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PREFACE

T h i s  book represents the culmination o f thirty-five years in the United 
States D epartm ent o f Agriculture, most o f which period was devoted 
exclusively to the study o f rubber-bearing plants for possible cultivation 
in  the United States or Latin  Amcrica.

T he chief credit for the interest o f  the U nited States D epartm ent of 
Agriculture in rubber production should be extended to M r. O. F. Cook, 
under whose direction I worked from 1920 to 1934. A t the  beginning of 
the twentieth century, M r. Cook foresaw the importance o f rubber, and 
he m aintained a lively interest in its cultivation until his death. H e was a 
naturalist with a broad interest in plants and animals, and his contributions 
to scietice ranged from tropical botany to detailed studies o f  cotton 
production. T o  him more than to any other individual, I attribute  the 
training and direction th at continued to point the way even after his 
retirem ent.

T he rubber work o f the D epartm ent was under the d irea io n  of M r.
B. Y. M orrison from  1934 to 1940, and received from  him m uch personal 
effort as well as wholehearted support at all times. In  1940, an expanded 
programme was placed under the direction of D r. E. W . Brandes, and 
blossomed rapidly under his capable, energetic leadership. Later, the 
leadership passed to D r. R. D . Rands, who had m ade many significant 
contributions to the techniques o f rubber production in  Latin  America. 
O n his retirem ent, the leadership passed to D r. M . W. Parker, who is now 
D irector o f Crops R e s^ rc h  in the Agricultural Research Service o f the 
U nited States D epartm ent o f Agriculture. T h e  personal contribution of 
each o f  the above individuals to the knowledge o f rubber production and 
to the success o f the projects with which I  was associated is gratefully 
acknowledged.

I have received many expressions o f confidence and encouragement 
from  many friends who have taken a lively interest in the preparation o f 
this book. In  particular, I wish to mention contributions o f  information, 
illustrations, and encouragement by M r. E. G. Holt, D r. R. D. Rands, and 
D r. H . M . Tysdal. D r. Richard Evans Schultes, o f the  Botanical M useum, 
Harvard University, reviewed m y chapter on the botany i)f Hevea and 
m ade valuable suggestions. Thanks are due especially to  my former 
secretarj’, M iss N ina K. Shifflette, who has reviewed the m anuscript in 
each stage o f its development and has m ade many valuable suggestions 
tliat have greatly influenced its final form.



D uring  the preparation o f the  m anuscript, I have had full access to 
the records o f the U nited  States D epartm ent o f  Agriculture. I  w ant to 
extend special thanks to th at agency and to its fine research organization, 
the  Agricultural Research Service. I  am  particularly  grateful for the 
constant helpfulness o f  D r. L . M , Pultz, w ho is in  charge o f  the rem aining 
research project o f the A gricultural Research Service on natural rubber 
production.

J4 I0  Ridgewood Avenue  ̂ Lohen G . PouiAMUs

Chevy Chase 75,

Maryland^
U.S.A.
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IN T R O D U C T IO N

W i l d  rubber was being harvested in the W estern Hemisphere before the 
time of Columbus and was o f  ever-increa^ng importance for nearly 
four-and-a-half centuries thereafter. During that period, rubber was 
obtained from  hundreds o f different plants in the tropical regions o f the 
Americas, Africa, and Asia. Rubber cultivation, however, did not become 
an im portant farming operation until after the beginning o f the twentieth 
century, and cultivated plants did not become the main source o f rubber 
until after 1912.

First Attempts at Cultivation

R ubber trees \\ ere first planted early in the nineteenth centur>’. T he 
desire to cultivate rubber was greatly encouraged by the  discovery of 
vulcanization in 1839 and the subsequent rapid increase in demand for 
articles o f rubber. T he first plantings consisted o f Castilla in  Mexico, 
Hevea in Brazil, and Ficus in  Asia—so that, at this earl^stage, the local 
species were m erely planted within their respective native ranges. Rubber 
planting did not get a real start, however, until seeds o f the Hevea tree 
were taken from  Brazil in  1876 and introduced by the British into their 
colonies in  tlie Far East. Even then tJie plantation industry was slow to 
start, and almost t̂ ’̂eniy years passed before there was any real impetus 
in the planting program me; yet, before another twent}' years had elapsed, 
the production o f plantation rubber in the  Far East had equalled and 
then  eclipsed the  production o f wild rubber throughout the world.

Search fo r  New Sources o f  Rubber
T h e  planted rubber that accounted for this astounding development 

consisted predom inantly of Hevea. T here had, however, been numerous 
kinds o f trees planted: Castilla and Ficus in addition to Hevea in the East; 
Funtumia and Manihot in  Africa; and Castilla in M exico, C entral America, 
and western South Anierica; also these and other plants in Hawaii, the 
Philippines, T rinidad, and Madagascar.

French, Germ an, and English officials and botanists searched all 
tropical areas for plants that might be exploited for rubber, whilst the 
Intercontinental Rubber Company did a thriving business in the sale 
o f  rubber extracted mechanically from wild guayule shrubs in north- 
central Mexico, and equipped and sent explorers throughout the world 
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ro investigate rubber-bearing plants th at m ight be exploited by the use of 
their mechanical process. 'I'his Com pany furnished a ship with extraction 
m achinery and sent it to Africa to investigate the  local root and vine 
rubbers. T hey  also collectcd tons o f bark from  native Sapium  trees, high 
in the Andes, and this barls was dried and forw arded to New  York for 
mechanical extraction expcriment.s.

M any factors entered into the final choice o f Hevea as the chief 
cultivated rubber tree, and these will be discussed later. By the  tim e the 
t>ventieth century reached its half-way m ark, Hevea had become almost 
the  sole source o f  natural rubber, its suprem acy being challenged by no 
o ther botaniojJ source either wild or planted. I t  faced new competition 
however, in the rapid upsurge in the  production  o f synthetic rubber.

Need fo r  Cheap Labour

T hroughou t the period o f  w ild-rubber production , high profits were 
gained by the traders in  ru b b er through the exploitation o f  native peoples 
—particulariy  in  the Putum ayo d istric t o f  P eru  and in the Congo, where 
the production o f w ild^ubber was m arked by  h um an  m isery and exorbi­
tan t profits. These are the regions th at camc to public a ttention, b u t they 
were not the  only are;is o f inhum an exploitation. T h e  plantation  industry 
received as a legac\' from  this exploitation the  beliefs th a t ru b b er pro­
duction depended on cheap labour and w'ould not be profitable where 
labour costs were high. I t  is now recognized, however, th a t the fu tu re  of 
plantation production rests on the  developm ent o f  sound agricultural 
practices, on  the breeding and use o f  vigorous, high-yielding trees, and 
on the production o f  m ore and be tte r ru b b er per acre and per worker.

Types o f  Rubber

M any o ther plants had been tested for ru b b er production  before 
Hevea rubber becam e established as practically the sole source o f  planted 
rubber. R ubber had been collected from  h undreds o f wild plants and the 
products o f all o f these p lants had been used in ru b b er m anufac tu re ; some 
o f  these rubbers cpntained large quantities o f  d irt, trash, and similar 
im purities, whilst others contained such a high proportion  o f  resins 
(acetone-soluble constituents) th at they  were soft and sticky or hard and 
brittle.

D irt, trash, and water-soluble constituents were rem oved by washing 
the rubber, and some o f  the resins were rem oved by solvents. General 
differences in  the compo.siti(m o f  the wild rubbers were com pensated for 
by blending the rubbers in m anufacture. C om pounders in the period of 
w ild-rubber exploitation were highly skilled artists, expert in the blending 
o f  num erous t\'pes o f rubber and o ther ingredients to  atta in  a particular 
quality desired in the finished article. A lthough perform ing on a rule-of- 
thum b basis, they  were able to accom plish w onders with the available 
materials.



Neither the development o f a  plantation industry, nor the concea- 
rration within th at industry on Hcvea as the  sole source o f rubber, has 
resulted in the production o f a uniform type of rubber; for, in the same 
way that there were a multitude o f different t}'pes and grades o f rubber 
from  wild plants, there are also a multiplicity- of grades of rubber from 
plantations.

W r a t  i s  R u b b e r ?

I t  scarcely seems necessary to  define rubber, a product th at is familiar 
to  everybody. From  earliest infancy throughout life, all civilized people 
make use to some degree, or in someway, o f this resilient material. Even 
before Columbus first acquainted Europe with this strange new substance, 
natives o f the  Americas had made extensive use o f rubber, and this use 
extended from the Amazon to as far north as what is now New Mexico, 
Rubber as a  useful material has been, and is, familiar to m ost o f the people 
o f the  world, for civilized m an makes use of it in w'ork, in play, and while 
at rest. Sections o f old tyres provide sandals for plodding millions in 
Asia and Africa.

As long as it was solely the product of plants, there was a minimum 
of confusion as to the material being referred to as ‘rubber’. R ubber could 
exist e ither as a raw matefial for the fabrication o f useful articles—such as 
in crepe shoe-soles—or as the m anufactured article in the \iilcanized 
form.

Raw natural rubber is not a pure material b u t contains a complex of 
chemical substances o f  considerable diversity. T h e  non-rubber constit­
uents of some rubbers may exceed the rubber itself in  weight, and, 
although these constituents are m inor in am ount (but not unim portant) 
in Hrcea rubber, they include sugars, inorganic compounds, resins, and 
‘trace’ quantities o f many other organic compounds. Rubber obtained by 
mechanical maceration may contain material from many portions o f the 
p lan t in addition to that from cells where rubber is found. T h e  proportion 
and kind o f these non-rubber constituents o f rubbers from  various plant 
sourccs are characteristic, and represent the basic differences bet^^een 
rubbers from these sources.

The Rubber Hydrocarbon
T h e  major constituent o f the rubber from the Hevea rubber tree is a 

hydrocarbon with a chemical composition designated by the formula 
(QMg)^, whefe n represents a b rg e  b u t indefinite num ber o f  replications 
o r th e  basic unit. T h e  basic unit is generally considered to be isoprene, 
CgHg, and thus the rubber hydrocarbon is a polyisoprene. T h is  hydro­
carbon is found in all natural rubbers and is responsible for their resilience 
and elasticity. Polyisoprene occurs in greatly varying proportions in 
different crude rubbers—over 90 per cent in  Hevea rubber and less than 
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5 per cent in the  so-called potato gum  obtained from  species o f  Euphorkia 
in Afric:t. A sim ilar hydrtKrarbon, with an identical chemical composition 
to that o f  ru b b er but having dissimilar chemical structu re , is also found 
in the latex o f many p lants; this material is known as 'gu tta ’ or ‘gutta­
percha’. T he chemical ditference between the ru b b er and gutta hydro­
carbons will be discussed later. T h e  chicf observable difference is that 
rubber is elastic and m ust be broken down mechanically before it  can be 
form ed into desirable shapes, whereas gutta  is therm oplastic and can be 
heated and m oulded w ithout the necessity for m echanical or chemical 
breakdown.

Culta

G utta-percha is a fairly pure  grade o f gutta obtained from  Palaquium 
trees in Indonesia. T h e  gutta  tree, Palaqumm obhngifoYnnn* has been 
brought into cultivation, and there has been  a small-scale production of 
gutta  from  cultivated trees by crushing the leaves mechanically. A more 
resinous gutta known as ‘balata’ is produced from  wild trees o f  Mimusops 
bahia  in  northern  South  Am erica, whilst an even m ore resinous gutta 
known as ‘chicle’ is produced from  Aclims sapota in  C entral America. 
UTiereas thousands o f  species o f  p lants contain ru b b er and these plants 
are classified in num erous families, m ost o f  the relatively few species of 
plants that are knowTi to form  gu tta  belong to the fam ily Sapotaecae.

Lupeol

As will be discussed later, H endricks & W ildm an (1946) have shown 
th a t m  the latex o f  Cryptostegia madagaseariensh there  is a triterpene ester, 
lupeol, th at apparently  acts as a  com petitor w ith ru b b er for the  precursors 
in  the  latex. In  breeding experim ents, this ester has been studied in 
hybrids o f  C. madagascarmms and C. graniiflm a. W hether it o r the  rubber 
hydrocarbon is form ed appears to  be determ ined  by  relatively simple 
genetic factors. In  Hevea brasUiemk (T eas & Bandurski, 1956) and 
Parthen 'mm argmtatum (Bonner & A rreguin, 1949), it has been shown that 
rubber can be derived exclusively from  acetate and th at the  branched- 
chain acids, beta-m ethyl crotonic acid and beta-m ethyl-beta-hydroxy- 
g lu tanc acid, are probably interm ediate. N eith er lupeol n o r any other 
m aterial has been dem onstrated as com peting for the substrate. M ore than 
a single enzyme m ust be involved in  the  c^mtrol o f  the  form ation o f  ester 
o r rubber in  Cryptastegm\ b u t the  form ation o f  ru b b er in  Hevea and 
Farthenmm is controlled by a single enzyme. T h e re  are no genetic studies

t h i / w  “ U thority  fo r L a tin  n am ra  o f  p lan ts  inm tio m .d  ij.
J  f  With cxccp i m  those eh ap tc rs  devoted  to  ih e  b o u n ic il

elassificution o f  t k '  p lan ts  m ost concerned . T h is  w ill sim plU y m atters

S  7  m ade to  k eep  p lan t name.s ,>roperly

fa  for ‘he rnbber-bearinE  I'lan ts trea ted  can  be found
m  th e  b ub jee t In d ex , w here  all p lan ts  m en tioned  m  th e  tex t a re  lis ted .— E d.
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10 explain the reported formation of rubber in a spccies o f Achras that 
normally produces only gutta.

Oiher Constituents o f  Crude Rubber

'Fhe major non-aqueous ingredient o f  the latex o f Hevea brasilietisis 
is the  hydrocarbon known chemically as f/s-polyisoprcne but more usually 
referred to as ‘rubber’. T h e  associated substanccs in die latex are con­
sidered as impurities, although some o f these impurities in Hevea and 
other rubbers contribute significantly to the coagulation, preservation, 
and vulcanization o f  the rubber, as well as to the usefulness fif the finished 
article. T hey  serve a.s antioxidants, accelerators, softeners, etc., while a 
po^verful antioxidant has been extracted from liroea  rubber by acetone. 
Prior to  the development o f chemical accelerators, it was found that some 
o f  the  constitutenLs o f Hevea latex were effective accelerators o f  \’ulcaniza- 
tion but that they were often lost in the serum in coagulation. Fmdumia 
latex contains a substance that makes the latex extremely stable. African 
rubbers were used as softeners o f Hevea rubber for many years. T h e  ace­
tone-soluble materials extracted in  deresination from gua\-ule rubber 
were later used by one nunufacturer as softeners o f Hevea rubber. 
However, these non-rubber constituents of rubber do not contribute 
directly to elasticit)-. .More than the hydrocarbon itself, which appears 
to be identical, or almost identical, in all natural rubbers, the non-rubber 
constituents characterize the rubbers from different botanical sources 
and are responsible for the  differences in grade in various lots of rubber 
prepared from  the latex of any given species.

Crude Rubber v. Pure Rubber

R ubber in one terminology' is a raw product, a crude material for use 
in  m anufacturing; bu t by extension o f the term  it is also the nuinufactured 
article. In  another context, it is a  pure hydrocarbon basic to the  raw 
material or the manufactured articlc. In  tlie past, this plural usage led to 
little confusion as the context o f any reference was usually sufficient to 
indicate the particular usage. I*'or instance, any reference to the rubber 
c<fntent o f  a plant referred to the proportion o f  die pure hydrocarbon; 
a reference to  the rubber content o f  a t\Te or other nvanufactured article 
referred usually, unless otherwise indicated, to  the proportion o f crude 
rubber added to the compound. In  any case, the same hydrocarbon was 
responsible for tlie resilience and elasticitj' both o f the crude product and 
o f die finished ardcle.

Synthetic Rubber

T h e  development o f synthetic materials with the same characteristics 
o f  resiUence and elasdcity as natural n ibber, caused some confusion in 
lerm inolog\\ R ubber as a pure chemical was considered to be the hydro­
carbon (CsHg)^, found in the gum  from  the latex of various tropical trees
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or o ther plnnts. As a commercial product, it was the {jum itself or a 
m anufactured articIc m ade from the gum ; under such a definition, any 
synthetic product, to be a true synthetic rubber, would need to  have the 
same chcmical composition as natural rubber. U n til very recently, all 
synthetic materials th at approached the chemical struc tu re  o f the  natural 
rubber liydrocarbon, lacked the  physical properties characteristic of 
natural rubber. In  the  synthetic rubbers th a t have been produced com- 
mercially, the basic u n it contributing elasticity bears little relatioaship 
to the (Q H g) unit o f  natural ru b b er e ither in  com position or in structure. 
T h e  m onom er u n it w ith the nearest structu re  to  this is butadiene which 
as will be shown later, has a chemical s tru c tu re  closely approxim ating that 
o f  isoprene, which is the m onom er u n it o f the  natural ru b b er molecule. 
Butadiene is basic to the synthesis o f  m any o f the  artificial rubbers but, 
to  give qualities sim ilar to those o f  natural rubber, requires the use of a 
co-polym er; consequently the  structu re  o f  the resu lting  polym er is quite 
dissimilar to  th at o f natural rubber.

T hese synthetic rubbers are highly elastic, and  the  articles manufac­
tured  from  them  are elastic and indistinguishable by  visual observation 
from  sim ilar articles m ade from  natural ru b b er. Because o f  th is  similarity, 
the  raw materials are  know n as synthetic rubbers, although both the 
m anufacturer o f  synthetic ru b b er and the  ru b b er farm er have had cause 
to  dislike this term inology. T hose interested in  the developm ent o f the 
new synthetic products have been dissatisfied w ith the  term s ‘synthetic’ 
and ‘artificial’ as applied to  the  new products, because such  term s still 
im ply the im perfection o f  ersalz m aterials m ade as substitu tes for un­
obtainable or costly natural products. Producers o f  p lan tation  rubber, on 
the  otlier hand, disliked the  use o f  the  term  ‘ru b b er’ at all, even with the 
m odifiers ‘s>Tithetic’ or ‘artificial’. T h e  new m aterials did not have the 
chcmical structure  o f  the  na tu ra l ru b b er hydrocarbon and therefore were 
not ru b b er: they  were ru b b er substitu tes, no t synthetic  rubber.

Dictionary Definitions o f  Rubber

T h e  term  ‘ru b b er’ antedates the  christening o f  th e  clastic product 
and, even in  m odern  usage, refers to  a m ultitude o f  dissim ilar things or 
operations.

T h u s  the. New Century Dictionary (1938) gives the following definition: 
One who rubs; one who practices rubbing, as in order to smooth or polish 
something; one who makes rubbings; one who practices massage, or who rubs 
persons down, as at a bath; one who rubs horses down, as those used in 
racing; also, an instrument, implement, etc., used for rubbing something; 
a coarse file; a towel or piece of cloth for rubbing the body after bathing 
or for rubbing horses down; a kind of brush consisting of wool, felt, or the 
like, fastened to a back, for erasing chalk from a blackboard or slate; a piece 
ot ^outchouc, or india-rubber, for erasing pencil marks, e tc .; also, caoutchouc 
or m dia-rubber; also something made of india-rubber; an india-rubber band, 
or elastic, as for holding things together; an overshoe (usually in pL); in
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baseball, the home base or plate, or the slab marking the pitcher’s position, 
both made (properly) of whitened rubber.

lad ia-rubbcr is defined as ‘A highly elastic substance obtained from  
the milky juice o f numerous tropical plants, used for rubbing out pencil 
marks, and variously in the arts and m anufactures; caoutchouc; gum 
elastic; rubber’.

Caoutchouc is defined as ‘T he gummy coagulated juice o f  certain 
tropical plants; india-rubber’.

Webster's Collegiate Dictionary (1923) defined rubber as:
1. One who, or that which, rubs; as: a An instrument used in rubbing. 
b An eraser, esp. of caoutchouc. 2. In \-arious games, a set of (usually) three 
games, of which the odd game is played to decide the contest when each 
side has won one game; also the odd game so played; also, a contest deter­
mined by the winning of (usually) two out o f three games. 3. Caoutchouc, or 
india rubber, esp. in commercial form. Pure rubber is soft and elastic, be­
coming sticky when heated, and melting at about 300' F. It is usually mixed 
with vTilcanizing agents, fillers, etc., and then molded and vulcanized.
4. Something made of india rubber; as: » An overshoe. Colloq. b A band of 
rubber.

India rubber is defined as fallows:
India rubber or often india-rubber, n. i. A tough, elastic subst^ce got from 
the milky juice of various tropical plants. See CAOUTCHOUC and RUBBER.
2. A piece of this substance or an article made from it; a rubber.

Caoutchouc is defined as;
A tenacious elastic substance got from the milky juice of many tropical plants; 
india rubber; gum elastic.

Webster's New Collegiate Dictionary (1951) defined rubber as:
I. One who rubs, as a polisher, masseur, etc. 2. An instrument or thing used 
in rubbing, as an eraser, whetstone, etc. 3. [From its earliest European use, 
die making of erasers.] a A substance obtained from the milky juice (rubber 
latex: cf. latex) of manv tropical plants, and usually characterized by clas- 
ticit)-;—called also caoutchouc and imha rubber. Perfectly pure rubber is a 
white unsarurated hydrocarbon having the composition (CjHg), or (CnjHj,),. 
To increase its useful properties, crude rubber is worked on rolls to make it 
more plastic, then compounded wiih other materials, molded and vulcan­
ized. b Any of certain synthetic products resembling natural rubber in its 
properties. 4. Something made of rubber, as an overshoe.

Popular V. Technical Concept
As may be seen from the above, it is extremely difficult to find a 

definition for rubber tiiat expresses the popular concept as form ulated in 
the  dictionary definitions and reconciles it with the various concepts 
in technical literature, or, in fact, even to reconcile the  concepts in 
technical literature alone. Dictionary definitions are based largely on 
the  origin o f natural rubber in the latex o f tropical plants such as the 
Para rubber tree, Hcvea hrasiliemis. In  this usage, s>-nthetic rubber
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RUBBER

is a synthetic product th at m erely resem bles natural rubber in Its 
properties.

The Term Rubber in TecJjiiicuJ Literature

T h ere  is m uch in technical literature th at m ight justify  rcstrictinff 
the technical use o f the term  ru b b er to the pcrrinent hydrocarbon isolated 
from  plants. T h e  technical term  ru b b er and the  chem ical term  m-polyiso^ 
prene would then  be synonym ous; this w ould require  th a t a modifyintr 
adjective be used in expressing any o ther concept. Y et such usage would 
be confusing even in technical literature, as ru b b er is such  a well-known 
^ n e n i l  term  th at restricting its technical use to  a single concept within 
its general m eaning would invite difficulties in  the  field o f  natural rubber 
and create obstacles in the  synthetic field.

Som e UTiters have used the  F rench  word caoutchouc to designate pure 
n ib b er and the English w ord rubber to designate the  crude or manufactured 
product. Such usage is not justified on tw o coun ts: ( i )  Caoutchouc, in 
I’rench, has just as broad a m eaning as ru b b er has in English. (2) The 
word GU>utchouc, like m anj’ o ther foreign w^ords, has been taken over 
\vithout change into English and is now com pletely synonym ous with 
rubber.

Rubber as a Physical Concept

Schidrow itz (1955), in discussing w hether certa in  synthetic materials 
should be called ru b b er, s ta te d :

. . . there may be something to be said for restricting the term ‘rubber’ to 
natural rubber and maybe to certain synthetic rubbers. T he language has 
already W n  enriched by adding the cellular silicones to the list of rubbers, 
where the physical properties are similar to or have some resemblance to 
^cura l rubber. The point, therefore, as I see it, is whether the description 
rubber should refer to the origin o f the material, or simply to its physical 

and/or chemical properties.

Popular usage o f  the term  ru b b er has becom e so generalized and 
m dusive  th a t it would be difficult to  restric t its use w ithin the general 
held o f  rubber-hke materials. I t  is no longer possible to  res tric t the word 
to a particular com pound or to  any particu lar source o f m aterial; nor does 
there seem  to be any chemical concept th at would be useful or informative 
m  defimng i^b b e r. F ro m  bo th  the popular and technical aspects, rubber 
Has come to be a ph>^ical conccpt; it is no t a specific m aterial bu t, rather, 
any m atm al th at wdl perform  certa in  tasks or react in certain  ways to 
outeide force. R ubber m ust bounce; it m u st s tre tch ; it m ust vield to 
deform ation and then  snap back w hen the deform ing force is removed, 
l  echmcally ru b b er m ust first exist in a raw  s tate in w hich it m ay be made 
plastic m  order th at it can be m oulded, ex truded, o r o therw ise shaped into 
a useiul form , and it m ust th en  be capable o f  being set in to  a perm anent 
lo rm -v u lc a n ,2 c d - s o  th a t it will resist fu rth er deform ation and resum e



its given shape after deformation. Such a material would meet the popular 
concept o f  rubber, irrespective o f its origin or chemical structure.

Acceptancc of a physical concept for rubber justifies the normal 
acceptance o f the usual modifying adjectives— natural, synthetic, etc. 
I t  is incongruous lo accept a definition o f rubber as, nccessatily, the gum 
from  the latex o f  a tropical tree and then to accept, let alone define, a term 
such as s>'mhetic rubber. U nder the dictionary definition o f rubber, there 
could be no synthetic rubber. I f  the  physical concept is accepted as the 
sole definition o f rubber, the restricting modifiers become useful and 
meaningful; thus natural rubber designates an elastic material obtained 
from  botanical so u rc e , whereas synthetic rubber denotes an elastic 
mattTial m ade in a factory.

-Technical Definition o f  Rubber

T h e  American Society for Testing M aterials has proposed a very 
useful definition of rubber th at will be used in this book. A S T M  designa­
tion D 883-55T defines rubber as ‘a natural or synthetic material that can 
be or is already vulcanized to a state in which it has high extensibility 
and forcible quick retraction’. In  some cises, it may be necessary to 
modify the term  in  order to be explicit as to the material being discussed; 
raw or crude will designate the commercial grade o f uncompoimded and 
unvulcanized natural rubber. T h e  modifiers, natural and sm h e tic ,  will 
be used only in  discussing or comparing the production, use, and/or 
qualities o f the rubber produced on plantations with that produced in 
factories, and the context will usually indicate what t>'pe o f  rubber is re­
ferred to— without the necessity o f  explicit differentiation.

S’kTs'THETic V. N a tu r a l  Rubber 

T o  many people, the term  ‘s)'nthetic’ denotes inferiorit}-. S\Tithetic 
is taken to  m ean not real, bu t :i substitute. T here  was some excuse for 
such connotations in the davs before chemical synthesis had reached the 
precision possible with m odern technology, but s m h e tic  materials today 
can have a greater degree o f purity and greater umformit)' than  competing 
natural substances. Synthetic materials can be high in qualit}'^ or they can 
compete m erely on the basis o f cost.

Some o f the desirable qualities o f natural rubber have not been dupli­
cated or equalled by any synthetic material; but for many uses there are 
synthetic materials that are superior to natural rubber. N atui^l rubber is 
pre-em inent in its resistance to heat accum ulation (hysteresis), resistance 
to crack growth, and for products that m ust come into contact with the 
body. Synthetic materials are available that resist the passage o f gases far 
better than  natural rubber, whilst others resist cTacking due to sunlight, 
and some are much m ore resistant to solvents.

T h e  term  ‘artificial’ has been used to replace ‘s>Tithetic’, bu t the 
popular connotation o f inferiority remains. E. G . H olt o f the United



States Depdrtnient o f Conimcrcc suggested th at the synthetic ru b b ers  
be known as chemical rubbers. John  C. Collycr, Am erican Rubber 
D irector during W orld W ar I I ,  suggested the term  m an-m ade rub­
bers. Both o f thc^e term s received some acceptance b u t not extensive 
use.

In  these days o f  laborator)'- m iracles, there  is an ever-decreasing need 
for term s to hide the fact that products come from  fltctorics. Laboratory 
w onders have becomc comm onplace, and the scientific creation of new 
materials, or im provem ent on  the  old m aterials, is no longer considered 
only as the substitution o f a cheaper product for a m ore costly natural 
product. T his is particularly  apparen t in the  field o f fibres and fabrics. 
M any syntiietic fibres now find general acceptance, with no need for 
such appellations as artificial silk or synthetic w ool; nor is there  any feeling 
o f  inferiority w hen such designations are  used.

T h e  \ ' a l l 'e  o f  R u b b e r  t o  t h e  P l a n t

T h e  value o f  natural ru b b er to  the  p lan t th at produces it bears no 
relationship to  its value to man. R ubber is found in  thousands o f  species of 
plants in all parts o f the w orld— in the  latex o f  giant trees, in  shrubs, herbs, 
clim bers, creeping plants, and even in fungi. N o one has demonstrated 
why a plant makes ru b b er, and it does not appear to  be a food reserve. 
S trong evidence indicates th at ru b b er is an en d-p roduct th at is no t re-used ' 
in the m etabolism  o f the  plant. T h e re  is also evidence th at ru b b er may be 
activc in  chemical processes in  the  p lan t; th at ru b b er o f high molecular 
weight is produced before the synthesis o f  ru b b er o f  lower m olecubr 
weight; and that, conceivably, the sm aller m olecule is derived from the 
larger—rather th an  the reverse.

Type o f  Information Available

Discussion o f  the  form ation and accum ulation o f  ru b b er in plants is 
complicated by  the fact th at ru b b er is harvested from  d ilicrcn t plants in 
diiferent ways. In  general, plants o f  the  tropics arc tapped  to get the  rubber, 
and plants o f  tem perate zones are harvested mechanically. D ata regarding 
yields are based on the m ethod o f  harvest o f  the  rubber. Y ield data for 
H€vea^ Funtumia, Castilla, Maiiiliot, and o ther tree  cTops, are  based on the 
am ount o f latex and ru b b er th at can be obtained by tapping  a t a single 
tim e or over some period o f  time. O nly a m inor portion o f  the rubber in 
the  plant is obtained at any one tapping, b u t a very satisfactory index is 
thus acquired as to the  ra te  o f  ru b b er renew al under given conditions. 
W ith i^Iants such as guayule, goldenrod, and the Ru.ssian rubber-bearing 
dandelions, the plants are m acerated and all o f  the  ru b b er is extracted 
at one tim e. Peri(>dic tests o f tem perate-zone plants have show n the rate 
o f  accum ulation o f ru b b er and the  conditions under which the highest 
accum ulations occur. Infi.rm ation can also be obtained from  plants, such



as Cryptostegia, for which no satisiactory method o f exploitation has 
been found bui which have been studied extensively: their rubber 
has been harvested both by tapping and by mcchanical and chemical 
extraction.

Seasonal Variation in 'Hevea'

T here is considerable seasonal variation in the rate o f flow o f the latex 
of Hevea brasiliensis when the tree is tapped. T he greatest flow, and thus 
the  highest yield, is, generally, during the wet months, while the least 
flow and lowest yield o f rubber is during the dry season. T h is  simple 
relationship is complicated by the fact that the annual leaf-change also 
occurs during the dry season and that physiological factors involved in the 
leaf change affect the flow of latex. Since the greatest flow o f latex occurs 
during the rainy period, it is simultaneous \n th  the time o f maximum 
gfowth. Likewise, the period o f  least yield, the  dry season, is a period of 

j retarded growth, and normally the dry period is also the period o f  lowest 
tem peratures, though the seasonal fluctuation in tem perature in the 
tropics is small.

Wintering o f'’Hevea'

T h e  leaf-fall period (wintering) in Hevea is not identical for all clones 
or for all trees ; and even a single tree may, at one time, have portions of its 
canopy in different stages o f wintering. T o  the d^T ce  that the dry season 
and the wintering coincide, their end marks a spring period in the seasonal 
life o f the tree. T here is then rapid growth o f the terminals and flowering 

. precedes die production o f new foliage. As some clones winter early in 
the dry season and some late, the irregularity o f wintering makes it 
impossible to make specific designation o f a spring in the seasonal change. 
T h e  refoliation o f the trees after wintering is marked by a rapid increase 
in the flow o f latex.

Seasonal Variations in Guayule

In  tenTperate-zone plants such as guayule, harvest may be either 
annual or after several vears, when rubber accumulation h ^  reached its 
highest level. R ubber form ation and rubber accumulation are synonymous 
to the degree that rubber is an end-product not re-used in the  economy of 
the  plant. T raub  (1946) showed that the am ount o f rubber in a guayule 

t p lan t was not decreased diiring periods o f s tre ^ , and he concludcd that 
rubber wiis not a food reserve in  guanile—in spite o f previous work by 
Spence & M cCallum (1935) who had found a loss o f rubber during stress 
periods. T rau b 's  work was designed not to show that there was no turnover 
in the  rubber formed in the guayule plant, b u t to dem onstrate that under 
stress conditions the  hydrocarbon level rem ained cor^rant or even in­
creased w'hile the carbohydrate was being depleted.



U nder normal growlh conditions, the  lowest nite o f gain in rubber 
content in guayule occurs during  periods o f  rap id  grovMh. T h e  highest 
rate o f  accum niation occurs v h c n  the grow ih-rate o f the p lan t is arrested 
although this period o f  arrested growth norm ally occurs at the end of the 
growing-season and is b rought about by the  onset o f  lowered temperatures 
I t  can also be induccd by drought, w hether occurring naturally or by 
w ithholding irrigation needed for norm al growth.

Flommng and Grov>th ofGuayule

Flowering in Hevea is seasonal and m ore o r less coincident with 
r(^um ption  o f  growth at the end o f  the  w intering period. Off-season 
flowering is nor uncom m on, however, and, a t som e distance from the 
Equator, may extend for up  to six m onths. F low ering  o f  guayule oc­
curs wlien growth is m ost rapid, and successive flowering can be forced 
th roughout the  sum m er by successive irrigations. T h e  facts th a t rubber ac­
cum ulation is at a m inim um  during  periods o f  rap id  grow th, and that the 
accum ulation can be increased by  slowing grow th, m ay be used  to  advan­
tage in  guavtjle cultivation. G row th  can be forced w ithout regard to rubber 
form ation. Periodical controls can be provided in  the  form  o f  suspended 
irrigation, deficient fertilization, or o ther cultural controls to check 
the  growth o f the guayule and p erm it the accum ulation o f  rubber. 
G row th  can be forced continuously for eighteen m onths to  two years, 
and the form ation o f ru b b er can then  be encouraged by  inducing  stress 
conditions. T h e  accum ulation o f  ru b b er u n d er these conditions is 
equal to  that obtained by  providing stress conditions a t m ore frequent 
intervals.

Seasonal Variation in Kok-saghyz

T h e  Russian rubber-bearing  dandelion, kok-sagh^'z, accumulates 
rubber th roughou t the  growing-season. R u b b er accum ulation does not 
cease in the au tum n b u t continues th roughou t the  w inter, the  highest 
content being found in the spring  just before new  grow th starts. After 
grow th is resum ed in the spring, th e  old bark tissue containing most of 
the  rubber form ed the  previous year is discarded. How'ever, as the  spring 
resum ption o f  grow th takes place early, there is insufficient tim e between 
the  thaw ing o f  the  ground and the in itiation o f  g row th for harvest o f the 
crop and replanting, so the optim um  tim e for harvest o f  this root-crop 
is late in the  au tum n before the  ground freezes.

Rubber Formation afid Accnnmlation 

'T h e re  is little accum ulation o f  ru b b er in an un tapped Hei>ea tree or 
in a vigorously growing gua jtile  plant, I f  ru b b er form ation occurs, it 
m ust be counterbalanced by  the  destruction  or re-u tilization  o f  that 
form ed previously. A  guayule sh rub  th a t is no t harvested continues to 
accum ulate ru b b er for several years. As w'as m entioned above, kok-saghyz



discards a major portion of its accumulated rubber annually before 
resum ing new growth but docs not cease the formation of rubber at any 
time, even during the  winter resting period. T he amount o f rubber in 
dried tissue o f Hevea seldom excceds 15  per cent, and such a high 
percentage is found only in the  bark where the k tex  vessels are located. 
In  kok-sagyhz, the  content of rubber in the dried roots may be as high 
as 6 to 8 per ccnt. Percentages as high as 25 have been reported in guayulc, 
and even higher percentages have been reported in the roots of another 
Russian rubber-bearing plant, Scorzonera tau-sa^byz.

T h e  precursors of rubber m ust be constantly or quickly available in 
Hevca and gua)!!^. Speedy formation of rubber is started in by \
the initiation o f tapping, and in guayule by natural or artificial stress.

L e a f Rubber in '’Cryptostegia''

R ubber is found in  the roots, stems, and leaves o f Cryptostegia, being 
present in  both the bark and pith of the stem. W hittenberger et al. (1945) 
investigated the rubber in  the leaves of Cryptoitegia. Latex vessels that 
contain appreciable am ounts o f  rubber follow the m idrib and veins of the 
leaf and penetrate some distance into the adjacent tissues o f the lamina. 
R ubber is also found as globules associated with the chloroplasts in  all 
types o f green cells (palisade parenchyma, spongy parenchyma, guard- 
cells) o f  the m ature leaf. Such g lo b u le  are most numerous in the palisade 
layer where there may be from  one to eight per cell. W ithin the cells, the 
largest globules are entirely distinct from the chloroplasts although some 
o f  the smallest ones are not. T h e  globules may attain a diameter of 10 to 
12 m icrons (-oi—012 mm.), although smaller ones (3 to 7 m icrons in 
diam eter) are more common.

T hese authors suggested that rubber m ight be f()rmed in the leaves 
and then transferred by appropriate means into the latex vessels. Ha\-ing 
no speciiic proof, they stated cautiously: ‘T heir general correlation w ith 
the presence of chlorophyll may be physiologically significant; the  exis­
tence, in some cases at least, o f very small globules in non-chlorophyllous 
parenchym a adjacent to the laticiferous ducts associated w ith tlie larger 
veins suggests a possible interchange o f  globular and duel material. 
F urtherm ore, in the dorsal half o f the leaf (spongy parenchyma), the 
globule-bearing cells are m ore num erous adjoining the ducts than in 
non-duct areas.’

G oldenrod also has rubber associated with the  chloroplasts in  the 
leaves; but, in  goldenrod, there are no latex vessels in leaves or stems, and 
only traces o f rubber are found in  any portion o f the  plant o ther than  
the leaves. Among knowTi rubber-bearing plants, Cryptostegia occupies 
a unique position in being rich in rubber in  the green cells o f the leaves, 
and also in the latex vessels in the leaves, bark, and pith. Hevea has no 
latex vessels comparable with those in the  pith  o f Cryptoslegia, while 
guayule and kok-saghyz have negligible am ounts o f rubber in the leaves.



R ubber was one o f  the Iasi o f the  major p lan t products to  be produced 
domestically, and to a rem arkable degree typifies m odem  civilization 
T h e  discovery o f  rubber, and the developm ent o f rubber-liltc materials 
have come during the developm ent o f  m odern conveniences that make tht 
life o f  the average m an o f  today easier than  th at o f  even the  m ost pampereil 
o f  those who lived b u t a few decades ago. R ubber has been an important 
ingredient o f  raimy o f  these conveniences. In  its resilience and elasticity 
rubber h is  served to cushion man from  his environm ent and has added 
to  the cttmforts o f  his life.

The Uses o f  Jtiilihr

M any kinds o f  articles can be fabricated from  ru b b er— hard, stron? 
structural m aterials; soft, yielding, com fortable m aterials; resilient 
elastic m aterials; conductors and non-conductors o f  electricity; shock 
absorbers; m ountings for m otors and o th er m achinery ; transmission 
belts; gaskets; hoses for transporting  gases and liqu ids; transparent 
m aterials; translucent m ateria ls; articles o f clothing to  keep out rain  or to 
control the figure; sports goods; cem ents; p a in ts ; p lastics; pharma­
ceuticals; d rug  sundries; and, above all, tyres, the  ch ie f  outle t for rubber.

The Sociological Value o f  Rubber Production

T h e  cultivation o f  ru b b er is the  ch ief m eans o f  Uvelihood in many of 
the countries o f  the F a r Ea.st. Indonesia, M alaya, Burm a, Ceylon, Vict- 
N am , Cam bodia. Thailand , B runei, Sarawak, and  B ritish  N o rth  Borneo, 
all depend largely on exports o f  ru b b er for the  prosperity- o f  their peoples 
and the  stabdity  o f  their economy. M illions o f  people in  these countries 
are dependent directly  o r ind irectly  on wages o r profits received from the 

plan tation  ru b b er. I n  Ind ia , Pakistan. L iberia , Nigeria, 
^ * ^ ^ a n d  the  Congo, ru b b er production  makes a“ substantia l though not a 

p reponderant contribution  to the  national incom e.
T h e  production  o f  plantation ru b b er is thus a m ajor factor in the national 

economy o f tropical countries o f  the  F a r  East and  is rap id ly  assuming 
im portance in Africa, w hilst the  p roduction  o f  synthetic  ru b b er contri­
butes significantly to the national incom e o f  the  U n ited  S tates and Canada,
IS im portan t in  G erm any, and is o f  prospective im portance in  France and 
Italy. Russia does n o t always con tribu te  to in ternational statistical infor­
m ation b u t is understood to be m aking progress in  the m anufacture of 
synthetic rubber. I n  1957, the  U nited  States led  all c o u n iT ie s  for which 
statistical inform ation is available in the  p roduction  o f  ru b b er, and Canada, 
the second m ajor source o f  synthetic ru b b er, was fifth  o f  all rubber 
producers, being exceeded in  production only by  Indonesia, M alaya, and
1 hailand in  addition  to  the  U n ited  States. T h e  production  o f  natural and 

synthetic rubber in  the  leading countries (those p roducing  m ore diaii 
30,000 long tons [ t  ton =  2,240 lb.]) in 1957 is show n in  T ab le  I.



TA B LE  I

PRODUCTION OF NATURAL AND .SYNTHETIC RUBBER IN 1957 BY PRINCIPAL 
PRODUCING COUNTRIES*

C ountry

U nited  States 
Indonesia 
M alaya 
Tliailand 
Canada 
Ceylon 
V iet-N am  
Sarawak 
N igeria t  
L iberia  t  
C o n g o t
Cam bodia

•  C om piled from  data  ii

Type Production 
(long tons)

t  Net exports rather than production.

Synthetic 1 , 1 18 ,17 3
N atural 684,515
N atu ra l 638,706
N atural 132,964

Synthetic  I32»i4i
N atural 98,164
N atu ra l 68,556
N atu ra l 40,982
N atural 39.946
N atural 38 ,16 1
N atu ra l 33>?63
N atural 3 1 ,18 3

Richer Statistical BuUstin, A ugust 1958.



H IS T O R Y

P r e - C o i -u m b ia n

Ti-ffi literature oix ru b b er dates only from  the  first visit o f  Columbus to 
A m m ca, w hen the use o f  ru b b er was already well established in the 
W estern Hem isphere. Protective garm ents, balls for playing games, and 
syringes, have been recorded by  the earliest v isitors to the new  continent. 
T h e  unrecorded h istory o f  ru b b er usage preceded its litera ture  by many 
genenitions or, possibly, ccnturies.

Schurer (1957) has traced the use o f  ru b b er in  Peru , in the  Mayan 
civilization in Yucatan, and in  the ancicnt M exican civilization; in all of 
these ancient civilizations ru b b er, and dem onstrably Castilla rubber, was 
an im portan t elem ent o f  rehgious rites. In  Y ucatan and  M exico Cit>-, 
the rubber M’as preserved and used in  the liqu id  form  and was related in 
cerem onial use to the  blood o f  living sacrifices. I t  was spread  symbolically 
on banners or used to m ake sta tuettes o f  the  gods, and even the  handball 
games took on the aspect o f  religious rites.

The First Rubber Tree

T h e  cliief, now  alm ost sole, source o f  vegetable ru b b er, Hevea 
brasiliensis* is native only in  South  Am erica. T h e  natural range o f  Hevea 
extends b u t slightly beyond the lim its o f the  A m azon basin, m em bers of 
the  genus being thus found only in a restric ted  th ough  sizeable area.

Castilla, on the  o ther hand, occurs th roughou t the  A m azonian basin, in 
parts o f  Ecuador and Colombia where no Hevea is native, and  throughout 
Central Am erica and sou thern  M exico. Early  usages o f  ru b b er in  Mexico 
undoubtedly were based on  ru b b er from  the  local spccies o f  Castilla-, 
and the presum ptive evidence is strong that, even in  S ou th  Am erica, the 
first trees to be bled extensively for ru b b er w ere Castilla. Even the  name 
Hevea was adopted from  the  native nam e’fo r the  Casttlla ru b b e r  tree in 
Ecuador. L a  Cx)ndamine (1745) reported  a ru b b er tree  a t Esmeraldas, 
Ecuador, know n locally as ‘hheve’. A ublet {1775) used the native name 
reported  by L a  Condam ine in  describing a species o f  ru b b er  tree as 
Hevea peruviana (later changed to  / / .  guianensis). A ub let did not have 
botanical m aterial from  Esm eraldas and  m erely assum ed th a t the  tree 
reported  by L a  Condam ine was the  sam e as th e  one being described.

•  See foo tno te  on  p. 4 .
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N o Hevea tree was ever found at Esmeraldas and there  can be Jittle doubt 
that the tree seen there by La Condamine was Castilla. I t  was not unri! 
some time later that La Condamine had his first opportunity t(? see Ihxea.

T here are dozens of latex-bearing species o f plants in the Amazon 
bjwin, and Castilla ulei bleeds most freely and copiously o f  them  all. 
Yields o f over loo  lb. o f rubber at a single tapping o f a felled tree have 
been reported though not fully substantiated. T h e  >ield o f a Hevea tree 
is comparatively small at any one tapping and cannot be increased mater­
ially by  felling. 1  he fast-bleeding Castilla was the first rubber tree, and 
native tappers only turned  to the slow-responding Hevea after the supply 
o f  Castilla had been depleted.

Early Use o f  Guayule

E ven guayule, tlie desert rubber-bearing shrub o f  northern Mexico 
and the Big Bend district o f Texas, entered into the early history' of 
rubber in  the W estern Hemisphere. T his shrub, Parihenium argentatum, 
does not >^eld a latex when tapped, because its rubber is held in isolated 
cells and it has no ktex-vessel system to transport the latex to  a cut. 
L loyd ( iQ ii)  stated th at extracting the rubber from w-ild guaviile by 
chewing the bark was common in  the northern p art o f Mexico in the 
eighteenth century, and adduced that the use o f guayule for making balls 
for play m ust have antedated Columbus.

R u b k r Usage Developed Only in the West

I t  is astounding that the use o f  rubber prior to the time of Columbus 
was confined to the W estern Hemisphere. Rubber-bearing plants are 
found throughout the v,0T\d~Ficus in India, Funtumia in Africa, and 
shrubs and vines such as Cryptostegia in India and Madagascar, Landolphia 
in Africa, and hundreds o f latex-bearing Apoc)Tiaceous vines and shrubs in 
southern China and the M alayan Peninsula. Plants of a t least one, and 
presum ably more, species o f Hevea, a t least two species o f Castilla, and 
gua\'ule, had been used for rubber production in the W estern Hemisphere 
before the tim e of Columbus. T h e  only usage for latex in the  East was as 
a bird-lim e.

Ruhber as a Symbol o f  Advanced Civilization in the West

T h e  use o f  rubber is an illustration o f the advanced civilization that 
European ex])lorcrs encountcrfcd in the W est. I 'h e  uses o f rubber had 
evidently been well established before the time o f Columbus, as m ethods of 
tapping the  trees and processes for making crude articles from  the latex 
had already been developed, T his primitive technology persisted as the 
guiding force in the usage o f rubber for nearly three-and-a-half centuries 
after the discovery o f rubber in the  West. Technical progress was made 
and the use o f rubber increased; b u t the over-all conception o f rubber as a 
usable material was not greatly changed during that time. T h e  merged



cinlizjitions n f  the East and the W est m ade their first big joint coiuri- 
butitm  to rubber tcchmilogy when vulcaniziition was accomplished in 
1839.

R ubber was brought to the pAiropcan m arket in crude bottles until 
after the m iddle o f the nineteenth  ccntury, nearly  four centuries after the 
official discovery o f  America. T hese  bottles w ere m ade by putting  suc- 
ces>ive layers o f rubber latex on the  outside o f  su itable form s th at could 
be rem oved, forcibly if  o f wood or by w ashing i f  o f clay, after a sufficient 
thickness o f rubber had been b u ilt up  and dried. T h ey  were shipped 
em pty though on ocoision they  w'ere used as containers. T h e  development 
o f  the a rt  o f  making bottles, the m aking o f  crude footwear, even the 
impregnation o f  fabrics to  make w 'aterproof raincoats and o ther coverings, 
were natural resu lts  o f  working w ith and m aking use o f  the  latex obtained 
chiefly from the Castilla trees th at abounded from  Bolivia to Mexico, 
T h e  m anufacture o f  syringes consisted m erely  in  pu ttin g  a straw or 
hollow spout in a bottle. Even the evolution and use o f  the rubber balls 
for plaving games were natural developm ents once this bouncy s tu ff  was 
available in  M exico and in  Sou th  and C entral Am erica long before the 
tim e o f Colum bus. How ever, the developm ent o f  handball as a spectator 
sport, w ith ru les and specially-constructed arenas, showed th at long 
before the Europeans knew o f  ru b b er its use had becom e an important 
factor in  the  W estern civilization.

R u b b e r  i n  t h e  S i x t e e n t h  a n d  S e v e n t e e n t h  C e n t u r i e s

D e Las Q s a s  in  1409, in a  m em orandum  not published  until 1909, 
noted th a t C olum bus showed him  one o f  the  astonishing A m erican rubber 
balls. Y et th e  knowledge o f  this strange new p roduct spread slowly. 
S churer (1956) refers to  H ernandez {1651) as the  only E uropean~ t\vo- 
and-a-half centuries after the discovery o f  A m erica— who was then on 
record as having seen a rubber-y ie ld ing  tree. H ern an d ez  devoted a page 
to the  aMexican ru b b er tree, now called Castilla elaslica, and illustrated 
his account w ith a good draw ing. T h e  six teenth and seventeenth centuries 
constituted a  period o f  incubation in the  history  o f  rubber, a period when 
the  curious were fam iliarizing them selves w ith  the  nature  o f  rubber but 
th roughou t which it rem ained essentially a curiosity  w ithout any particular 
use in  Europe.

R u b b e r  i n  t h e  E i g h t e e n t h  C e n t u r y  

Sources o f  Rubber in the Eighteenth Century

T h e  ru b b er balls brough t back to  E urope  by Colum bus and other 
early explorers, the crude bottles and syringes, and o ther articles found 
in use among the native peoples o f  the  Americas, continued  as curiosities 
in E urope while the first knowledge o f  the  botanical sources was being 
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accumulated. Knowledge of the new material and of the plants that pro­
duce it was slow in development, b u t by the end of the eighteenth centur>' 
four species o f rubber-bearing plants had been identified and described. 
These were two species o f  Hevea, H. brasiliensh and / / .  guiancnsh\ one 
species o f  Castilla, C. elaslica] and an Indian vine» Urceola eluslica.

In  addition, an unidentified Apoc^Tiaceous vine had been reported 
as a possible source o f rubber in French Guiana, as had an Apocynaceous 
vine tentatively named Vakea that had been discovered in M auritius, 
while a mistletoe had been suggested as a possible source in Germany, and 
a milkweed had been studied in this connection in Russia.

'Castilla ulei\ the First Brasilian Source o f  Rubber

T here can be little doubt that many more plants were expl(jitcd for 
rubber by 1800 than had been described, for although by then only the 
first beginnings of European usage had developed, lu tive usage in the 
Americas was centuries old. T he assumption that o f all species of Castilla 
only C. eldstica was tapped is m anifesdy untrue, as other species o f Castilla 
are found in Central America and tropical South America that arc equal 
to C. elastica in }ield and quality of rubber. T he Amazonian specie ,
C. uld, is one o f the highest yielding o f all rubber trees, and presumably 
furnished a predom inant share of the prehistoric rubber in South America.

Switch to 'Hevea'

As Castilla trees were felled and the stands along the rivers became 
depleted, the native tappers turned to other sources o f  latex. Hrcea was 
found to be a suitable alternative, with a latex that was comparatively 
e ^ y  to coagulate. Unlike those ofCastilhy yields of Hcvea increased with 
successive tappings and no advantage was gained from felling the trees. 
T h e  trees continued to bleed when tapped repeatedly, until the trunk was 
covered with burrs resulting from  the constant wounding. T he increa«;d 
yield from  successive tappings encouraged daily tappings, during the dry 
season in  the  annually flooded valleys of the Amazon Basin. In  clearing 
for home gardens, the existing Hevea trees were preserved and more 
were planted. T hus, with the disappearance o f the primeval stands of 
Castilla, Hevea became the first choice of the rubber g a th c rc rs -p a r-  
ticularly near the streams th at constituted the only pathways through the 
jungle.

Other Species o f  'Castilla’
Even in Central America and Mexico, where Castilla ulei is not found, 

there arc several species o f Castilla that might rival C. elastica in rubber 
production. N o comparative tapping tests have ever been made that 
would serve to dificrentiate the species o f Castilla on the basis of com­
parative yield, and no selection within any specics has been made on the 
basis o f growth in cultivation and ability to yield latex in  a significant 
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am ount a t an early age. N o r have any brcediiig tests  been conducted. 
Good yields o f  high-quality  ru b b er were obtained from  other species in 
M exico, Guatem ala, Costa Rica, and Panam a. O nly  C. fa lla x  has been 
reliably reported ;is a non-rubber species w ith  an excessively high pro­
portion o f resinous m aterials in  the latex. T h e re  can be little doubt that 
in the  early days o f  ru b b er m pping, several o ther species o f  Castilla in 
addition to C. ehstica and C. ulei were tapped for ru b b er, and th at all 
were considered to b e  C. elastica.

Eighteenth-ceniury me o f  G uajule
T h e  prehistoric use o f  guayule has already been  poin ted  out. A  Jesuit, 

N egrete, is credited b y  E ndiich (1905) with having observed the country 
boys in M exico using ru b b er balls m ade by the  m astication o f  the bark of 
guaj-ule. Altam irano (1906) records such bails as having been  found as 
late as 1906, and th at the  balls were m ade by  chew ing the bark  o f ‘tata- 
nini’—an am e applied, tn Q ueretaro , to  Parthenium ijicanum and P , lyratum. 
T h u s the record is clear th a t some use was m ade o f ru b b er from  species 
o f Parthmium  in the eighteenth  centur>'; b u t  th e  fam ily, Com positae, to 
which Parthenium belongs, did n o t find a place in  ru b b er literature 
u n til the  m iddle o f  the  n ineteenth  centur)' {1859), w hen  th e  identity  of 
gua>*ulc was first established botanlcally.

The Usage o f  Rubber in the Eighteenth Century
T h e  E ighteenth century was m ore th an  ha lf over before there  was any 

significant interest in the  com m ercial use o f ru b b er; before, indeed, the 
m aterial becam e know n as ru b b er. T h e  English chem ist J . Priestly  is 
quite generally given credit for the observation th a t th is  new  material 
w ould erase pencil m arks. T h e  fact th a t  ru b b er w ould serve as an eraser 
w’ould have to  be considered a ra th er m inor finding i f  th a t discovery 
had  n o t led to its christening in th e  English language. T h e  French 
‘caoutchouc’ and th e  G erm an  ‘kautschuk’ come from  native nam es for 
the  gum  or the trees th at produce it, w hilst the Portuguese ‘borracha’ 
comes from  the  bottles, the  form  in  which the  gum  origimxlly appeared 
on  the  m arket. O nly in English did the  adopted  nam e refer to  a use.

Schurer (1956) states, ‘T h e  year 1770 is m em orable in  the  history of 
rubber. I t  was in  this year th a t  the  m aker o f “ philosophical instrum ents” , 
Edw ard N airne, owner o f  a shop opposite the  Royal E.xchange a t 20 
C ornhill, started  selling small cubes o f  a new nam eless substance which 
he claimed would m ake excellent erasers.’ S churer show s th a t by 1778 
the new m aterial was known popularly  as ru b b er, and  th a t by  1780 a 
great num ber o f  the  erasers were on  sale in  L on d o n  shops.

According to  Schurer, the F rench  were ahead o f  the  English  in  the 
theoretical field, b u t the  only practical application anybody in  F rance  had 
been able to  th ink  o f was for the m anufacture o f cathetcrs, and even these 
had only been produced on  an experim ental scale as laboratory  specimens.



T h e  use o f  rubber for surgical purposes had made little progress in France 
as late as 1791. In  that year the Scottish economist James Anderson ex­
pressed a feeling that it \\ as deplorable that such a marvellous substance 
should find scarcely any other use than for effacing marks or mildly 
am using children who stretchcd it out and observed how perfectly i t  again 
recovered its shape.

R ubber in  toe  N ineteenth Century 

S o u n d  o f  Rubber in the Nineteenth Century
Progress in finding and developing ne>s' sources o f rubber was much 

m ore rapid in the nineteenth century than  it had been previously. Q o u th  
(1903) stated that there were then  more than 400 known rubber-bearing 
plants. C louth classified the rubber-bearing plants into four main groups: 

Euphorbiaceae—tj'pified by Hevea, Manihoty Sapium^ Euphorbia, 
etc.

M oraceae—t>T)iftcd by Ficus and Castilla.
Apocynaceae—t\’pified by Funlumia.
Asclepiadaceae— t>-pified by Crjptostegia.

D uring  the nineteenth century, a differentiation was made between 
the elastic gums, gummi elasticum (rubber), and the plastic gums, gummt 
plasticum (gutta). Also, a fifth large family of plants, the Sapotaceae, 
yielding prim arily gutta, was added to the classification of plants }ieldmg 
rubber and allied gums (including gutta-percha, balata, and chicle).

Brazilian Rubber Production
Bv- far the  most important geographical source o f rubber in the 

nineteenth cem urv was the Amazonian forests of Brazil. For A e  Rubber 
Developm ent Corporation o f the U nited States Government, H olt ( t 9 4 3 «) 
m ade an invaluable summar>- covering the historj- of rubber producoon 
in  the Amazon Valiev. H olt’s account was m the form o f a mimeographed 
inform ation bulletin and is not generally a v a i l a b l e  for consultation >et 
it is o f sufficient historical value to justify a somewhat lengtln quotation. 

The Frenchman, La Condaniine, first scientist to ioumey do»-n the 
Amazon, found Omagua Indians near Iqiiitos using rubbCT botdes or syringes 

made with a hollow reed fi.ed b  the mmith through 'v h r t  m 
squirt\vater. That was in I7 3 5 - The Brazilian words, se rm p  for the H ev«  
tree, ‘seringalista' for the owner of a rubber propertj-, and seringueto for 
the tapper, derive from this origin. „

W h L  Hancock began manufacturing unvutamzed rubber goods m 
England 85 years later, the Hcvea rubber he imported from Para was sail

u t * : ; t e a « ! * n  U . NVm. L. Herndon explored the 
from the headwaters of the Huallaga to the delta, m 1851-52. 
direction of our Navy Department, he found; the most common 'o'™ 
India-rubber of commerce is that of a thick bottle; though it is also frequently



m ad e  in  th ic k  sh e e ts ,  b y  p o a r in g  th e  m ilk  o v e r  a  w o o d e n  m o u ld ,  sh a p e d  like 
a  sp a d e , a n d  w h e n  i t  h a s  a  c o a tin g  su f lic ie n tly  th ic k ,  p a s s in g  a k n ife  a ro u n d  
th re e  s id e s  o f  i t ,  a n d  ta k in g  o u t  th e  m o u ld .  I  s h o u ld  th in k  th i s  th e  least 
tro u b le so m e  fo rm , a n d  th e  m o s t  c o n v e n ie n t  fo r  t r a n s p o n a t io n . ’ H is  ‘Valley 
o f  th e  A m a z o n ’, p u b l is h e d  a s  a  H o u s e  D o c u m e n t  in  1854 , is a  c la ss ic  r e fe ren ce . 

H o l t  s ta te s ,
A lth o u g h  P a ra  r u b b e r  w as u s e d  in  c o m m e rc ia l q u a n t i t ie s  in  E n g la n d , C o n ­
t in e n ta l  E u ro p e ,  a n d  th e  U n i te d  S ta te s  fo r  n e a r ly  2 0  y e a rs  p r io r  to  th e  d is­
co v e ry  o f  v u lc a n iz a tio n  in  1839 , a g re a te r  v o lu m e  w as  u s e d  d u r in g  th a t 
p e r io d  in  B ra z ilia n  p ro d u c t io n  o f  f in ish e d  g o o d s  b y  r u b b e r  ta p p e r s  a n d  th e ir  
fam ilies. E x p o r ts  o f  u m ^ ilc a n iz e d  r u b b e r  u n t i l  a b o u t  1850  c o n s is te d  m o re  o f 
a r tic le s  in  th e  s h a p e  o f  sh o e s ,  bo ttI< ^ , sm a ll  b a lls  a n d  to y  fig u re s , th a n  in  the  
fo rm  o f  s h e e ts , o r  la rg e  b a lls  w h ic h  c a m e  la te r .  T h e s e  a r tic le s  w e re  ‘sm o k ed ’ 
in  th e  p ro c e s s  o f  m a n u fa c tu re  f ro m  la tex .

H olt shows th at a t the  tim e o f  H ern d o n ’s visit to  the  Amazon, the 
volume o f production in the  A m azon had just reached 1,500 tons annually. 
T hereafter production  increased steadily—except for a short period 
o f  speculative control during  1880 to 1883. A m axim um  was reached in 
1914, b u t the  o u tp u t o f  wild Hevea ru b b er never surpassed 34,000 long 
tons in  any year.

D uring  the period covered by H olt, there  was w ide fluctuation in the 
price o f rubber. A low o f 30 cents per lb. on  the  N ew  York m arket was 
registered in  1858, and highs o f  S1.20 per lb. in 1853 and 1854 during  the 
Am erican Civil W ar, S i .18 in 1883 due to  speculative influences, and 
$2.92 in  1910 due to a Brazilian valorization scheme.

T h e  price boom s had the  effect o f increasing the production  o f Custilla 
rubber, m otivating the expansion o f African production  o f  ru b b er, and 
pushing the  production o f  Hevea ru b b er farth er up  the Amazon.

H olt noted th a t Hevea trees in  th e  neighbourhood o f  Para had been 
continuously exploited for a century, and quite  fully exploited since 1870. 
T h e  upper Am azon regions had been exploited to  some exten t since 1880, 
and the Acre T e rrito ry  o f Brazil, and Bolivia, since 1890. Peru  did not 
become a significant producer o f Para ru b b er un til 1900.

H o lt (1943) stated th a t production  o f  ru b b er from  ‘castilloa’ in 
Ecuador and Colom bia first assum ed im portance in the eighteen-seventies. 
Exploitation spread north  and also sou th  in to  the  in terior o f (.olombia. 
M eanw hile Hevea tapping  extended up  the  Am azon and the t^vo met 
below Iquitos around 1885. By 1890, production o f  ru b b er reached 1,000 
tons o f caucho from  Caxtilla in  Brazil. In  Peru, a production  o f about 
500 tons o f caucho yearly was reached by  1900. H olt stated th at caucho 
represented 16 per cent o f the  total ru b b er exports from  the  A m azon in the 
decade ending w'ith 1909, and 22 p e r cent for the decade ending in 1919.

The Discovery o f  Vulcanization
T h e  first great contribution  o f  E uropean  civilization to the  develop­

m ent o f  the uses o f ru b b er was the  discovery o f  vulcanization. P rior to the



advent o f Charles Goodyear, the technology of rubber manufacture was 
largely an extension of tlie native uses developed by ancient Indian customs 
in  the  West. 1 ‘he chief contribution of European culture hitherto had 
been the use of solvents such as turpentine, and the m anufacture of 
raincoats by the application of the dissolved rubber to fabrics,

All articles o f rubber were observed to become sticky in hot weather 
and brittle  in a jld  w-eather; for example, crude overshoes made in the 
tropics and imported intf> commercial channels in America and Europe 
soon became sticky and kist their shape. T he same thing happened to 
rubber articles fabricated in the  small rubber factories of the  time, while 
rubber-proofed garments also became sticky after being exposed to the 
sun.

Charles Goodyear, an American rubber manufacturer and inventor, 
worked on the problem  of making rubber more stable and less subject 
to heat and cold and light. He accomplished tliis, after many failures, 
by the discovery that a  m ixture of rubber and sulphur can be induced to 
react under the influence of heat and that the resulting product w ^  superior 
to raw rubber in its resistance to tem perature and hght. In  view o f the 
heat required to activate the  reaction, this process became known as 
‘vulcanization', in  reference to the Roman god of fire. M odern theories 
o f vulcanization will be discussed later; but historically the process can 
best be understood as the stabilization of rubber by combining w ith it 
small quantities o f sulphur.

As with many basic discoveries, there has been some dispute as to 
who was the real discoverer of vulcanization and as to how much credit is 
deserved bv the discoverer. In  the case of Charles Goodyear, the reluc­
tance to g i\^  full credit has been particularly outstanding. M any chemists 
were concerned with the stabilization of rubber to avoid the changes due 
to light and tem perature, whilst others had blended sulphur with rubber. 
I t  has been stated that vulcanization was discovered by accident, a lthough 
such \ •̂as true onlv to the decree that ‘carelessly’ (Goodyear’s own word) 
overhe^uing a m ixuire o f rubber and sulphur on a hot stove r e s u l t^  m  the 
chemical reaction. I f  Goodyear had not prepared a m ixture o f rubber and 
sulphur, the  accident could not have occurred; and if he had not percewed 
the  change brought about by the application of heat, the  so-called accident 
would have continued to be an  accident, pure and simple, unnoted and 
unrecorded.

The ImpoTlance o f  the Dhcovery o f  I 'ukanization
T h e  discovery of the principle of vulcanization opened up  the entire 

field o f ‘compounding’, involving the mixing o f  m v  rubber with acUve 
and inert ingredients that would affect the subsequent behaviour of the 
rubber. These materials, and sulphur as the  active vulcanizing agent, 
were added to the rubber iu its raw, unvulcanized state. In  that condition, 
the  rubber could be worked and manipulated to incorporate the mixmg 
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ingredients and couki then  be form ed into useful shapes. Submission of 
the shaped material to conrroiled, tlevated tem perature  resulted in the 
stabilization (vulcanization) o f  the  m ixture. T hereafter, the  rubber could 
no longer be m anipulated and its shape could be altered only by cutting 
or abrading.

Rubber Quality in the Nineteenth Century

As the a rt o f  com pounding developed, there  was a  growing recognition 
o f  the differences in the rubbers from  various botanical and geographical 
sources. Real uniform ity in natural ru b b er h;is never been attained, but it 
was not even approached until the  day o f plan ted  ru b b er. T h e  nineteenth 
centur)' was the  tim e o f  wild rubber, and all th o u g h t o f  uniform ity was 
centred on a few o f  the  Am azonian grades. All ru b b ers  were classified in 
com parison w ith up-river-fine, a superior ty\^t o f  Hcvea ru b b er from  the 
sovifhwestcrn portion o f the A m azon basin.

T h e  m ost obvious im purities in  w ild ru b b e r  were s tones and trash, put 
in deliberately by  the ru b b er gatherers to give greater weight, and dirt 
and trash th a t got in to  the  ru b b er m ore o r less unin tentionally  in the 
processes o f  tapping, coagulation, storage, or shipm ent. A less obvious 
defect o f  rubbers was th e  fact th at non -ru b b er substances associated with 
the ru b b er in the latex o f the p lan t were incorporated  w ith the rubber. 
These non-rubber constituents o f  the  latex varied w ith the  botanical 
source, and tiiose m ost com m only found in  the  ru b b er w ere soluble in 
acetone and were known as resins. T h e  resin  con ten t o f  native rubbers 
became the  ch ief index o f  quality  after m aking allowance for d irt and 
observable trash  or added ‘foreign’ materials.

By the end o f  the  century, fine-hard-Para from  the  u pper Amazon had 
become the  standard  for com parison, because o f its excellent qualitj'. It 
had a resin  content o f only 4  to  6 per cent and, in com parison with other 
types o f ru b b er, was rem arkably clean and uniform . O ther rubbers might 
have u p  to  25 o r even 50 per cen t o f  resins and high contents o f d irt and 
trash. T h ey  were soft and sticky and hard to  work in  com pounding. Many 
types o f  rubber were difficult to store because o f their im purities, and 
tended to oxidize and flow even u nder the best o f  storage conditions.

O f  the  hundreds o f  p lants used or tested as possible sources o f rubber 
by 1900, less th an  a score ever produced ru b b er in  significant quantities. 
Yet, a t the  end o f the n ineteenth  century, no pa tte rn  o f  ru b b er production 
had been set and no single ru b b er p lan t had been  estabhshed as the princi­
pal source o f rubber.

First Interest in Planting

T h e  n ineteenth century  saw the first vulcanization o f  rubber, the 
first developm ent o f  specialized m achinery and techniques for manu­
facturing ru b b er goods, the  rise o f  comm ercial trad e  in rubber, and the 
first efforts to  cultivate rubber. Even before the discovery o f  vulcanization, 
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inJividuals throughout the world, impressed by the growing importance 
of the new product, were giving thought to its production on  plantations.

T h e  first plantings succeeded b u t were not directly motivated by the 
discovery o f  vulcanization. Plantations of Castilla w ere started in Mexico, 
where C. elastka is native. Hevea was planted in  Brazil, and towards the 
end o f the century Fm tim ia elastica (formerly known as Kicksia ekstica) 
was planted in Africa, whilst Ficus elastica was planted in India, The 
earliest plantations o f  significant size were started in Brazil and Mexico. 
M any thousand.s (>f trees were planted; but lack o f technical knowledge, 
together with governmental instability, caused the failure of the Brazilian 
plantings. T he same causes, plus the rise o f speculation, brought about the 
failure o f  the  Mexican ventures— even those th a t were honestly designed 
to  produce rubber.

Introduction of'Hevea^ into the East
T h e  first significant contribution to rubber cultivation was made when 

English officials first succeeded in transporting Hevea brasiliensis from 
Brazil to the East, w'ith an intermediate stop at Kew Gardens in England 
for the germination of the seed. H enry Wickham played the immediate 
role in  gathering the seed and arranging for its transportation to Kew. 
T h u s  his name has been associated in an important m anner w ith the event, 
and he was later knighted and finally granted a special pension in  recogni­
tion o f his services.

T h e  frequently told story of how Wickham gathered 70,000 seeds and 
smuggled them  out o f Brazil need not be repeated here. T he implication 
th a t W ickham exported the seeds in violation of Brazilian laws has been 
denied on the  basis that there was no Brazilian law that would have pro­
hibited the export o f the seed. Such laws came into effect later, when 
W ickham’s seeds had already been exported; and the fact that W ickham 
labelled the seed as valuable botanical specimens was instrumental in 
avoiding delays in sailing that might have proved fatal to  the  seed.

I t  is interesting to note, and important, that some of the trees from 
which \\'ickham  obtained seeds are still Uving in the Amazonian jungle on 
the Tapajos river. One Brazilian native was still alive in  1957 who, as a 
child, assisted in the collection o f the seeds. T h u s  the life o f a  smgle 
person spans the entire course o f the successful rubber-planting m dustry 
up  to  the present. Tw o decades followed the importation o f Hevea m to 
tlie East before there was any significant planting of rubber. M any 
persons now living were associated with the first efforts to  establish 
rubber-grow ing as a new plantation enterprise.

Development o f  Spfcialized Planlation Techmques
T h e  m neteenth centurv saw three im portant contributions to the 

new rubber plantation industrv. T h e  first of these was that descnbed 
above, the transfer o f  Hevea from  the W est to the  East. T he other t^vo



contributions were the discovery o f  an adequate tapping  system, and the 
discovery of a suitable m ethod o f  coagulating the latex. Both o f these 
processes (tapping and coagulation) liad been accom plished by native 
metliods in the forests o f Brazil; b u t although such native systems were 
ingenious and effective, they  were not suited to use on plantations.

The N ath e System o f  Tapping in B razil
T h e  native m ethod o f tapping  in the  A m azon jungle was to use a 

long-handled, narrow -bladed hatchet (m achadinho) to cu t out small seg­
m ents o f  bark. T hese cuts were m ade near to  those o f  the previous day, 
and several incisions would b e  m ade on each tree  cach day, the  nnm ber 
depending on the size o f the tree. Receptacles fashioned originally from 
leaves or clay, and later made from  ceram ics or tin , were attached to the 
tree under tiie cuts, to catch the  latex th a t oozed from  them . T h e  flow 
from  a tree would be very small when tapping was first started, but 
increased on subsequent tappings.

T h e  cuts were m ade through the barl: into the wood o f  the  tree and re­
su lted  in ugly wounds and the form ation o f  large b urrs, such  as those shown 
inP la te  2(a). T hese  excrescences eventually m ade it difficult to tap the trees, 
though tapping  w ith the m achadinho could be continued  until the tree 
surface was completely covered w ith these burrs. .Such tapping  would 
ru in  cultivated trees and force re-p lan ting ; however, in the  jungle, the 
tapper could m erely abandon the  m altreated trees. T o  the  relatively 
small band o f tappers in  the im m ense A m azon Basin, the jungle seemed 
inexhaustible; the  need for conservation did not occur to them .

Ridley’s Tapping System
Some^ 2,700 seeds from  W ickham ’s collections arc  said to  have ger­

m inated and been sen t to the  East in W ardian cases,* b u t the  m ost im­
portan t to  the resu ltan t seedlings were the  tw enty-tw o th a t were received 
at the Singapore Botanic G arden  on  11 Ju n e  1877. P rogeny o f  these trees 
later played an im portan t part in the developm ent o f  the ru b b er plantation 
industry  in M alaya, and it is p robable th at the  tw enty-tw o trees themselves 
played a m ore im portan t p art in the  developm ent o f  the rubber-planting 
industry  than any o ther group o f  trees th en  or since. A fortunate  factor 
in this early im portation was th at H . N . Ridley becam e D irector of 
G ardens and Forests in  the S traits S ettlem ents, s ta tioned at Singapore, 
in 1888, after the trees had reached m aturity . H e  was possessed o f a natural 
curiosity th a t im pelled him  to experim ent w ith this new tree to find the 
best m eans o f making it useful.

R idley was honoured on  his h undred th  b irthday  in 1955 for his great 
contributions to the  rubber plantation industry. T h e  honours were rieiily 
deserved, as progeny o f  his original tw enty-tw o trees furnished a large

•  Covered packing cuses for tran-sporting living plants. Designed to allow control 
of moisture, humidity, and ventilation.



share o f the foundation for the millions o f acres of planted rubber in the 
East. W e arc interested here in one of Ridley’s m inor accomplishments, 
though one that has had profound influence on rubber plantation, prac­
tices. H e, it was, who demonstrated that it was possible to reopen a 
tapping cut and gradually pare away all the bark rather then leave num­
erous strips and small, isolated sections of untapped bark as was the  custom 
in Brazil. T his was the first complete departure from the rubber-production 
techniques of the native tappers in the Amazon. I t  allowed rubber farmers 
to take greater advantage of the increased flow resulting from repeated 
tapping; allowed for conser\’ation of the bark resources of the tree; 
perm itted the development of controlled depth of tapping to avoid 
wounding the cambium layer; and provided a basis for tapping and re- 
tapping the same surface, thus allowing fresh, smooth bark to grow to 
appropriate thickness on one panel while a panel on the opposite side of 
the tree was being tapped (P)ate 2{b)). N o t all of this was the direct 
contribution of Ridley; but he (1910) demonstrated the method and made 
the subsequent development possible.

The N iilive Method o f Coagulalion in Brazil
T h e  third great contribution to rubber production made in the East 

was the use o f acetic acid to coagulate the latex. T he Amazonian m ethod of 
coagulating the latex a t the time of W ickham's seed-gathering exploit was 
to drip  the latex onto sticks that were then revolved slowly over smoky 
fires (Plate ^{u}). T he heat and smoke served to coagulate and partially 
dry the rubber. T his method of coagulation was effective under jungle 
conditions, and had the advantage that it required no materials that were 
not present in the jungle.

Cougulutiofi with . ii'etic Aciil
Coagulation of rubber by this smoking process was effective in  the 

jungle where transportation was a problem, where perm anent installations, 
such as coagulating sheds, were not available, and where sheetmg equip­
m ent w;is unknown to mneteemh-centur>' tappers. But such a process was 
not suitable for u.se on plantations. W'hile many mvestigators sought to 
Improve the smoking process for plantation use, others sought alternative 
m ethods o f handling the latex. A significant development was the use of 
acetic acid to coagulate the latex. Formic acid has smce rep aced acetic 
acid on many plantations, but for many years acetic acid was the standard 
coagulant.

Siammiry o fR iM er in the Niriehvrtlli Century
T he nineteenth centur\- saw rubber tranrfnrraed from a curiosity, used 

cliicflv as an eraser, into an important commercial and industrial product^ 
Annual consum ption expanded from a negligible am ount to thousands ot 
tons. T h a t century saw trem endous advancement m  scientific knowledge 
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and technical developm ent. I ts  prim ary  contributions to  rubber develop­
m ent were: ( i)  the discovery o f vulcanization, (2) the  im portation of the 
Hevea rubber tree into the East, and (3) the in troduction  o f  new methods 
o f  tapping and latex coagulation. T h e  n ineteenth  century  also contributed 
the  beginnings o f  d ie autom obile industry  th at since then  has been respons­
ible for the ever-growing dem and for m ore and m ore rubber. As will 
be discus.<;ed later, tlie nineteenth  cen tu ry  also con tribu ted  knowledge of 
the  chemical struc tu re  o f the ru b b er molecule. T h e  first rubber-like 
material was synthesized artificially in  th e  n ineteenth  century, though 
m ore th an  a half-century m ore was to elapse before such  synthesis would 
first rival plantation production.

R l ib b e r  i n  t h e  T w e n t i e t h  C e n t u r y

In  the  tw entieth  century, ru b b er suddenly  assum ed an expanded 
im portance because o f  the  developm ent o f  the autom obile and its need for 
t>Tes. T h is  affected com pounding techn iques; caused the  all-out ex­
ploitation o f ever}’’ know n sourcc o f  wild ru b b er  and intensified search for 
new  sources; encouraged efforts to  cultivate rubber-bearing  plants; 
and m otivated chem ical research in to  the  phenom enon o f  elasticity and 
in to  m ethods o f  s jn thesiz ing  new m aterials w ith the  elasticity o f natural 
rubber. In  the tw o world wars o f  the tw entie th  century , ru b b er has been 
found to  be a necessity to  national survival. In  peace, it has become essen­
tial to the enjoym ent o f  the conveniences and  am enities o f  m odern life.

Cultivated v . JVild Rubber

T h e  first h a lf  o f the tNventieth century  saw  a com plete revolution in 
rubbcT production. W ild ru b b er, th a t had reigned alone at the tu rn  o f the 
ccntur)-, was equalled by cultivated ru b b er in 1912. T hereafte r, the pro­
duction o f cultivated ru b b er doubled and redoubled. T h e  production of 
wild ru b b er did not stop. I t  failed to  expand and, by s ta n in g  still, lost 
the race to the rap id ly  expanding agricultural p roduction . T h e  low cost 
o f  the  fiirm -produced ru b b er and its higher quality  led first to the dis­
appearance o f  the wild African rubbers from  the  m arket and then  to a 
d im inution in  dem and for A m azon ru b b er except for cable m anufactiue, 
where its use had become standard  practice and there  was a preference 
for it bccause o f its superior ex trusion  qualities. A t the  beginning of 
W orld W ar I I ,  the  production o f  wild ru b b er was a t a low ebb, being 
continued only by stranded populations w ith no o ther recourse for a cash 
crop, and still u nder the dom ination o f ‘ru b b er barons’ who survived by 
exploiting the  fives o f  disease- and d eb t-rid d en  natives.

The End o f  Wild Rubber

W orld W ar I I  m arked the last effort o f  the w ild-rubber industry . Not 
the  least engrossing o f the  many tales o f  ru b b er production was the effort



o f the Rubber Development Corporation of the U nited States Govern­
m ent and agendcs o f the governments o f  Great Britain and France to find 
new sourccs of this strategic commodity outside of the areas overrun by 
the Japanese, Every wild plant o f any rubber-bearing species that am id  
be located was tested and, if possible, exploited. So skilful was the organi­
zation of the modern exploitation, that the best production o f wild sourccs 
was surpassed. Never had the  wild plants o f Hevea, Mascarenhusia^ 
M anihot, Castilla, Purthciiium, Landolphia^ Ficus, etc., j'ielded so abun­
dantly. ^ s t  was not the controlling factor; yet the over-all cost of all of 
these projects was remarkably low'.

WTieii the shooting stopped and the world again resumed some sem­
blance o f normal international relationships, it was found that wlld- 
rubber gathering could no longer compete with plantation production. 
Synthetic rubber also had entered the scene to enlarge the field of com­
petition. Some countries where the production o f wild rubbers was an 
essential portion of the livelihood of resident populations, wCTe forced to 
support the price of wild rubber as a temporary measure to give employ­
m ent to the rubber gatherers. Bolivia, Peru, and particularly Brazil, were 
forced to  subsidize the production of wild rubber even after it was possible 
to  im port Eastern rubber for much le ^  than  the production cost of the 
native rubber. From  a monopoly position at the beginning of the cen tu ^ , 
wild rubber gathering had slipped to a negligible production by m id- 
century, and had been unable to hold its own even while the needs for 
rubber increased far beyond what could have been imagmed m  1900.

T h  Plantation Industry
T h e  rubber plantation industry discarded its swaddling clothes when 

it first equalled the wild rubber production in 1912. From  that time, it 
grew at a rate equalled onlv bv the giants of the industrial age. R estn aio n  
program mes by the British in the nineteen-twenties, and by international 
agreem ent o f the British, D utch, and associated independent countries 
in  the nineteen-thirties, were adopted in order to restram  the uncontrolled 
expansion o f planted rubber. Japanese invasion of the  rubber-plantation 
areas o f the Far East cut off even the meagre expansion allowable under 
the international restrictions.

T h e  increase in the need for rubber, however, did not cease. 1 he 
recent world w ar itself, with its immense problems of movement of men 
and materials, increased the need for rubber. At that time, more than a 
half-centurv o f research camc into fruition. Acceptable t\-pes of synthetic 
rubbers became available to supplem ent the natural product m m eeting 

the  demand.

Dct'i'lopme'til o f  Synthetic Rubber
T h e  spectacular and almost unbelievable development o f the atom 

bom b during W orld W ar I I  overshadowed m any techmcal developments 
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that contributed to the survival o f  tlic allied world. T h e  developm ent of a 
successfui synthetic rubber industry in w ar-tim e in the  facc o f critical 
shortages o f  m aterials, measured against any o ther standard  tliari the 
atomic bom b, would be recognized as one o f the outstanding  scientific and 
engineering accom plishm ents o f  all tim e. F ro m  a negligible production 
(in term s o f  tonnage) at the beginning o f  the  war, the production of syn­
thetic rubber was expanded to a total o f  866,069 tons in 1945 and, of this 
total production, 87 per cent, or some 756,040 tons, was general-purpose 
synthetic co-polym ers o f  butadiene and styrene, known as G R -S .

Continuing N fed  fo r  N atural Rubber

T h e  trickle o f  natural ru b b er th a t reached the allied nations during the 
war, made it necessary to make full use o f  the  expanding production of 
synthetic rubber. M eanw hile, L iberia and O y lo n  contributed  fresh 
supplies o f  natural rubber. W ild and cultivated ru b b ers  from  the America.s 
and Africa m ade it possible to use m uch greater am ounts o f the  synthetic 
rubbers than  w ould have been possible w ithout the natural product. 
Synthetic rubbers helped to s tre tch  the supplies o f  the natural product 
to  the m aximum. Nevertheless, before the stockpile o f  natural rubber in 
the  U nited States could be replenished from  recap tu red  sources o f  supply 
in the East, it d ipped far below the  m inim um  level o f  70,000 tons es­
tablished by the Baruch Report.

Natural and Syuthetk— N ot N atural v. Synthetic

T h e  first ha lf o f  the  tw entieth  cen tu ry  has seen the death  o f the wild 
rubber industr}', spectacular grow th o f  the p lan tation  industry , and the 
b irth  o f  the  giant syn thetic-rubber industry  that, in a few years, is already 
supplying a th ird  o f the  w orld’s needs for ru b b er and is nearing a half. 
T h is  has resulted from  a trem endous increase in  the needs for rubber, 
im proved techniques o f m anufacture, and increased knowledge of the 
struc tu re  and reactions o f  ru b b er and allied substances. As the plantation 
and. m anufacturing industries a re  now joined in supply ing  raw  materials 
for the  rubber industry, they already m ust m ake way for the fast-gn'w ing 
plastics industry  th at is using m any o f  the same technieiucs o f synthesis 
and m anufacture th at are  used in the ru b b er industry.

T h e re  is bound to be a continuing  com petition betw een natural and 
synthetic rubber. I t  is inevitable th a t th ere  will also be competition 
betvieen rubber and plastics for borderline uses. T h e  main cffect is to 
provide a wide range o f  industrial raw  m aterials, closelv allied in processing 
requirem ents and cheraic^al s tru c tu re  b u t w ith an infinite variety of 
industrial chaiacteristics— hard, soft, elastic, resilient, transparenr, 
translucent, opaque, strong, w ater-resistant, heat-resistan t, acid-resistant, 
and on  and on in  an  alm ost endless list o f  qualities to  m eet needs that in 
m any cases did not evert exist un til these new m aterials were available 
to fill them .
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I n t r o d u c t io n

Plantation and Factory
N e a r l y  all of rhe natural rubber that is  produced in the world com K J 

from  the Para rubber tree. Only a trickle of natural rubber from other 
botanical sources continues to reach the market, and even the \n ld  Para 
rubber from  Brazil constitutes less than i per cent of the world’s total 
rubber output. Today rubber is almost entirely the product o f hum an 
industries—plantations in the tropical regions of the world and factories 
elsewhere.

T h e  important role of factories in the production o f rubber will be 
detailed elsewhere. Here we are concerned with plants, the li\nng fac­
tories of nature, rather than with the artifices o f man.

Sources o f  Natural Rubber
T hough natural rubber is essentially the product o f only a single 

species o f plant, there are thousands of species that contain rubber. 
Ho\n ever, many o f these contain only traces of the subsmnce. T h e  Htrvea, 
or Para, rubber tree contains less than i per cent o f rubber. T h e  gua\iile 
rubber plant, Partbenium argentauim Gray,* has been reported to have a 
rubber content as high as 25 per cent of dr>'-weight, and the tau-saghyz of 
Russia, Scorzonera uw-saghyz Lipschitz & Bosse,* may be even ncher-m  
rubber.

CULTIV.ATED SOURCES OF R i -BBER

Hevea
Hn-eu is a genus of South Am eriran trees belonging to the dicotv-lc- 

donous family Euphotbiaceae (spurges, etc.) and native to the Amazonian 
drainase basin. T h e  chief rubber tree of this genus is H evta brasikenm  
(Willd" ex A. Juss.) M uell.-Arg., that is now under cultivation on some
I I  210 000 acres o f  land, o f  which 10,508,000 acres lu-e concentrated in a 
comparativelv small area within 15 degrees latitudmally and longitudmal y 
o f  Singapore' T here  are small plantings in Tropical Amenc.x and sizeable

*\See footnote 011 p. 4

31



/
RUBBER

plantings in Africa. T h e  acreages o f H rjea  p lantation ru b b er in  the  various 
countries, as compiled by the International R ubber Study G roup (195S), 
are shown in T able  II.

T A B L E  II

ACRE.-IGE OF PLANTED N m a  BY GEOGRAPHICAL AKEA AND COUNTRY •

C oun try  A cres C o u n try  Acres
Asia

M alava 3^^7yOoo In d ia  207,240
Indonesia 4,429,283 B ritish  N o rtli B orneo  128,477
C eylon 659,247 B u rm a  115,138
T h a ilan d  839,600 B runei 30,575
V ie t-N am  and  C am bodia 307,937 P h ilip p in es  8,352
Saraw ak 265,000  P o rtu g u ese  T im o r  j-oo

T o ta l in  A s ia .................................................................................................................. /o ,50^,000

America
B razil 37'^^S  O th e r  A m erican  countrie.s

T o ta l in  A m e ric a .................................................................................................................. i'o.ooo

A frica
N igeria  25T,ooo F re n c h  C am eroons 2/,000
B elgian C ongo i 97>375 O th e r  A frican  coun tries
L ib eria  IS5,000

T o ta l in  A fr ic a ..................................................................................................................... 622.000

O ceania
P apua  26 ,197  O th e r  O cean ian  coun tries

T o ta l in  O cean ia ....................................................................................................................jo,ooo

T o ta l in  W o r ld .......... ....................................................................................................11,210,000

♦ D a ta  taken  fro m  Rubber Statistical BuUetin^ A p ril 1958 {Intermtional Rubhtr 
Study Group, igs^). Ita lic  fig\jres a re  p a rtly  estim ated .

Custilla

Castilla is a genus o f  trees belonging to  the  dicotyledonous family 
M oraceae (m ulberries, figs, etc.). T h e  species are  found in  southern 
M exico and Central Am erica, on the  w est coast o f  tropical South  America, 
and in  the  A m azon Valley. R eports  o f  cuhivation  have been limited to 
Castilla elastica Cerv., b u t m any plantings have consisted o f  o ther specics. 
T h e  large p lantings m ade in M exico in the  early days o f  ru b b er cultivation 
were prim arily  o f  C. elastica \ b u t early plantings in H aiti consisted of at 
least th ree species.

Ficus

Ficus is a  large genus o f p lants belonging to  the  same family Moraceae 
and widely d istributed in  the  tropical and subtropical portions o f the 
world. O nly one species, Ficus elastica R oxb., has been cultivated ex­
tensively for rubber, though ru b b er has been obtained from  wild plants



o f several other species. In  the early days of rubber planting, a considerable 
acreage o f Ficus w^s planted, but in. m ost areas it soon gave way to Hevea. 
T h e  International Rubber Study Group (1956) reported 1,950 acres 
(789 hectares) of Ficus rubber trees in 1956 in the M andated Territory 
o f New Guinea.

Manihot
Manihot is a small genus o f  South American trees belonging to the 

family Euphorbiaceae. These trees are mostly native to the arid sections o f 
Brazil, and cultivation was attempted mostly in areas that were too dr>' for 
Hevea. T h e  most extensive plantings were in the former German East 
Africa, where some 112,000 acres were reported in 1912. T h e  chief species 
was the Ceara rubber tree, Manihot glaziovii M uell.-Arg., b u t plantings 
were also m ade o f M . dtchotoma Ule, Af. heptaphylla Ule, and M . piau- 
hyensis Ule. L ittle  difficulty was experienced in the domestication of 
M . glazioviiy bu t the  tree was more difficult to tap than Hevea, and the 
yields were low.

Funtumia
Funiumia is a genus of African trees b d o n ^ n g  to the family Apoc>Tia- 

ceae. Funtumiu elastica S tapf is the only species that has been exploited 
as a source o f rubber. Funtumia was planted extensively throughout the 
tropical portions o f Africa, and some 14,000 acres were reported in 1912.

T h e  advantages claimed for Funtumia were that it could survive and 
flourish where the climate was too drv for Hevea; th at it was less subject 
to  damage from  insects than Hevea\ that it needed to be tapped only once 
or twice a year; and that the latex could be coagulated easily by boiling. 
Its  obvious' defects were that up to  twenty years were required to  brm g 
a planting into full tap, and that even then the p e ld s  of a few ounces of 
rubber per tree per year were too low to justify tappm g except w hen prices 
were high.

Parthenium
Parthenium is a  genus o f herbaceous and wooay plants belonging to  the 

family Ciimpositae (daisies, dandelions, sunflowers, etc.). M em bers of 
the genus arc found widely distributed in N orth  America and the West 
Indies. T h e  only im portant species from  the standpoint o f rubber pro­
duction is guavTi'le, Parthenium argentatum Gray, a desert shrub native to 
parts o f northern Mexico and southern Texas. , ,  ^

G uavule was planted bv the Intercontinental R ubber Company in 
M exico in the earlv part of the present centnry, but revolution torced the 
transfer o f the plantings to the U nited States. By 1931. a 8  ® o
acres o f guayule, which was harvested for rubber b u t not replanted b fr 
cause o f the prevailing low prices o f rubber, had been planted. D unng 
W orld W ar I I ,  the U nited States planted 32,000 acres o f guayule. A lter 
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the  war, cheaper rubber became available and the giiayule was ploughed 
up  without han-'csting the  rubber. Research on gua>ule cultivation has 
been discontinued in  the U nited  States, b u t field plantings arc being made 
in  Spain and Turkey.

Russian Rubber-Bearing Root Crops

T h e  Russian rubber-bearing  dandelions, kok-saghyz {Taraxacum 
kok-saghyz Rodin) and krim -saghyz {T. megalorkizon Hand.-Mzt.), 
and the Russian rubber-bearing  salsify, tau-saghyz (Scorzonera tau- 
saghyz L ipschiiz & Bosse), are all m em bers o f th e  same family Compositae. 
T hey  were supposedly planted on  a large scale in R ussia before and during 
W orld W ar I I .  How ever, no reliable inform ation  is available as to the 
acreages planted or the  ru b b er produced. A fter the  outbreak  o f war, the 
G overnm ent o f  the U .S .S .R . furn ished  the  U n ited  S tates with several 
tliousands o f  pounds o f  seed o f  kok-saghyz, and  w ith experimental 
quantities o f seed o f  k rim - and ta u -sa g h > 'Z . Plantings were m ade in fort}'- 
one o f  tlie then  fortj^-eight states o f  the  U n ited  States, and commercial- 
size plantings were m ade in  a few selected areas. T h e  plantings were 
discontinued a t the  end o f  the war.

R u b b e r - B e a r i n g  P l a n t s  N a t i v e  t o  A f r i c a

T h e  forests o f  Africa are  rich in  rub b er-b earin g  trees, climbers,' and 
shrubs. M any o f the  rubber-bearing  clim bers th a t grow  in  the  humid ■ 
forests as true lianes, clim bing to the  tops o f  even the  tallest trees, become, 
shrubby clim bers in  the open forests and m ere sh ru b s  in the  savanna . 
grasslands. T h e  m ost im portan t rub b er-b earin g  tree  here is FunUmk , 
elastka Stapf, and the Landolphias are the m ost im portan t rubber-bearing 
clim bers. W hitford & A nthony (1926) reported  on ru b b er production in 
Africa.

Funtumia

Funtumia elastka S ta p f (Plate 3 (i)) belongs to  the fam ily Apocy naceae. 
I l  IS native to portions o f  the  Congo, the  C am eroons, G hana, the Ivorv 
^ a s t ,  L iberia, Nigeria, S ierra  Leone, and Uganda. A second species of 
Funtumia^ F . latifolia S tapf, occurs in  the forests o f  U ganda b u t is not an 
im portan t source o f rubber. T h e  Funtumia trees were lapped usually bv a 
double herringbone system  consisting o f  a central vertical chaimei with 
k te ra l oblique channels draining from  both sides in to  the m ain channel, 
lap p in g  cuts were continued high up the tree, often to 50 feet above the 

ground. In  Sierra Leone, the  custom  was to  fell the  tree and ring it at 
rrequen t intervals to get the m axim um  am ount o f  ru b b er possible. A 
rolling pricker was often used to i n tT e a s e  t h e  dep th  o f the tapping cuts and 
so increase the  flow o f latex.



Several methods o f coagulating the latex were used by  the native 
gatherers i>f wild Funtumia rubber. In  the Gold Coast (now Ghana), a 
shallow, oblong trench was dug in the ground and lined with moist clay 
to m ake it partially waterproof. T h e  latex was poured into this trench 
and allowed to coagulate naturally. After coagulation, the rubber was 
taken from tlie trench and allowed to dry. I t contained a high percentage 
o f serum , and on fermentation developed offensive odours. Some natives 
added latex from (jther plants to the Funtumia latex, to increase their yield 
without regard to quality.

T h e  juice o f limes and other fruits were also used as coagulants in 
the Gold Coast, and tannic acid o r  mercuric chloride were so used in 
Uganda. In  the Congo, the latex was diluted and left to coagulate naturally, 
and when the rubber rose to the surface, it was skimmed off, w'ashed, 
drained, and kneaded until dr\'. In  Sierra Leone, the coagulation was 
brought about by heating the latex in a pot, after which the freshly 
co p u la te d  rubber was placed between leaves and stamped with the feet 
into rough sheets. These sheets were cut into strips and hung to dry in die 
nativ^ huts, where they also got the advantage o f the wood fires.Govern- 
m ent encouragement was offered to the natives in the Gold Coast to keep 
the latex pure, to strain it, and to obtain coagulation by boiling.

Mascarenhasia
T h e  genus Mascarenhasia also belongs to the family Apocynaceae, 

Mascarenhasia elastica K .Schum . is a rubber-bearing tree native to  Kenya, 
M adagascar, and Mozambique. In  Kenya, it is known as the ‘mgoa’ rubber 
tree and is found in the forests o f  Siiimba Hills. I t  is not abundant bu t the 
rubber is o f good quality'. In  Mozambique, M . elasttca was said to be the 
source o f about half of all the rubber produced north o f the Zambesi river.

Several specics o f Mascarenhasia were exploited for rubber in 
M adagascar. M . arborescens A.DC. was reported as the source of m ost of 
the  rubber from  the west coast. I t  was known under the native names 
o f ‘barabanja’, ‘guidora’, or ‘guidorandano’. T he  India R ubber Journal 
(1Q04) stated that in Madagascar the black rubber came from  M ascaren- 
hasias, the pink rubber from  Landolphias, and the white rubber from 
Euphorbia intisy. Particular mention is made o f three Mascarenhasias, 
M . lisianthifolia A .D C ., growing in dry soil, M . anceps Boiv., growmg m 
dam p soil, and M . longifolia Jum ., inhabiting wet so il.. , . ,

T h e  latex o f  the M ascarenhasias was coagulated with a decoction ol 
tam arind, the latex being poured into the extract to ensure complete 
coagulation. A 3 per cent solution of sulphuric acid was said to be capable 
o f coagulating ten times its volume of latex.

Jum ellc & Perrier (1918) list Masoarenhasta angusttfoha A .D C , 
M . arboresceits A .D C ., and M . lanccolata A .DC., as occurring north of 
Vohem ar in  Madagascar. Thev reported that M . velutim  Jum . was the 
source o f m ost o f the rubber coUected in  the eastern portions ot



M adagascar, where it was known as ‘guidroa’, and described ‘guidroa’ as 
a small tree 5 to 6 yd, high with a trunk  6 to  8 m . m  diam eter. After tap­
ping, the latex coagulated on the tree and the ru b b er was stripped off 
and wound into balls. T h e  ru b b er was o f  good qualit)'.

Costatin & Poisson (1907) reported on  the  collection o f rubber from 
‘kokom ba’ {Ai. g en ji Costatin) and ‘kidroa’ (.Ai. kidroa Costatin). The 
rubber was obtained from  the roots, w hich were gathered and exposed 
to the sun to coagulate the  latex. T h e  roots were next beaten w ith a piece 
o f  hard wood to  separate the  bark which contained the  rubber, and the 
bark was then  pounded to  a inass and a ften \'ards boiled in water to elim­
inate the free bark. T h e  boiling and beating were repeated  once or twice, 
and the  strands o f extracted ru b b er were then  m ade up  in to  balls.

Ficus
T h e  genus Ficus belongs to the  family M oraceae. Ficus yogelii Miq. 

was the ch ief source o f  Ficus ru b b er in Africa. O ther species were ex­
ploited b u t the p roduct from  them  w'as inferior. T h e  low-quality rubber 
from  F . vogelii was known as ‘kobo’ in  G am bia and ‘m em luka’ in  Ghana. 
T h a t from  Nigeria was sh ipped as ‘balata’, and th a t from  Togoland was 
known as ‘sa}^’ or ‘T ogo lum p’. According to  Agronom ic Tropicale 
(1912), F . platyphylla D elile was the  source o f a hard , resinous material 
resem bling g u tta  th at was known as ‘red kano’ and cam e from  the  Kano 
d istric t o f the N o rth ern  Provinces o f  N igeria.

Landolphia
T h e  Landolphias, chiefly vines and clim bing shrubs, belong to the 

family Apocynaceae and were im portan t sources o f  ru b b er in  all parts of 
tropical Africa. T h e  m ethods o f  obtain ing  the  ru b b er and coagulating the 
latex varied greatly, as did the qualit)' o f the  rubber. T h u s  some of the 
Landolphia ru b b ers  were well prepared  and  clean, whereas others were 
d irty  and  contam inated. T h a t  from  F rench  G uinea, in particular, was 
reported  by  W hitford  & A nthony (1926) to  be poorly prepared and adul­
terated by the addition o f extraneous substances such  as inferior gums, 
oranges, stones, and water, which w ere secreted in  the  balls during pre­
paration for the  m arket. Because o f  the  resu lting  notorict)-, the rubber from 
F rench  G uinea becam e alm ost unsaleable w hen prices were down.

M ore than  tw enty species o f Landolphia were exploited in  Africa and 
M adagascar in the hey-day o f  wild rubber. Som e produced root rubber 
th a t  entailed digging the  p lan t and  using both  roots and stem s for extrac­
tion o f rubber by m aceration rather th an  by bleeding.

Landolphia orpariensis Bcauv. is the  m ost w idespread o f  the Landolphias 
and, next to Funtumia elasticu, was the  m ost im portan t rubber-bearing 
p lan t o f  Africa. I t  occurs in  Angola, the  Congo, D ahom ey, G hana, the 
Ivory  G jast, L iberia, Nigeria, N orthern  Rhodesia, S ierra  L eone, Southern 
Rhodesia, and Togoland. I t  was the ch ief rub b er-b earin g  clim ber in all
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o f these areas exccpt in the Congo where it was exceeded by L . kirkii 
D yer and in the  Ivory Coast where it was equalled by L. heudehtn  A.DC..

Landolphia kirkii was the foremost rubber-producing climber of 
Angola, the Congo, Kenya, Mozambique, and Nyasaland. L . heudelotii^ 
in addition to ranking with L. owariensis in the  Ivory Coast, was 
the foremost rubber vine in Gambia, Senegal, U pper Senegal, and 
N iger. L . perrieri Jum . was the foremost Landolphia in Madagascar.
L . s iokii Busse and L . dondeensis Busse were im portant for rubber pro­
duction in Tanganyika, as was L . dawei Stapf in Uganda. L. klainii Pierre 
was the foremost source o f ‘vine’ rubber in the Cameroons and was a 
supplem ental source in the Congo, Ghana, and Mozambique. L. thollonii 
Dew. and L . parvifolia K . Schum. were important sources of root rubber 
in  Nyasaland, and the former v>as also a source of root rubber in Angola 
and the Congo. L. florida Benth. was widespread, but the rubber obtained 
from  it was of poor quality. However, Chevalier (1906) held that this 
clim ber was identical with L . dajpei, which is an important source o f good 
rubber in Uganda.

T h e  species o i Landolphia mentioned above are the source o f the major 
portion o f  the vine rubber produced in Africa. Moyle (1942) listed a total 
of fift)’-one species of Landolphia that have been described as sources of

rubber. . , , 1
Rubber was obtained from the Landolphia plants by several means. 

In  the rainy season, or in moist locations, the climbers could be tapped 
by slashing them  at random  without any particular tapping pattern. 
T h e  latex flowed out and was caught in suitable receptacl^  and coagulated 
by means of acids or fruit juices. In  dry weather, or m  the more arid 
locations, the latex coagulated too quickly to run  off m to a receptacle. 
In  such circumstances, the latex was allowed to dry on the vme and then 
was stripped o tfan d  wound into balls. In  some areas, where the latex was 
not too fluid, a small quantit>- of it was smeared on  the ^  
tapper. As soon as it \\ as dry, it was stripped off and rolled into a ball, 
which was then used as a nucleus for collecting more rubber from the 
clim ber. For such collection the ball was held against the gum my latex 
in the  cut and, bv using a circular motion, was used to collect the latex into 
a larger and lar-er bail. Both the roots and stems were used to produce 
the so-called roo^ rubber. T h e  plant was cut down and the n>ors were dug 
up. Stem  and roots were then cut into small pieces, which N^ere later 
s L e d  in water for several weeks. T he  bark was
pounding, and the n .bber was sepanited fmm  the bark bv a lte ™ «  
pounding and washing. Finally, the strands of rubber so obtam ed u e re

' " ' ' l l m c t  & Josse ( ig i2 )  made a study of the latex o f various species of 
U n J M m  oeeurnng in Madagascar and made eompansons w .th that ot
O y p t o L v a  madugascamnm Boj. and ftom
r C y  found, in the latex of m j J u g a s r u r m  K .Schum ,, from
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6 to  25 per cent o f rubber, based on the wet-w cight o f  the  latex, in t in t of 
L  perrieriU m . from 4 to 17 per ccnt o f rubber, and  in  th at o f splmm. 
cirpo  Jum . from  18 to 26 per cent o f  rubber. T h e  latex o f Crjptottegu 
m aa m carim sis  contained 15 to 20 per cent ot rubber, «-bile that of 
Mars'denk verrum a  contained from  10 to  12 per cent ot rubber.

H am et (1900) also m ade a s tudy o f  the latex of Laniolplua hnudeklii 
A  D C  in the  Sudan. T h is  plant was know n as ‘gohine’ and was the only 
im portan t source o f rubber growing in  the Sudan. Tts latex was white or 
faintly pink. T h e  ru b b er obtained by coagulatm g the latex had a specific 
gravity o f  0-92 to 0-93. Sodium  fluoride was used to  separate the  rubber 
from the scrum  as com pletely as possible and so to prevent further 
ferm entation. T h e  ‘goliine’ flourished in  the  m ost a rid  p arts  o f the Sudan 
and an adult p lant yielded from  10 to 12 litres o f ‘m ilk’ annually, amounting 
to  an annual jie ld  o f  from  6 to 7 lb. o f  rubber.

A  sam ple o f the ru b b er obtained from  Landolphia ugatulensh Stapf in 
Uganda, studied a t the  Im peria l In stitu te  (1905a), was somewliat soft 
b u t exhibited good elasticity and tenacity' and  was free from  stickiness. 
I t  contained: ru b b er, 78-3 per cen t; resin, 9-1 p e r cen t; m oisture, 6-2 per 
cen t; d irt and insoluble m atter, 6-4 per cen t; and  ash (m cluded m  dirt),
2-4 per cent.

CHtandra
Several species o f CUiandray belonging to  the  fam ily Apocynaceae, 

have been exploited for ru b b er in the  Congo (w here the product was 
knovvTi as Kasai black), in  S ierra L eone (w here th e  local species is known 
as ‘jawe’), and in  Angola, the  Ivory  Coast, L iberia , N igeria, Southern 
Rhodesia, and U ganda. M oyle (1942) listed nine species o f CliUindra that 
have been reported as sources o f  rubber.

T h e  m ore im portan t species are  CHtandra elastica A. Chevalier, 
C. orientaHs K .S chum ., and C. arnoJdiana W ildem . T h e  latex of these 
clim bers is obtained b y  m aking incisions a few inches apart all over the 
stem , and  is usually  collected in  a  cup  form ed from  a banana leaf The 
latex is transferred  to  an  earthenw are container and , a t the  end o f the day, 
is coagulated by im m ersing the container in  boiling water. Siedler (1914} 
reported  th a t a sam ple o f  latex obtained from  C. elastica in Togolaiid 
was excellent for the  m anufacture  o f  ru b b er articles. I t  contained 1-95 
p er cen t o f  m oisture, 11*59 per cen t o f  resins, and 1-46 per cent o f ash.

Cgfpodinus

Carpodims also belongs to  the  fam ily Apocynaceae. T h e  rubber- 
bearing  plants o f Carpodinm  in Africa are ‘vines’ or sh ru b b y  climbers. 
Carpodinus chylorrhiza K .S chum . is widely d istribu ted . C. grcicilisSuf^  
is somewhat m ore restricted. In  Angola, Carpodinus has m uch the same 
range as Landolphia. T h e  rainfall in  th e  natural range o f  C. chylorrhiza and
C. gracilis is said to  average 35 in . per year, spread over about seven 
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mont)is. Tem peratures range from 26 'F . to  97’F ., and the altitude ranges 
from  3,900 to  4,900 ft.

In  Angola and the Congo, where the genus is represented by two 
species, C. gmtUlii W ildem. and C. ligustrifilia Stapf, the rubber marketed 
is mainly root rubber, which is obtained by pulling up the rhizomes and 
exposing them  to the sun for some time to coagulate the latex. They are 
then  cu t up and beaten with wooden mallets to remove the bark that 
contains the  rubber, and the bark is then  alternately pounded and washed 
until only strands of rubber are left.

CarpoJmus kirsuta H ua. is a common climber, found in  the dry zone of 
Nigeria and along the N iger River, with an inferior latex that is coagulated 
into a flake rubber by boiling. I t  was shipped as a sticky mass with the 
consistency o f dough. Both C. hirsuta and C. fulva  Pierre are found in 
N orth ern  and Southern Rhodesia. Moyle (1942) also lists C. lancrolata 
K .Schum ., C. landolphiades Stapf, and C. Stapf as being sources
of rubber in  Africa.

Cryptostegia
Cryptostegia belongs to the family Asclepiadaceae. Excellent rubber 

has been produced from  wild plants of Cryptostegia grand,pra  R.Br. 
and C. madagascariams Boj. in  Madagascar.

Mar^denia
Marsdenia also belongs to the family Asclepiadaceae. Marsdenia 

verrum a  D ecne., a native of Madagascar, is a large climber with a large, 
rough fru it (somewhat resembling a cucumber) that yields latex protusely 
when cut or injured. T he rubber is of good quality.

Euphorbia
Euphorbia is a large genus belonging to the family Euphorbiaceae 

T h e  Euphorbias are scattered over most o f the earth and r a n p  from  small 
creeping plam s and annual weeds to large trees, and include shrubby 
plants as well as succulents, some of which resemble large cacti. Some 
& u r  species have been listed as sources of rubber. M  attem pt was 
m a l  to  produce rubber commercially in W est Africa f ™ " ' ^ t e r  
t ,n ,cM i  L  , the idea being to bleed the trees and then separate the rubber 
from  the  predom inating resins. T h e  latter were to be sold for use m  the
pain t and varnish industry. T h e  project was not successful.

Audy (194Z), Com pagnon & Ziller ( 1942), L e  B rw  ( 1942). 
Colom bat & Com pagnon ( 1943). made deculed field studies o f the  pos­
sibility o f exploiting E. rnimferit Berg., and Le Bras ( 1943) and Compag­
non (1948) made similar studies of E. bal^m ifira  Ait. T hese “ =^s-l'k=  
E u p h o r ti i i  occur in dense stands and yield large quantities of latex. 
T h e  latex contained less than  20 per cent of rubber b u t deresinatioii gave 

rubber o f good quality.



T h ree  ?:up]iorbias have been reported as sources o f  rubber in Mada- 
gusair. T h e  m ost im portan t o f these was E. intisy D rake. T h is  is a shrub 
or small tree th at produces rubber both  in  its s tem s an d  in  swollen under­
ground tubers th at Swingle (1930) described as specialized or^Mns for 
the storage o f  water. T h e  ru b b er from  E, intisy is o f  high qualit}' and is 
the best produced by  any species o f  Evphorlm . A fter the discovery of 
£ . intisy in 1891, the annual exportation o f  rubber from  Madagascar rose 
from  less than  50^000 lb. to  alm ost a million lb. T h e  wild stands of £. 
intisy in iMadagascar were greatly depleted by  ru th less exploitation, and 
even before it had been studied  and given a botanical name the shrub 
was hard to find in areas where it had previously been abundant.

Euphorbiu- chistica Ju m . and E . pirahazo Ju m ., which are trees 65 to 
85 ft. high foimd in  restric ted  d istricts o f  north-w est M adagascar at the 
foot o f the  plateau regions, have been reported  as sources o f rubber of 
good average qualit}'. Scassellati-Sforzolini (1915) reported  a number of 
Euphorbias as o f  industrial im portance in Som aliland. Am ong these he 
listed E. tirvcdlU L .  and E . ameuta Vahl. Rcbuffixt (1907) reported that 
E . candelabra {E. candeh/brum T rcm o n t)  grows abundan tly  in  Eritrea, 
and th at the  latex contains 50 per cent o f d ry  ru b b er, based on the weight 
o f the  latex.

Raphiomcme
Raphionacme utilis N .E .B r. & S tap f is the  only rubber-producing 

species out o f  the  tw enty or m ore com prising this genus which belongs to 
the  family Asclepiadaceae. R . utilis was know n in  A ngola as ‘bitinga', aiid 
the  rubber from  it  w'as generally know n as ‘ecanda’. T h e  plant was ex­
ploited as a source o f ru b b er in Angola and  was also tested  under culti­
vation. N o  particu lar difficulty was experienced in  doinesticating the 
plant, b u t the  grow th was slow and  the  >ield disappointing. T h e  rubber 
o f R . utilis is p roduced from  the root, w hich resem bles a yam  in colour and 
is o f  the shape and general size o f  a tu rn ip . I t  gives a good yield of latex 
with a fair qualitv' o f rubber, T h e  p lant is not com m on and the total 
am ount o f  ru b b er obtained from  th is source was not great.

R u b b e r - B l 'Vr i n g  P l a n t s  N a t iv e  t o  A s ia

T h e  tropical portions o f  south-east Asia arc rich in  rubber-bearing 
plants, m ost o f  which are  m em bers o f  the  fam ily Apocynaceae. A great 
num ber are clim bers, and several have been reported  as having rubber 
o f  from  good to excellent quality. Finis elastica Roxb. has been the tore- 
m ost a jn tr ib u tio n  o f  tropical Asia to  the know n rubber-y ield ing  p lan ts : 

there are also some tw enty-seven o ther species o f Ficus that have been 
exploited for rubber. T h e  a rid , subtropical, and tem perate  zones of 
Asia also have rubber-bearing  plants, the  ch icf o f which are the R u ss ian  

root crops belonging to  the Com positae.
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Fuua belongs to the family Moraceae and some twenty-ei^ht spccies 
have been reported as sources of rubber in Asia. F k m  clattica Roxb. was 
one o f the first o f the plants o f  tropical Asia to be exploited for rubber. 
T h e  earliest plantings in the East were o f this tree, and it was also planted 
elsewhere in the tropics. I t  is now more popular as an ornamental in 
M editerranean areas and suitable parts of the U nited States and tropical 
America than as a source of rubber. T h e  names for F. eliislka were 
‘ram bong’ (or ‘ramboeng’) and ‘,\ssam ’, the latter for the Indian province 
from  which the species was originally described. These names were also 
applied to the rubber, that was also known as India rubber (or India- 
rubber), which became the ‘generic’ name for all rubber in the nineteenth 
century.

H eyne {1927) lists Ficus alba Reinw. as a tree that has been tapped for 
latex in Indonesia. ' 1̂  rubber content of the latex is low, however, and 
the gum  finds use i tJB d iffc ren tia l dyeing of fabrics in the batik industry 
rather than  as a n J B .

D ussert (1910) rSported that Pkm  alhinervia M iq. on Reunion Island 
was a  promising source o f rubber. I t  was not exacting as to soil, and 
yielded a latex with from 40 to 45 per cent of excellent rubber. H e reported 
annual yields of about i kilogram o f rubber per tree, and stated that the 
tree could be tapped at the  age of eight to ten years. M aranon & Girato 
(1932) m ade a study o f rttenty-four species o f Ficus in the Phihppme 
Islands and found rubber in Ficus calophylloidis Elm., F . clastica Roxb., 
and F. minahassae M iq. Gum m i-Zeitung {1903) reported rubber as havmg 
been produced in New Caledonia from a tree thought to be F. prohxa 
Forst. M any seeds o f it were shipped to the BerWn Botanic Garden where 
a large num ber of plants were grown and shipped to Togoland for cultiva­
tion A sample o f  Papua rubber from f .  rigo F .  M .  Bailey was examined at 
the Im perial Institu te (1912) and reported to be good. T h e  washed rubber 
(3-6 per cent was lost in washing) contained: resm, 4-9 per cent; p ro tan ,
3-1 per cent; ash, 0 9 P «  cent; and rubber, 91-1 per cent. T he rubber 
varied from Ught to dark brown and was tacky. Sengoku & Ikeda (1940) 
reported that the  rubber from  F. rcm a  L. was promising.

Bkekrodca
Bkekrodea totikmeusis D ub. & Eber. is a member of the family 

Moraceae and was discovered around 1907 i i  Tonkin, where it is known as 
‘teo-nong’, and in N orth  Annam. I t  is a large, rapidly growing tree J2  to 
2 0  metres hieh with whitish bark, highly ramified b ranch ing  and soft 
w hite wood. I ts  roots are characterized by the presence o f swollen nodules 
th at serve as water reserves, allowing the tree to  resist long penods of 
drought. T h e  latex has a yellowish tint described as eafc-au-la it, and 
contains up to 42 per cent of rubber. Spontaneous coa^ laO o n  is rapid 
and gives a brown-grey rubber. A 1 per cent solution o f su lphunc acid
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coaguiates about six rimes its own volum e o f  latex. T h e  latex must be 
stirred during  the addition o f the acid, to avoid local coagulation. Such 
rubber coagulated with su lphuric  acid has excellent quahty ; on tiic other 
jiand, acetic acid h inders the  cohesion o f  the  particles o f rubber and the 
coagulum  lacks hom ogeneity. H ydrochloric acid gives a rubber with less 
elasticity than  th a t produced eitlier by  spontaneous coagulation or by the 
use o f  sulphuric ad d .

Bh'ekrodea tonkinensis is found in  com paratively heavy stands in 
T onkin, N o rth  Annam , and U p p er Laos. T h e  m ost im portant areas for 
exploitation in T onk in  were reported  to  be  in d ie P rovince o f Bac-Kan (at 
K ai-K inh  and in the  region o f T h a t-K h c) and in the  Province of Nini- 
B inh. G )n tro l m easures were urged to  avoid the  p ro m p t destruction of 
these native stands by  over-tapping.

This species is very hardy. I t  prefers calcareous soils, and its best 
growth and richest s tands in  na tu re  are  found on  slopes where the run-off 
is rapid and where there  is never standing  w aterJjjpubard  & Eberhardt 
(1907) reported th at B . tonkinensis was a large tree  ^ | w a s  found in dense 
stands in  some o f the Provinces o f  T on k in , and  th W it  produced a high 
percentage o f  ru b b er th a t could n o t b e  distinguished  commercially from' 
the better sorts o f  Para ru b b er. E b e rh ard t {1907) m ade a study of this 
rubber and reported  its p u re  ru b b e r  c on ten t to  be 67-6 per cent. H e stated 
his belief th a t the  species m ight becom e very im portan t under modem 
m ethods o f  exploitation.

Apocynaceous Climbers

T h e  forests o f w hat was form erly Ind o -C h in a  are rich  in rubber- 
bearing clim bers. P rior to  1890, only sm all quantities o f rubber were 
collected from  these wild ‘vines’, and  all were m arketed th rough  Thailand 
or Singapore. Beginning in 1890, the  collection o f  ru b b er was organized 
by the  form ation o f exploitation com panies and  associations. Botanical 
explorations were m ade to  identify  and classify the  wild clim bers, almost 
all o f  w hich were found to belong to  the  fam ily Apocynaceae, numerous 
genera being represented.

Paris (1911), Cayla (1914), C arton  (1924), and C revost (1926) reported 
on  the various rubber-bearing  species o f  Indo-C hina , and  the  more im­
po rtan t o f the  genera w ere: Aganomeriony Aganosma, Amahcalyx^ Boua- 
gonia, Chonemorpha, Ecdysunthera, Ervatam ia, Holarrhenu, hhuocurpui, 
Kopsia, Alelodinus, MicrechiteSy Nouetta^ Parabariim^ Furamcria, Poltsin, 
Rhynchodidy Vallaris, and Xylinabaria.

In  addition to the  reports  o f  these clim bers in Indo-C hina, several 
species were reported  from  elsewhere in  tropical Asia. Chommorpk 
macrophylla G .D o n  was reported  by  the Im peria l In stitu te  (1905) as the 
source o f  an inferior ru b b er from  B urm a. T h e  Chonemorpha rubber 
reported  to  be rather sticky b u t  o f  good elasticity and tenacity. The 
specim en exam ined was too small for com m ercial evaluation but the
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analytiad results, mdicaling a rubber o f inferior quality, were reported as ; 
m oisrure, 8 0 per cent; caoutchouc, 55-2 per cent; resin, 34-6 per cent; 
dirt, 2-2 per cent; and zsh (included in dirt), 0-97 per cent. T h e  same 
report included rubber from Rhynchodia wallkhii Hooli. coniing from 
Burm a. T his rubber was reported to be quite free from stickiness, with 
good elasticity and tenacity. T he analysis showed: moisture, 2*8 per cent; 
caoutchouc, 86-5 per cent; resin, 6-5 per cent; dirt, 4-2 per cent; and ash 
(included in  dirt), 0*48 per cent.

C ^ to n  (1924) stated that, o f all the species studied or listed by him, 
Ecdysanthera rosea Hook. & Arn. is the most widespread in Indochina, 
being found at all altitudes from the valley lowlands to the high mountain 
slopes. After it, species o f Parabarium are most abundant and have the 
widest distribution. Parameria glanduUfera Benth. grows well in the  wet, 
hum id lowlands and is the best rubber plant o f  the level forests of 
Cambodia. T h e  various species of Xylinabaria are dbtributed  throughout 
all o f  Indo-China. T i e  highest producer is Xylinabaria raynaudi Jum ., 
which is common inlBfenkin. T h e  num ber of climbers encountered in the 
fo r^ ts  varies widel}^ b u t stands with as many as 250 individuals per 
hectare have been reported. Cultivation tests were considered early in  the 
twentieth century, and Vernet (1904) stated (transl.); ‘We have in Indo- 
China at least two species rich in latex of good quality that have been sugg­
ested for some time as suitable for cultivation: Parameria glanduUfera of 
Cochin China and Cambodia and Xylinabaria raynaudi o f Tonkin.’

W hen the price o f rubber was high, in 1899 and 1900, the collection 
o f latex from  the rubber-bearing vines of Indo-C hina was continued 
throughout the  year. But, in  general, collection was made only during the 
dry season when agricultural work decreased, when the forest was l«ss 
infested with mosquitoes and leeches, and when the conditions o f  heat, 
humidit>% and absence o f rain were favourable for collection and for the 
spontaneous coagulation of the latex. T h e  methods of tapping were very 
crude, and they varied from place to place; one was to make numerous 
incisions in the standing climbers. T h e  tapping was done by  preference 
in  the morning— when the latex was most liquid and before the sun was 
high enough to induce spontaneous coagulation o f the latex. After cleanng 
around the ‘vine’, the natives made incisions along it, up to  as high as 
they could climb. T h e  latex was caught in horn-like cups m ade o f leaves 
in  sections of bamboo, or in leaves on the ground, beuig th en  w rn e d  back 
to camp in  a length o f bamboo and coagulated over a wood hre. T h e  rubber 
th a t coagulated on the clim ber was collected m the form o f small pellets.

A second m ethod, practiced only by certain natives o f Gammon, was 
to cut off a large piece o f bark from  a cUmber. As the latex oozed out, it 
was collected with the finger and transferred to a bamboo tube. A third 
method, followed by the  Annamites of H atm h and of the coastal 
range, was to cut down the climbers and collect latex from  their entire 
length.



RUBBER

T h e  rubber obtained bv  spontaneous coagulat.on was considered 
be the best, os it was dry, flcsh-colourcd, and showed little  loss on  further 
L i n g  or ; h e n  cut. I t  was m arketed in  the fom i o f small balls 6 to 8 
c T S .  I m e t e r ,  in  small bobbins o f corrcspondm g size, or m  flat blocks
tH to 2 ;  cm  in diam eter and 2  to 8 cm. thick. ,

T h e  rubber obtained by coagulation o f  the  atex was marketed 
three form s. T h e  first and poorest was th a t coagulated m  a  kettle. I t  was 

r / f n r r n  o f  a cake - s  to 30 cm. in  d iam eter and about 6 or 8 cm. thick 
r “ b r o t r t m \ d i u U -  and blackened rap id ly  m  the  air. The 
c x tS o r  surface o f  tlris cake was fairly sm ooth , bu t, w hen tt was cut, a 
t i t  num ber o f  cavities filled w ith water could be seen T h e  second form 
M S th at obtained by  coagulating the  latex in  a sho rt length  o f bamboo 
I t  had a  diam eter o f  6 to 10 cm ., a dense consistency, a brow n colour, and 
less tendencv to becom e sticky than  th a t m ade as a cake. I t  was ui the 
form  o f a cylinder and was know n to  ru b b er dealere m  Indo-Chm a as 
ru b b er pudding. T h e  final m ethod was sim dar to  the latter except that 
the  bam boos used were sm aller, w ith  diam eters <>f »">>' 3 »  4 

In  th is  case the  bam boo had to  be cu t to  obtain  the  rubber, fthen 
freshlv rem oved from  the  bam boo, the  ru b b er had a brow nish surface 
c o lo u r  the  inside being flesh-coloured and wathout ™ P ™ t|es  ». 
vacuolcs. T h e  ru b b er was elastic and  showed good response to physical

“ “ I 'ra 'd d h io n  to  the  species o f rubber-bearing  plant-s th a t have beea 
reported  from  Indo-C hina, tw o im portan t genera from  elsewhere m  trop- 
iral Asia are  Willushbeia and Urceola.

WWughbeta. H eyne (1927) describes W illu^^eiafirm a  B l  as a c 
w ith a s tem  u p  to  lo  cm . m  diam eter and d istribu ted  throughout 
T app ing  the s tem s gives a  rap id  flow of latex th a t c o a ^ la te s  easi > aad m  
b e  collected after one day. T h is  is the  only way th a t c^ltivat d p t o  
can be handled , whereas w ild p lants are  to rn  from the  supportm  
and k id  o n  the  ground, the  stem  being th en  rm ged at intervals of 30 «
40 cm. and the  latex collected. C oagulati.m  is by  heat or b> addin, n 
o f a solution o f table salt, or both. A fourteen-year-o ld  vine ^
o f ru b b er, and p lants abou t six years o f  age yielded u p  to  100 gm. ot 
each. T h e  ru b b er was know n as ‘getah soesoe’ in  S in p p o re ;  e sewhe . 
it was known usually as Borneo rubber. I t  was sh ipped in round or pe« 
like shapes, occasionally as m ore or less flat cake.s, and sometim es 1 ^
blocks. In  the  pure  scite, i t  had a ligh t o r dark ■,nrcy appearance .m 
clastic. O ne sam ple from  a tivelve-ycar-old p lan t t a d  u resin content

M O TT eT 9 4 2 ) lists mUuzhteul ,ip u u U u  .\Iiq . (Sum atra, Borneo), 
W. K ji/asK* T h w . (Ceylon), W. iaruKcu W all. (V klaya),
D y er (.Singapore), and W. ja~unkn  B lum e (Java). D u M tan  .. . <)J
m ention W. eduUs Roxb. (Burm a, Assam, Malaya). R o m b a rj.i  yn) 
listed I f '. f i ' im  Bl. and  W. D yer (East Indies).
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Urccola
Urceolu clastica Roxb. was found late in the eighteenth centur)' on the 

Island o f  Penang by James Howison and described by the famous botanist 
W illiam Roxburgh who a t that time was Keeper of the Calcutta Botanical 
G arden. Several other species of Urceola have been described since, 
including, as rubber-bearing plants, principally U. brachysepala 
U. escuknta Benth. & Hook., U.javanica Boerl., and U. maingayi 
Rom burgh (1900) states that species of Urceola produced rubber o f 
quality b u t in  small amounts. H e reported U. brachysepala as growmg 
in eight or nine years to a height of 13 metres, with a girth of 30 cm. 
F rom  two average plants, he obtained 50 gm. of rubber. U.javanica, he 
said, was characterized by its large horn-shaped fruits th at are so heavy 
that they sometimes break down the supporring tree on which the 
climber is growing. A report by the Imperial Institute (1903) on the rubber 
from  Urceola gave the follow’ing analysis: moisture, 6-9 per cent; r^ m , 
7-0 per cent; rubber, 76 2 per cent; and dirt, 9-9 per cent. I h e  rubber 
showed good elasticity and tenacity and was valued as equal to the rubber 
obtained from  climbers in Tonkin.

Apocynaceous Trees
T h e  m ost im portant of the .Asian rubber-bearing trees of Apo-

cynaceae belong to the t%vo closely related genera, Ahtonia and Dyera. 
These trees furnish a low-grade rubber that is marketed 
‘ieluton^’. T h is  material requires deresination for use in rubber com 
pounding, b u t has found some use in the manufacture of chew'ing gum^ 
for which its high resin content is not a d i^dm ntage. I t  has " 
comparable with th at of chick, and has the additional t h « ^
ru b b er^ o n ten t makes it valnable in  the manufl,cture »f ^  
th at require the admixture of small proportions o f rubber to proMde

R.Br, is a verv tall, «  tree. I t  is 
largest o f the Javanese trees belonging to the 
.0  025 m etresh ig h an d 4 0 to 6 o cm . m diam eter.

m etres and an estinu ted  height o f over 45 “
that, »Hth the largest trees, it m ight K- as much as 30 to  ,0  metres

iirst main branch.



.\ccord iM  to W echd , a tapper taps som e fifty trees a  (Jay and so 
arranges his total num ber o f trees under lap  th a t he ran  return to the 
first p o u p  on tlie e ighth day. l i e  starts tapping a t a height o f ab o u t, 
metrJ-and-a-haH from  tl.e ground. H e lirst makes four, five, or six euts of 
about a hand’s-w idth e a c h - th ro u g h  the  bark  in to  th e  wood o f the tree.
A t each subsequent tapping, each w ound is increased by  about thrct 
fingers’ w idth, the  increase being alternately to the  left and then to the 
righ t o f  the old cut. T h e  cu t is abandoned w hen it approaches the margin 
o f  the  next cu t, and new cuts are opened higher and  higher on the tree.

T h e  first latex th at emerges is w atery, b u t  after som e five minutes i 
tliick m ilk begins to  ooze out. A fter finishing w ith th e  tapping  o f the fiftj. 
ttees the tapper re tu rn s  along the  same rou te  and uses a wooden spatula 
to  sc k p e  the  tliick mass from  the tap-w ounds in to  a w ooden or tm  vessel. 
T h e  collected latex is poured  in to  a vessel m ade o f bark, and three 
parts o f  w ater to  I p a rt ( i  litre) o f  petro leum  are  added. In  some areas, 
alum  is used to  replace the  petroleum . T h e  next m orm ng, the  coagulum is
separated from  the scrum  and washed m  w arm  water.

‘Jelu tong’, also know n as ‘pontianak’ (form erly ‘dead Borneo ), has a 
high resin  con ten t which E aton  & D en n e tt {1923) reported  as from  75-9 to 
8o-q per cen t in  sam ples exam ined by them . T h ey  reported  the rubb«- 
content to be ig -i  to  2 4 'i  per cent, w hiletheash-contentofallofthesam ples 
th ey  tested  was low'. T h e y  exam ined a sam ple o f ‘jelutong latex which 
they  described as resem bling / /ra e a  latex, and which could be coaplated 
bv  acetic acid o r a lum  and also anaerobically by  placing it in sealed bottles. 
Anaerobic coagulation yields a coagulum  th a t  has no  unpleasant odour 
even after standing for several days, w hich indicates a low content 0 
organic nitrogenous m atter. T h e  total solids in  100 cc. o f latex amounted 
to  i 8-2 per cent and contained 79 per cen t ol resins.

Russian Rubber-bearing Plants '
I t  is expedient to  trea t all o f  the  R ussian  rubber-bearing  plants as a 

group rather than  to  try  to  separate them  into Asiatic and  Luropean 
species, for several are found bo th  in  Asia and  E urope. M oreover, species 
o f k rim -saghw  are  found  w idely d istribu ted  in  th e  M editerranean region, 
w hile some o f the genera, such as Apocynum and  Emnymiis, have an even 
wider d istribu tion  in  the  tem perate zone o f E urope, Asia, and o 
America.

Generally speaking, the  rubber-bearing  p lan ts o f  tropical countries at 
distinguished by  having a latex th a t is the sourcc o f  the rubber. Mos 
o f the  plants were tapped by  som e m eans to  o b tain  the  latex, b u t in a te« 
cases in Africa it was the  custom  to  coagulate the  latex m  the plant an 
th en  obtain the ru b b er by  m echanical m aceration. W 'ith temperate-zone 
plants, mechanical m aceration is the sole m ethod o f  obtaining the  ru er.

A  few o f the  n o rth ern  p lants in Russia have, on  occasion, b een  gathere 
in  th e  wild for ru b b er ex traction  bu t, in  general, they  are small and mus
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be erown in cultivation to provide sufficient plant m aterial for the mech­
anical deviccs developed to extract the rubber. Cultivation by horticultural 
or foiestrv methods, such as is practised in the tropical regions, m ust 
give way to field-crop methods, w hen the whole concept o f rubber cultiva­
tion is completely changed.

Taraxacum. T h is  genus belongs to the family C om posite  and its 
m em ber species are the dandelions. Taraxacum Rodin is a
R ussian rubber-bearing dandelion discovered by I .. E. M i n  on a high 
plateau of the T ien  Shan M ountains in the Kazakh S.S.R. |ust east of 
Alma 'Vta T h e  first botanical collection of the plant was made i iH 9 ' °  »y
A I Michelson and deposited in  the Herbarium  of the Botam callnstitute

o f the Academy o f Science, Leningrad. However, the “ P /* u o n  
Rodin had been organized by N. I . Vavilov specifically for finding

an herbarium  specimen or set of specimens, Michelson’s collec­
tion rem ained unstudied for more than twenty years; bu t a* “ P ^  
tial industrial crop, Rodin’s collection received immediate study and

megalorhizon Hand.-M zt. ( T  hybcrmm Stev.) is known as 
krim - (or krym-)saghyz. Ulm am i (1951) « « < ^ th a t the
o f krim -saghyz was made in 1856 by Ch. Sevens who d e s c n M  it as 
T. h y k r n L :  However, this dandelion i f  d ^ e e n  included within ^

t h e  M e d i t e r r a n e a n  re g io n .

S cc rw u ra  T his is a second eenus o f the Compositae that is the source

L r o f  ™ t t b t a ,  the aerial portions o f the plants being unimportant 

for our purpose. Saret2ki in the m ountains of

slow-growing plant ^  rubber-contcnt o f  the root is



seedling populations studied in the U nited  States exhibited considerable 
differences in seed and root characters.

Tekc-saghyz {S . acanlhoclada\ occurring in the  high mounuiins of 
M iddle Asia at elevations o f 2,200 to 3,900 m etres but chiefly around
2,500 to  3,200 m etres, was first described in  1883. T h e  climate in the 
native range o f  reke-saghyz is ver>- severe, the m ean yearly tempcrauire 
being about 3®C. and the m ean sum m er tem perature  about i5°C. The 
annual rainfall is arom id 400 m m ., w ith 85 p e r  cent falling in winter and 
early spring and d ie rest a t the end o f  the sum m er and  in the autum n. The 
period from  June  to S eptem ber is norm ally w ithout r a in . T h e  plants attain 
an age o f te n  years or more and, in  natu re , there  m ay be as many as 2,000 
p lants per 100 square m etres in good stands. T h e  p lan t flowers first in 
its second or th ird  year. In  general, however, tekc-saghyz th at is harvested 
in the  wild for rubber has reproduced vegetativcly rather than  by seed. 
A fter the roots are to rn  from  the ground for rubber collection, those left 
regenerate new plants, and considerable am ounts o f wild plants have been 
gathered w ithout seriously depleting the  wild stands. T h e  growth of the 
plants is very slow and tekc-saghyz has not responded satisfoctorily to 
dom estication.

Chondrilla. T h is  genus also belongs to the  Com positae. [t includt? 
two species th at have been studied as prom ising sources o f rubber. These 
are Chondrilla ambiguu F isch. and C. paudjlora  L b d ., and, in contrast 
to th e  species o f  Taraxacum and Scorzoncra, they contain significant 
am ounts o f ru b b er in the bark o f the  stem s and twigs as well as in the 
roots. T h ey  are un ique in being subject to underg round  bleeding owing 
to the  attacks o f  certain  insect larvae, and this bleeding results in the 
accum ulation o f  ru b b er in the  soil around  the ro»)t.

In  Chondrilla^ ru b b er is finly found  in  the  parenchym a cells of the bark 
and roots. T h e  twigs contain an average o f i to 1-5 per cent o f rubber ami - 
9*5 to  10 per cent o f  resins. Bark constitu tes a th ird  to  a halt o f  the twigs 
and stem s and contaias 3.0 to 3.5 per cent o f  ru b b er and 15 to  20 per ccnt 
o f  resins. T h u s  the extraction o f  the ru b b er is facilitated by first separutiiig 
the  bark from  the  wood.

T h e  rubber is contained in Chondrilla in the form  o f  latev. hen 
the  insect larvae attack the^ot)ts o f  the plants the latex flows out into the 
surrounding  sandy soil, where it coagulates and form s a mass consistina 
o f  rubber, resin, and sand, th a t is known either as ‘naplyw y' nr 'tschech- 
liki’— according to the  size, shape, and com posititm  o f the individual 
masses. T h e  differences arc  due to  the fact th a t the larvae ot two insccis 
are involved. T h u s  the ‘naplyw^y’ arc caused by the  larvae o f  SplwHopU'^  ̂
foveola. G eb l.: they  atta in  a weight o f 15 to 50 gm. and consist of sanii,
80 to 90 per cen t; rubber, abou t 1-4 per cen t; and, for the  rest, resin. 
T h e  ‘tschechliki’, on the  other hand, resu lt from attacks by the larvae of 
Bradyrrhoa gilveolella Ft. T h ey  reach  a length o f  3 to  5 cm. and a thickncss



of 0'5 to  0-8 cm., with a weight of i to 3 gm. T he ‘tschcchliki’ are richcr 
in rubber than  the ‘naplywT*, and attain a rubber content of 5 to 18 per 
ccnt.

R ubber Plants N atut, to T r o p i c a l  America 
T ropical America gave the world its chief rubber-bearing plants, the 

m ost im portant being Hevea brasUiensh of the family Euphorbiaceae. 
T h a t fam ily also contributed other important rubber-bearing plants, as 
did the  Moraceae and Apocynaceae.

Euphorbiaceae

T h e  Euphorbiaceae are common throughout the world. In  addition to 
Hevea, species of Manihot^ Sapium^ Alicrandra, Jatropha, and Euphorbia 
have been important sourccs of rubber in tropical Americi.

IJraea. Hevea hraulicnsts (Willd. cx A Juss.) Muell.-Arg. is the out­
standing rubber tree of the world. T he  genus is distributed throughout 
the Am azon Valley in South America. Schultes (1956) lists seven species 
in addition to H . brasUiensh. T he species and genus will be discussed in 
greater detail in Chapter IV.

Micrandru. M icrandra is, according to Schultes (1956), ‘rather closely 
allied to Hevea, but it has a much wider range. Known from the entire 
Am azon basin and from southeastern Brazil, the Orinoco drainage-area 
and all of Venezuela, the Guianas, as well as from the M agdalena Valley 
in  Colombia, Micrandra would appear to be an old genus. Only one species 
— Micrandra minor—]ua been of any commercial importance as a rubber 
producer.’ Schultes says of Micrandra minor Benth.:

Widespread and abundant in the Amazon Valley and the upper Orinoco 
basin, MkraitJru minor is a jigantic tree, often attaining a height of one 
hundred and ten feet. The crown is very hea\7, and the corpulent trunk is 
unbuttressed. This species prefers the high river-banb which are inundated 
only at the height of the annua! flood, and is never found in low-lying swampy 
areas. The very abundant, thick, pure white latex yields a rubber of high 
qualitj' and has been tapped in the past for ‘Caura rubber’; but, as the tree 
cannot be subjected to repealed and frequent tapping, it is not promising for 
planting.

Alaiiihol
Miwilmt. T h e  Ceara rubber tree, Mamhot giaziovii M uell.-Arg,, 

is the m ost im portant specics of this genus for rubber production. In  the 
early days o f rubber gathering, -tl. gUtzki'it furnished large quantities n f  
high-quahtv rubber that appe-arcd on the market as Ceata or Manieoha 
rubber (Plate 4). T he Ccara rubber tree «  as one o f the fust specics to be 
planted, and the seeds were shipped to many parts o f  the world. I t  is 
native to the States of Rio Grande do N orte, Paradyba, and Ceara, all in 
Brazil, and is found growing along mountains that ate sparingly covered 
w ith shrubs and low trees. Its  native habitat is strongly characterized by



long periods o f  drought; indeed, because o f  its  resistance to drought, the 
Ceura rubber tree was originally favoured over Hevea for planting in 
Hawaii and parts o f  A tr io .

Considerable difficulty was experienced in gathering Manihot latex 
because o f spontaneous coagulation on the tree. I t  was often necessary to 
allow the latex to  coagulate in  the cu ts and th en  strip  o ff the rubber and 
wind it in to  balls.

Manihot dichotoma Ule, Al. heptaphylk U le, and M . piauhyemii Ule 
have also been exploited for rubber. T h e  centra l area for the  collection of 
rubber from  Af. dkhotonia was the tow n o f  Jeq u ie , and the  rubber was 
known as ‘Jequie ru b b er’ or ‘nianicoba de Jeq u ie’. I t  was claimed that 
from  this species, one m an could gather from  3 lo  4 lb. o f  latex daily and 
that from this he could obtain from  i to 1-53 lb. o f rubber. Rubber was 
collecied from  A t  heptaphylla along the Sao F rancisco river and the rubber 
was known as Sao Francisco rubber.

M uch o f the  rubber o f  AI. piauhyensis was sh ipped tlirough the port of 
P iauhy and the rubber was known as Piauhy ru b b er, w hilst the  same name 
was applied to rubber shipped from  Pernam buco and Bahia. One workman 
was said to  be able to collect from  2 to  3 kg. o f  ru b b er daily from  this 
species, and some trees w ere repu ted  to  p roduce u p  to  5 kg. o f  rubber ann­
ually. U nder cultivation, it was claimed th at 200 three-year-o ld  trees pro­
duced 35-83 kg. o f  rubber at one tapping.

Sapium. Sapium  is one o f the least know n o f  the  im portan t rubber- 
bearing genera. Some specics o f  Saphim  p roduce ru b b er th at is equal to 
the best Hevea rubber. P lan ts o f  this genus are native to the tropical 
portions o f both the Eastern  and W estern  H em ispheres, although the 
rubber-bearing  species occur only in the W estern H em isphere (and there 
principally in the A ndean regions o f  Colombia, Peru , P:cuador, and Vene­
zuela, and tliT oughou t the A m azon Valley as far east as Belem). Manifold . 
(1944) says, T h e  Sapium s have never held m ajor im portance as rubber ‘ 
producers, for although the  quahty  o f the  ru b b er is high, yields arc low 
ami ilism bution limited. T h e  quality  is sim ilar to  Hevea, while flow of 
latex and tappm g m ethods are generally com parable to Qistilloa.'

1 he R ubber D evelopm ent C orporation o f  the  U nited  S t atcs Govern­
m ent m ade mtensive studies o f  the possibilities o f  obtain ing  rubber from 
native stands o f  Sapmtn during  W orld W ar II. U p h o f  (1^42) and White 
(1942) m ade prelim inary surveys o f  the botanical literature , basing their 
eomnienls chiefly on  the m onograph o f  Pax (1912). L . W illiams (1944) 
ium m ariM d the field-work o f  the Corporation in 1944. T h e  folkmmg 
m lorm ation is abstracted from  these reports:

S a p „m  jcm m m  Hcrasl. is a tall tree  som etim es cxceedinc 90 ft. in 
lH-.ght w ith a  diam eter at the base o f  30 or m ore in. I t  groM s in ihe alluvial 
uresis ol British Cruiana, especially in the  Pom eroon D istrict, and is saiil

oui 1,0 ti “ ■’" " '5'  J^^W ce, on  tlie Esse-
quibo K » er, and m  the north-w est d istrict. T h e  presence o f  Sapmm in



n n tish  Guiann was authenticated as early as ,884, and the aboriginal 
I ndians were reputed to have used the rubber to form balls for their games. 
S  jenm unior a closely similar speaes grows in abundance in  the western 
ph m s o f Venezuela. T hree variants arc recognized by the natives 
caucho rosado , ‘caucho negro’, and ‘caucho bianco’. ‘Claucho rosado’ 

grows in  the dense fore.st that is periodically flooded. I t  has a thick, 
slightly fissured bark, is fairly ^ s y  to tap, and gives the best yield. 
Caucho negro is also found in the dciuse forest. I t  lias a thick, tough, 

m uch h p u red , dark-brown bark, and is more difficult to tap. ‘Caucho 
bianco is found m  open or second-growth areas; it is o f smaller stature 
than  the other two, has a light-grey, flinty bark, and is considered a poor 
yielder. ‘

Sapm m  veriim Hemsl. is a fast-growing tree up  to 75 ft. in height, 
with an open cvoy.'n, an erect trunk, and a greyish to brown bark It 
grows in virgin forests in m ountain areas a t altitudes o f between 3,600 and
9,500 ft., and is recorded in Colombia from the Departm ents o f Tolima, 
Huila, and Cauca, and from the vicinit\- of Chimborazo, Ecuador. This 
species yields a large quantity o f  latex and is considered a valuable .source 
o f rubber, which is known as ‘Colombia virgin’ or ‘Colombia scrap’, 
‘caucho virgin’, or ‘caucho bianco’.

Sap 'tum pdoto  Pax & Hotfm., a tall tree known in Bolivia as ‘peloto’, 
grows in rain forests along the M amore River and its affluents. Crist 
(1944) states that there are at least four types o f ‘peloto’ in the T rinidad- 
Eviato a rea : two o f these, ‘peloto bianco’ and ‘peloto rosado’, yield rubber 
o f good quality, while the other two, ‘peloto ligoso’ and ‘peloto morado’ 
or ‘barcino’, are considered o f no commercial wlue.

Sdpium tabitru Ule, a medium-sized or tall tree, at times attiin ing  
a height o f  120 ft., with stout branches, is widely distributed in the Ama­
zon basin, as well as at high clevaiions, especidly in central and upper 
M adeira, along the Jurua and Javar>- rivers, and in northeastern Peru and in 
Ecuador. T he latex is said to be used often as an adulterant with Hevea. 
T h e  local names for the tree are ‘tapuru’ or ‘seringuerana’, while in 
commerce the rubber is known as ‘tapuru’, ‘cameta sem am by’, or ‘roll- 
gummi sernam by’.

Sapm m  hippomane G. F . W. Mey, is a small or medium-sized tree, up 
to 60 ft. in height. I t  has a wide distribution in Barbados, Trinidadj 
Tobago, Surinam , British Guiana, the temperate zone o f Venezuela, 
u pper Brazilian Amazon, and, in Peru, Jurua and the Andean regions of 
Junin , Tarm a, and L i  Mercfed, T h e  vernacular names are ‘milk tree’, 
‘poison tree’, ‘gum tree’, and ‘lecheroV

Sapium pavoniantim (M uell.-.\rg.) H uber Is a small tree 30 45 ft.
in height, having the t\vigs densely covcred with leaves. I t  grows in dense 
forests along the Nova, Micaya, Savja, and T im bcqui R i\e rs in Gjlumbia, 
a t altitudes o f up to 650 ft., as well as bet\veen K atchari and Lu Q em entina, 
Ecuador, and a t Imana de Oro, Peru. T he rubber is considered of good



quality and is known as ‘caucho bianco’, ‘caucho amlullo bianco’ j 
‘cauchillo’. ’ ™

Sapium styhm  M uell.-A rg. is a tall tree having the twigs dcnsel 
covered witli oval or elliptic leaves. I t grows in v irgin forests in sublronicil 
and tem perate regions o f  Venezuela, and is repu ted  to be the princi,, 
specics on the slopes o f  the Andes in Ecuador, a t elevations o f  from cm 
to 6,000 ft. N o a ttem pt is m ade to  exploit the ru b b er in  Venezuela 
the tree is tapped in  the Province o f O riente  in  E cuador, where the trc 
arc said to  be m ost productive a t elevations o f  betw een 3 ,900  and j  200 ft 

O ther species o f  Sapium  tliat have been reliably reported as m urc« 
o f rubbra  m clude: 5 . auhktknmn (M uell.-.i^rg.) H u b er, from  the viciniti 
o f  San Gabriel do C ichoeira on the  Rio N egro, Brazil. Its  vernacular 
names are ‘niapa’, ‘m apara’, and ‘strapo’. 5 . dliaum , H em sl. is a tree 12 

reported  from  Para, Santarem , and Cararauca. S . hmalum 
(MueU.-Arg.) Pax & Hoffm. is reported from  the  Brazilian Amazon and 
from  subtropical regions o f  P eru. 5 . eglandukmm  U le is a tree up to 4- 
tt. high growing along the Ju ru a  R iver and in  Peru. marmieri Huber 
grows m the  alluvial forests along the Ucavali and Huallaga Rivers in 
n o r th e ^ e r n  Peru, and along the N apo R iver in  E cuador. I ts  juice is 
reputed  to .be poisonous, and  its local nam es are ‘seringarana’ and ‘serin- 
gueira . S.bogotmse H u b er is reported  from  U bala, near Bogota, Colombia 
a t elevations o f  from  5,700 to  6,000 ft. S . aucupanum lacn i ,  a small 
tree g ro w ^ g  m  the savannas o f  the  V enezuelan G uiana in the 
« c im ty  o f  Caracas, and along the  northern  C olom bian coast aroimd 
oanta M arta.

Sapium  trees are m ore difScult to tap than  are those o f  H m d .  Field 
techm cians o f  the R ubber D evelopm ent C orporation carried out nianv 
tests to  d e te rm n e  the best m anner o f  tapp ing  them , b u t did not establish

n ™ conditions and differences
bark characteratics. In  alm ost every instance it was found th at tappin? . 

w ith  a tapping  knife, such as is used w ith H e v c ,  was impossible because of 
the  hardness o f the  bark. In  general, the best tapping  instrum ent was a

h e r r b r t  “  •'> ' " ’od™  m̂ *UcC- In  some areas, a
herringbone cut coasisting o f a  central vertical channel w ith side cuts at

T v "  “  s e c o n d  fu l l  sp ira l
w h S  s ir  " “ ,‘'7  ' ' ’*''*■ '> « '' c v e r ,  in v o lv e d  t h e  u s e  o f  lad d e rs ,

was preferable to  m ake only one full spiral cu t on  each tree.

n o t  r e c o v e r  % T ‘ f f " ' ' a n d  d o ts  
rrat t h e  t r /  f  t a p p e d ;  i t  w a s  n e c e s s a r y ,  th e r e f o r e ,  la

u L l v i t ^ f  '1  P “ i " J  s u c c e s s iv e  ta p p in g s .

areas the rest period needed was only fifteen days. I t  was necessar) to
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tap early in the morning, from 5 to 10 a .m , and even then  some techni- 
c a n s  advised tappm g on the west side o f the tree, to avoid heating o f the 
cut surfacc by the sun. The latex tends to coagulate in the cut and to stop 
Howmg after only a few minutes if tapping is continued after 10 o’clock

Ihree^h™ ™ ''^'’ f”  “ P “

T h e  latex o f  Sapium coagulates spontaneously. Some of the latex 
coagulates in the cut and is allowed to dry for some four days and is then 
s tnppcd  off. T he latex that flows from the cut into the tapping cup coaeu- 
lates overnight without the addition o f any coagulants, and is washed ^ d  
sheeted the next day.

Ja m p h a . M eVaugh {1942) states:
T he Jatropha consists of more than loo species which are particularly 
abundant in the American and African tropics; a few species are found 
in_tropi<^I regions elsewhere. . . .  The genus Jatropha is divided into tv̂ -o 
principal groups, which are considered distinct genera by many botanists 
Jatropha proper has no stinging hairs, and the flowers are provided with both 
calyx and corolla. The second group, subgenus CniJosco/us. . .  has an abundant 
supply of painfully sunging hairs and the show)' white flowers consist of a 
calyx only, the corolla being absent. . . . The subgenus includes perhaps 
40 species, all native to the American tropics, with a few extending their 
ranges into temperate and sub-tropical regions. Some of the species are 
small, strictly herbaceous plants; others become shrubs or even large 
trees. All the plants that have been mentioned as sources of ‘chiltc’ belong to 
this group.

Chiltc has been known and used in Mexico for many yeare, mostly 
for its local application in the making o f toy balloons and figurines. WTien 
broken, the  toy balloons were used as a chewing gum. T he gum contained 
a high proportion of resin and around 50 per cent o f rubber. T he Rubber 
Developm ent Corporation made intensive studies of the native stands 
in  M exico during the war, bu t found that they were much less plentiful 
than  had been reported. Yields were too low for commercial exploitation.

I t  was not possible to determine any one species as the source of 
‘chilte’ : JiUropha acouitifoUa Mill, was the principal source in some areas, 
whereas J .  tepiqucmis Cost. & Gall, was probably the principal source 
o f ‘chilte’ from  a narrow  zone along the west coast o f Mexico. O ther 
species undoubtedly were also tapped for ‘chilte’.

Various methods o f tapping ‘chilte’ were reported, although generally 
these consisted in making a series of oblique cuts from ground-level up to 
as high as the tapper could reach from the ground or by climbing the tree. 
T h e  cuts were m ade alternately to the left and right, with the lower ends 
o f successive cuts overlapping. No vertical groove was made, and the 
latex was allowed to flow over the smooth uncut bark from one cut to the 
next below. T he cuts were made through the bark but not into the cam­
bium  layer, and they healed quickly. T h e  tree could he tapped at eight- 
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to thirt>'-day intervals th roughout the year. T h e  flow o f  latex was best 
in cle;\r, sunny w eather: in the rainy season w hen the  bark was wet, the 
latex tended to coagulate and stop flowing.

T h e  latex was coagulated by the addition o f water. G)agiilation was 
im m ediate and the rubber could then  be w ashed, dried, and sold in blocks 
T h e  rubber was o f inferior quality, even after being deresinated by treat­
m ent with acetone to rem ove m ost o f  the  acetone-soluble constituents' 
bu t it could be used in the m anufacture o f ru b b er articles either with or 
w ithout deresination.

T h e  latex is occasionally drunk  by natives w ithout any ill-effccts 
I t  can be used directly as chewing gum , as it coagulates in  the mouth. 
T h e  milk is palatable and sw eeter than  cow’s milk. Unless dried carefully, 
the rubber develops an extrem ely disagreeable odour.

Euphorbia. T h e  E uphorbias are well represented  in the Western 
H em isphere b u t none o f them  has been an im portan t source o f rubber. 
O ne th at has received som e atten tion  is Euphorbia fu lva  S tapf, which is 
known locally in M exico a s  ‘palo am arillo’ or ‘palo C o lo ra d o ’ . I t  is found 
in the dr>-, sem i-tropical zone on the  slopes o f  the  Sierra M adre at 
elevations o f from  goo to 4,800 ft., and extends southw ards along the 
Pacific Coast o f M exico from  D urango  to sou thern  Oaxaco. T h e  tree is 
from  20 to 34 ft. high, w ith a tru n k  diam eter o f from  7 to 12 in. T he yield 
is low and tlie latex contains only from  7 to  16 p e r cen t o f  rubber but 
about tw icc th at am ount o f  resins.

Aioriiceac

Cijslilla. T h e  m ost im portan t genus o f  Am erican r u b b e r  plants 
assigned to the family M oraceae is Castilla. In  m any references this genus 
has becji corrupted to 'Caslilloa\ because a careless or presumptuous 
translator o f  V. C ervantes’s original description first published  it in English 
as such. Both Cook (1903) and P ittic r (1910) give the  correct spelhne as 
CastiUa.

Spccies o f Castilla are  abundan t from  sou thern  M exico to Bolivia, and 
will ho discusscd later.

I'H iff . Species o f  Ficus Iwvc been reported  from  tropical A merica and 
M.mc o f  t U c r n  have been described as rubber-bearing  plants. Movie 
(19 4a)  l^sts these as ficu s mihelminthica M art., F. doliarta M a r t , , '/ .  
clbptuM U .H., F. Hmphafafolia M ill., and F . prinoides H um b. & Bonpl.

T h e  'm angabeini' nr 'm angaba’ ru b b er tree, HancorniJi 
' t '  ■ «.>ccurs along the  no rth ern  aiid eastern coasts o f Brazil,

m I arajw is'. h  is th e  forenjcKt ru b b er o f  tropical .Ajnerica belonging 
lu t h e  Umily AjHvv-naceae. A ckcrrain  (1901) stated  th at a rubbed 
MiTuUr to Para rubber was being produced  on  the  T o can tin  River, th;»t

j u u r  collecietl, that the  solid p ro d u a  obtained by



heating the juice (Plate 5(2)), bu t that the rubber ^vas little known and had 
not yet found a market. Rusenheim (rSgS) reported that ‘mangabcira’ 
rubber was being exported from  Sao Paulo.

H. speciosa is a small tree and the yields arc low. I t  was exploited as 
a source o f rubber more or less continuously during the first part o f the 
twentieth century while wild sources o f rubber were being tapped aggres­
sively in Brazil. D uring World W ar I I ,  particular attention was p v e n  to 
the  production o f rubber from ‘mangabeira’ (Plate s(^)). U nder this stim u­
lation, there was a total production during the war period o f some 2,000 
to 2,500 short tons o f  rubber from this source.

Native methods o f tapping ‘mangabeira’ and coagulating the latex 
were very crude, although fortunately the latex was quite stable and could 
be kept for several days without deterioration. Coagulation was brought 
about by heating or by the use of table salt or alum. Bekkedahl & 
Saffioti (1947) made a study of the latex and rubber o f ‘mangabeira’ and 
reported a mean dry rubber-content in the latex o f about 33 per cent, 
with values ranging from 25 to 40 per cent. They  found that the native 
coagulants, alum  and sodium chloride, had a degrading influence on the 
quality o f the  rubber, the best coagulants being hydrochloric acid (about 
0*5 per cent) and the latex (about 5 per cent) o f  the caxinguba tree. 
Ficus anthelmintkka M art. They stated, ‘Mangabeira rubber is softer 
and weaker than  Hevea rubber, but with the improved methods of pro­
cessing, the physical and ageing properties o f the mangabcira rubber have 
been greatly improved, and this rubber may find commercial application 
in  the future, especially as a special-purpose rubber’.

Plurneria. Olsson-SefTer (1911) states that the rubber p lants o f Mexico 
knov^ n  commonly by the Indian name, o f ‘cacaloxuehitl’ include chicfly 
Plurneria rubra L . bu t also P. acutifolia Poir. and P. lamhertiano LIndl. 
(listed by Olsson-Scffer as P. mexicana). These spccies occur over con­
siderable areas in central and southern Mexico and Central America at 
elevations o f from 500 to 7,000 ft. T he trees average about 12 ft. in height 
and the trunks are from  6 to 18 in. in circumference a t 3 ft. from the 
ground. T h e  latex may be collected from November to February and 
averages from  14 to 16 per cent o f  rubber; although a single tree has 
yielded i  lb, and 3 oz. o f rubber, the yield is usually much less. T he 
young branches are rich in rubber, and periodic clipping followed by 
m aceration to obtain the rubber was suggested by (JIsson-SefTer. T he 
rubber contains from 12 to 20 per cent o f r« in s  and is soft. Kaye (1911) 
described cacaloxuchitl rubber as clean and light-coloured, but lacking 
in strength  and clasticit}'.

Couma. Several species of Couma have been reported as sources of 
rubber in Brazil. M ojie  (1942) lists among these Ceuma macrocarpa 
(B arb .)R o d r.,C . rigida M uell.,and  C. tt/z/wMuell. K arling (i935) made a 
detailed study o f the production of latex by Couma guatmalensii Standi.
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K arling was interi-stcd in this tree as a possible source o f cliicle and mide 
no study o f the gum  from  the latex, b u t it is to  be assum ed that the 
hydrocarbon in C. gimtemiilcnsis is ru b b er (rather than  g u tti , which is 
found in chicle).

R u b b e r - B e a r i n g  P l a n t s  o f  N o r t h  A m e r ic a

Panlmiimn argmuumn G ray, the  guayule p lan t o f  northern  Mexico 
and southw estern Texas, is the  only p lan t native to the U nited  States that 
has been a source o f  commercial supplies o f  rubber. Nevertheless, rubber 
has been found in over 800 spccies o f  p lants native to  the  U nited  States 
T h ere  have been surges o f  in terest in other p lan ts than  guajrule, such as 
the milkweeds, rabbit brush , Ind ian  hem p, and the Osage’ orange ■ but 
none o f  these has assum ed any im portance for rubbW  production 
T h e  first cultivation o f  ru b b er p lants in the  U nited  States was of the 
Colorado rubber p lan t (Hymmoxys florihmida Cock.). T h e  desert milk­
weeds were studied extensively by  the U nited  S tates D epartm ent of 
Agriculture. Following Thom as A. E dison’s work, atten tion  »as  given 
to  the goldenrods, and several h undred  acres o f goldenrod were 
planted durm g W orld W ar I I  to  trj ' to  work o u t a successful production 
procedure.

T h e  investigation o f  native rubber-bearing  plants in the U nited States 
started with the studies o f  Cockerell (1903), o f  the  U niversity  o f  Colorado, 
who investigated the rubber con ten t o f  native .species o f  H yinm orh  The 
first effort to cultivate ru b b er in the U nited  States was m ade in the south­
western p art o f  Colorado early  in the  tw entieth  century.

A  decade after the work o f  Cockerell, Fox (1912, iq i2 i;, 1012^, ig n )  
mvesngated the ru b b er conten t o f  several plants, including  the common 

, j Y  L .), Ind ian  hem p {Apocymm, aiijrm aam filiim
L .; ,  Wild lettuces {Lactuca canadensh L. a n d  L . scariolu L .) ,  a n d  a species 
ot Usage orange {M adura aitrantica N u tt.) .

Surveys o f  Rubher-beurmg Plants o f  the IVeslmi Stales

Several years later, Hall & G oodspeed (,919) m ade a survev of the 
rubber-bearing  plants o f  the western parts o f the U nited  States. Out­
standing am ong the plants studied was the rab b it brush, Clirysafkwrnm 
nm sm m  B n tton  & Brown, which was reported  as containing relativelv 

“  " “ u rn n g  in  alm ost pure  stands. 
Hall & G oodspeed m ade sn m y s  o f the am ount o f  rabb it brush  ami uf

u  “ " ' f ' . " f  «»nds, and estim ated the  vield o f  rubber
th a t m  ght be obtained from  the existing w ild stands. '

incl I h L  { '9 2 1 ) reported rubber-bearing  plaws,
o T t n  e  h -n p -  T h ev  analvzed's.!„ipl«

f  Z  '  k T k  ® propnrnon

!« U n a m  Lngelm, were found to be o f  particular interest 
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O llm  Sunvys o f  Native Ruhbcr-bearing Plants

Following the first W orld War, Thom as A. Edison became concerned 
aboul sourecs of natural rubber and organized surveys o f the native 
plants o f he Um ted States and Mexico. T he results o f his work were 
nev er pubhshed, but during it thousands o f plants, raanv o f which were 
found to con tain from a trace to several per cent of rubber, were collected 
and analyzed.

Polhamus (1933) m ade a survey o f the native species o f goldenrod 
occurrm g near W ashington, B .C ., and later {1957) published a summary 
o f  t ^ t s  m ade by the Lnited  States D epartm ent of Agriculture. Mitchell 
etiiL  (1942) studied the rubber content o f plants native to South Carolina. 
M oxon & \\h iteh ead  (1943) searched for rubber-bearing species among 
the native p lants o f  South Dakota, and Buehrer & Benson (1945) reported 
on those m Arizona. Mmshall (1957) reported on the rubber content of 
native and m troduced plants in Canada. An important contribution to 
the summ arization of knowledge of plants other than Hevea th at have been 
reported as contaming or producing rubber was made bv Moyle (1042) 
durm g W orld W ar II.

Rubber in Fungi, etc.

H itherto , rubber has lieen reported only in flowering plants, bu t re­
cently W', D . S tewart £■/ ul. (1955) isolated rubber from benzol extracts of 
sporophores of species o f the fungus genera Lactarius and Peziza. 
Samples from a mixed collection o f Laciarius species, several sapro­
phytic specics o f Peziza, and a separate collection o i Lactariia dcceptiva, 
were tested. All contained rubber, though it was of low molecular weight, 
b u t the infra-red absorption pattern was almost identical with that o f 
Hevea- rubber. Analysis for carbon and hydrogen showed 87-90 and 11-69 
per cent, respectively, compared with theoretical values o f 88-15 and 
11-85.

(1954) reported rubber of low molecular weight in species of 
BiilanophDrd found parasitizing roots o f Vaccinium and Schima.

R u b b e r  in '  T t a  P l . \n t  K i \ 'g d o m

T able  I I I  lists the families, and the num ber of genera and species 
in  each family, o f plants in which rubber has been reported. T h e  n ea te s t 
divcrsit)- o f plants studied and reported to coiituin rubber was by investi­
gators in N orth  America, and these are shown separatelv with respect to 
plants reported since 1900. A minor portion o f the plants listed under the 
work perform ed in North America were not natives there b u t had been 
tntroduccd from other countries, and some of these plants are also in­
cluded in  the tabulations from elsewhere. Surveys made in Russia were 
com parable with those made in the United States, and the work o f manv 
Russian investigators is included in the final colum n o f  the table.
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T A B L E  I I I

SHOWING, BY FAMILY, THE NUMBERS OF GENFJIA AND SPECIES OF PLANns 
THAT HAVE BEEN REPORTED EITHER AS SOURCES OF RUBBFJl OR AS HAVING A 

MEASURABLE RUBBER CONTENT

B efore 1900

FaiiiiJy
A canthaceae
Accraccae
AJismataceae
A m aranthaccae
A nacardiaceae
A pocynaceae
Ancenc
A ristolochiaceae
A sclq^iadaceae
B alanophoraceac
B alsaininaceae
Boraginaccae
Buxaceae
C am pan tlaceac
O n n a b in a c c a e
G m naceae
Cappraridaceac
C aprifoliaceae
G u7ophyIIaceae
CcJastraceae
Chenopodiaceac
Q m im elinaceae
C om positae
Convolvulaceae
C o ry la c o e
C rassuJaccae
C ru d fc rac
C ucurb itaceae
D ioscoriaceae

Ebcnaccac
Ericaceae
Eucom m iaccae
Euphorbkceac
Fouquieriaccae
Fiicaceae
(jcn iianaccae
O o sn ia c c a c
G rain incac
Guttiferae
H ydropbyllaccac
I^bialac
Lajniiiariaceac
L c^ m iiio sa c
Ltliactrae
L oranthaceac
M alvaceae
M oraceac

S ince  1900 
N o r th  A m erica  E lsew here

G enera  Species G en era  Species G enera  Spccies
2 2
I
I

I
1

I I

I
3

I
7 I 1

2 4 48 41 177
2 2
I I

16 74 6
I

13
]

I 1
2

I

3
I

i 8 I 2

t
3
1

1
2

I
10

3
4 16 2 2
5 6
2

77 2 6 4 16 Ci
3
j

7
I

I 2
4 5

2
I
I

3
I

I 1
2

I I
12

I
I
I

86
I
I
I

I
I
I
i

1
I
I
1

5 5
2 2

24 25 I I
2 2

I 2
2 2
3 13 6 62



Fanuly
M yricaceac
M yrtaceae
Nostocaccae
N yctag im ceae
N ym phaeaccac
Oleaceac
O nagraceac
Orobanchaccac
Papaveraccae
Phytokccaceae
Plantaginac&ie
Plum baginaceae
Polem oniaccae
Polygonaceat
Polypodiaceae
Prim ulaceae
Ranunculaceac
R ham naceae
Rosaceae
Rubiaceae
Sapindaccae
Sapotaceae
Saxifragaceae
Scrophuiariaceae
Sim aroubaceae
Solanaccae
ThjTnelaeaceat;
Typhaceae
U m bellifenic
U rticaceae
Zygopliyliaceae

T o tals
T o ta l families

B efore 1900 Since 1900
N o rth  Am erica Elsewhere 

G enera Species G enera Specics G enera Species

287 336

Among the investigators in N orth ^\merica, Buehrer & Benson (1945) 
found rubber in plants from  eighteen families, Polhamus (1957) reported 
rubber in plants from  forty-four families, and Minshall (1957) reported 
rubber in plants from  fift>'-seven families. T . A. Edison studied plants 
from  150 families and found rubber in plants from eighty-three of them. 
Edison’s collections involved a wide range of plants, including tr®cs, 
slirubs, herbs, annuals, perennials, fems, and horticultural forms of 
ornamejitals— anything that caught the eyes o f his collectors. A separate 
publication would be required to relate the details o f Edison’s rubber 
survey, whilst a mere listing of the genera and species tested and even of 
those found to contain rubber, would be beyond the scopc of the present 
book.



T h e  P r e - e m i n e n c e  o f  Ilevea f o r  C u l t u r e

I t  was far from  apparent in the beginning that, o f  all p lants being tested, 
Hevea would em erge as the m ost im portan t source o f  natural rubber and 
fiially  as practically the sole source. In  jie ld  at any one tapping, Custilla 
was superior to Hevea ; moreover the  Ceara ru b b er tree, M aniho! g lazinii, 
could be grown u nder drier conditions, w here sanitation for men and 
trees was superior to th at possible in the  hot, hum id  areas th at were 
favourable for the  cultivation o f  H m ii ;  fu rtherm ore, Ficm  elasticu was 
endemic to  areas o f the  East with large populations th a t w ould be available 
for estate operation.

\

Response to '

C ertain advantages o f  Hevea were quickly rccognizecl. Native tappers 
o f Hevea in Brazil knew th at yields increased as tapping: was continued, 
and this phenom enon was noted by the  native tappers even though their 
system o f tapping did not involve the reopening o f the  cu t— a development 
th at was the result o f  experim ental tapping  o f planted trees in  the East 
and came only m uch later. N ative tapping  was done w ith a small, long- 
handled hatchet (m achadinho) w ith which the tapper chipped out seg­
m ents o f bark by cutting  into the  wood. O n  successive day ',  o ther hark 
segments w ere chipped out in a sim ilar m anner—close to b u t n,<t touching 
the cuts m ade on the previous day. 7 ’he flow o f  latex increased as the 
tapping operation was repeated. Later, the m achadinho was replaced by the 
Amazonas^ knife, and grooves replaced the gashes resulting from the 
chippm g. The grooves m ade by the Amazonas knives were sim ilar to the 
tappm g cuts m ade w ith gouges or the m odern ‘jebong’ tapping  knives - 
yet with an im portan t difference in  that, in the jungle, d ie cu t tnade the 
prcvuHJS day was never reopened, b u t a small ridge o f unexcised bark 
was left between successive cuts (Plate 6 {a)). T h e  propinquitN ' o f the cuts, 
however, was sufficient to induce the  increased flow noted bv the tappers, 
and later term ed ‘wound response’ and finally ‘dilution reaction’ in ihc 
i\ast.

NumcTf>uR small plantings o f Hevea were m ade bv early tappers at the 
camp-sites established for th e  exploitation o f  the native trees, 'riicse 
plamings can be rccogmzed by the cfose, ordered location o f the  trees. 
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Such a planting that has been tapped succe^ivcly by  the machadinho, 
Amazonas knife and, finally, by the jebong knife (Plate 6 (/>)), illustrates 
the increasing care that has been taken in tapping.

Chance as a Factor in Early Preference

Wickham. T h e  introduction o f almost pure Hevea hrasiliensis into 
the East had many elements of chance. Wickham was not a botanist and 
m ust have depended largely on native knowledge for the selection o f  the 
trees to serve as sources of seed. H. guiatunsis is m uch more prevalent in 
Brazil than  is / / .  brasiliensis, and is a good rubber tree. H. benthamiana 
has as wide a distribution in  the Amazonian region as H. brasiliensis, 
and is the  source of a rubber of equal quality. There are at least five other 
species that W ickham might have collected that would have given inferior 
types of rubber.

I t  happened that W ickham made his collection on the banks of the 
Tapajos River in an area where H. brasiliensis the only species of 
Hevea available. As a result, \^’ickham’s seeds were obtained from trees 
o f  this one species and this first and most important introduction set the 
scene for the  sole use of H. brasiiiensis in the initiation o f the rubber 
plantation industry. Later, other species o f  Hevea w'ere introduced; but 
extensive plantings o f  H. brasiiiensis had already demonstrated its value.

Ridley. T h e  early selection o f Heven for plantation use can also be 
ascribed to the chance that some of the seedlings were planted at the 
Singapore Botanic Garden, and that the Director of the Garden when the 
trees reached m aturity was an outstanding botanist who took an active 
interest in this new product and in the tree from which it was produced. 
Actually, the seedlings were never intended for Malaya, Indonesia, or 
Q jylon— the centrc o f ihe rubber plantation industr)' today. T he Wickham 
collection w- ? made at the instigation o f the India Office and the costs 
o f the operation wczc borne by the Government o f India. Fairchild 
(1928) states that cuts in an appropriation made it impassible to establish 
a rubber station at Tenasserim , Burma, as had been planned, and so the 
seedlings were sent elsewhere. T he decision was to send the seedlings to 
established Botanic Gardens in the East, Ceylon being preferred. Singa­
pore was chosen to receive a m inor share of the shipm ent, but distinctly 
as a third choice.

H . N. Ridley became the Director of the Singapore Botanic Garden 
in 1888. He became greatly interested in the Hti'fn  trees and look it 
upon him self to conduct tests to determine the best way of lapping the 
trees and producing rubber. He finally took the lead in championing 

‘ the planting o f H a ra . T his championship was largely instrumental in 
getting the first plantings started, and if was for this that the rubber 
industry honoured him on the occasion o f his hundredth b inhday, in 
Decem ber 1955.



Parkin. T h e  chancc that sent the bulk o f the seedlings resulting from 
W ickham’s collection t«» Pcradcni)‘a, Ceylon, also exposed them  to John 
Parkin, f ie  rook an interest in the preparation o f  rubber from  the latex 
and interested him self in dcvisinji a m ethod o f  coagulation th at would be 
better suited to ^ ta te  operations than  the  smoking m ethod of the 
Brazilian natives. Parkin (1910) was the first to  use acetic acid to coagulate 
the latex. His tests were conducted in  1898 and 1899 and resulted in the 
recom mendation o f using i volume o f acetic acid to 100 volum es o f latex. 
O n the face o f it, this was not a major contribution to rubber technology 
and, as in the case o f Ridley’s tapping m ethod, the  use o f  acid for coagula­
tion  has been greatly improved and the  proportions o f  acid decreased. 
M oreover, formic acid has largely replaced acetic acid in  estate use; but 
the im portant th ing  is th at this early contribution  was basic to the bulk 
handling o f  plantation latex. T h e  elem ent o f  chance th a t resulted from the 
Hevea seedlings being sent from  Kew  to Peradeniya and Singapore, 
rather than dircct to  Burm a, brought the  trees to  the  atten tion  o f Ridley 
and Parkin. T h e  cu t in appropriations th a t prevented the  plants from 
going to Burm a may have had greater influence than  has been recognized in 
the rise o f  the Hevea plantation industry’.

T h e  T a x o n o m y  o f  Hevea 

The Natural Distribution o f  ̂ Hevea’

T h e  genus Hevea is confined to South  A merica— prim arily  the Amazon 
Valley, though it has also been reported from  the upper Orinoco Valley, 
the Guianas, and M ato Grosso. Schultes (1956) states:

//n-w  exhibits much morphological variability and chooses a wide range of 
c*a>logica1 sites. Its members range from forest giants to shrubby, sometimes 
^m ost pro.strate, treelew and are found growing in deeply flooded and aliuvial 
land, in acidic boggy sites, on high weli-drained upland, and on the tops of 
xeropli^ic quartziric mountains. As in many groups of tropic'al trees, natural 
variabjhty ha.s led, in the past, to the description of too many specific con­
cepts. At one time, specialists held that the genus comprised twenty or more 
specics, but recent workers are in essential agreement that there are oniv 
eight or nme.

Detailed botanical descriptions o f  the  rubber-bearing  species need 
not be given in this book as these have recently  been published bv 
Schultes (1950).

The Ruhhcr-bearing Species of^Hevea'

Hevea brasiliemis is by far the m ost im portan t o f the  species o f Hevea. 
Ninety-nm e per ccnt o f  all the  natural rubber produced in  the world 
comes from this one specics. O ther species have been in troduced into 
the Last s.ncc the time o f Wickham, bur only in small am ounts for scien- 
uric tests. 1 here have been no specific scientific com parisons o f  sizeable 
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populatif)ns o f  the  various spccies o f Hevea. Chcmical analyses o f  rubber 
from  wild trees o f  some of the species have indicated that, in general, the 
rubber from  / / .  brasiliensh is superior to that of most other species in that 
it has a lower percentage o f non-rubber constitucnK. Samples of rubber 
th at arc in no way inferior to the best samples o f rubber from H . braiiliemis 
have been obtained from  trees of H. benthamiana, and samples of good 
qualitj' have been obtained from H, guranensis.

Hevea brasiliensis is confined largely to the area o f the Amazon Valley 
lying south  o f the  Amazon River. I t  is found north o f the river only in 
one small area west o f Manaos, while Ducke (1946) has reported it 
outside the Amazon Valley in M ato Grosso and Parana. In  the lower 
A m z o n , it is found mostly in periodically flooded areas; b u t in Mato 
Grosso, Bolivia, and in the M adre de Dios area in Peru, it is found on 
well-drained upland areas and there it is reported to reach a height of 
130 ft. Its latex varies from white to cream-white. Schultes (1956) states, 
‘Because o f  ou r fuller knowledge o f this concept, some workers have 
thought Hevea brasiliensh to be the m ost variable o f the species; in reality, 
it is no m ore variable— and probably less—than most o f the  other species’.

Hevea benthamiana, which has a pure white latex, is one o f the most 
distinct o f the  species, and is found only north of the Ama2on River in 
the northw estern part o f  d ie Amazon Valley and the upper Orinoco. 
Individual trees can be recognized readily by the golden indument on the 
undersurface o f the leaves. T here  is comparatively little variability- within 
the m em bers o f this species in  the undisturbed forest. I t  is normally a 
m edium -sized tree but may reach a height of 80 ft., and it is found in 
low, alluvial, flooded areas and often in all-year bogs. I ts  m tu ra l range 
overlaps th a t o f H. brasUiensis only in a very small area west of Manaos. 
Natural hybrids o f the two species have been found in that area.

Hevea gniatietists is the m ost widespread o f all the species o f f/n 'fij, and 
is found throughout the range o f the genus. I t  exhibits much morphologi­
cal variability, and Schultes (1956) suggests that its wide range and this 
variability m ay possiblv indicate that guianensis is one of the oldest 
spccies o f  Hevea. T ogether with its variet>', lutc’u, it may be recognized 
by the conspicuously erect leaflets. Both are tapped over a wide area, 
especially in  eastern Colombia. H. guimensis is a giant tree chat may reach 
a height o f  m ore than  100 ft., emerging through the Jungle canopy. I t 
prefers well-drained uplands or high river banks that are subject only to 
light flooding for short periods.

Hevea spxiiceaiui occurs in great abundance on low and deeply-liiKHleJ 
river banks along the Amazon River from its mouth up to alnmt its con­
fluence with the Ica  or Putumayo, and along ihe lo\vcr courses o f the 
tributaries o f the lower Amazon. Seeds o f 11. spruceatm are the largest 
in the genus (Plate 7). Its watery, white latex prtKiuccs only small quan­
tities o f rubber o f inferior quality, bu t it is included in the rubber- 
bearing species o f Hevea because it has received more attention for possible



use in pJantaliijn plantings than otiier specics (apart from  / / .  hasiliensh] 
At one time it was considered as a possible rootstock for H. hasiliettlis 
in  wet areas, but as sucli it has given uniform ly poor results. Hybrids of 
/ / .  sprufcand and H. irasilimsis have been studied, and some o f them liave 
proved promising for disease resistance in the Americiis. In  the East, the 
hybrids are reported to have increased greatly the  yields o f high-yicldin« 
clones when the hybrids were used as rootstocks.

M orphology a.nd A natomy of C ultivated F orms

R ubber production in  Hevea is entirely from  the bark. T he roots 
wood, leaves, and o ther portions o f  the  plant do not en ter into rubber 
production directly. T ree  stum ps w ithout leaves have been tapped and 
have continued to yield latex for long periods. In  some cases, such stumps 
formed root-grafts with neighbouring tree.s. Frey-W yssling (1932) 
tapped a felled tree for si.K weeks before it proved impossible to obtain 1 
flow o f  latex any longer. A predom inant portion o f the  rubber synthesis in 
Hevea is the result o f bark activity a t or near the  poin t where the tappin?
IS done. I'ollowing tapping, latex movement has been detected many fee° 
from the tapping cut, and it can be assumed that cell activity in the rescn- 
eration o f the latex constituents removed by tapping is stimulated through­
out Ihe area where flow occurs. Frey-W yssling (1932) and Schneizer 
(1041) showed that the rubber in the latex that flows out after a tree is 
tapped, originates principally within i or 1 7  metres below the tappins 
cut. Lateral (horizontal) flow is at a rate o f about one-ninth that o f Ic.nei- 
ludiiial flow. The drainage area, therefore, comprises the entire panel 
below the tapping cut 10 a depth o f t to 1 7  metres, plus one-ninth of tk  
vertica distance to left and right o f the panel at the level o f the cur, con- 
smctcd in tho vvRith of rlic ]>ancl ai ihc base o f the drainage area, but with ■ 
sniue dratnap fmrn abnvc the tappiii^r cut.

Kubbcr IS the major oinslitucm in Ui-vm latex other than water, 
luaking lip normally some ,50 lo ,!5 per cent o f the wct-weight o f the latex.
I he tapping operaltcn sets up a movement o f latex in the latex vessels 

at the same time, a movement o f water and water-soluble materials 
rom the siirrouudmg lissue inlo ihe latex lubes - 10 ei|ualize the pressures 

resn ling (nun ihe ornflow o f the late.v. Notwithstanding the movement

. I T T  IVom the cut, a signifiani
I o M m -.1 Ihe Ihlid removed from the tree a. any tapping was not m the

int lit' r ?  ' " a s  m.idc: this m ovem ent o f  water and solutes
c ..ov vessels tumx the snrrounding tissue is com m onlv term ed the

t «  i '  has been estimated

nwMc ihc b tr\  \csscU,

n . r  K „ i  ,horer..n: (he tissue in  ru b b er fo n rn ii.... ;.nJ,
..V .nr ruhhct )mxJuciion, the anjtom> o f  the  b irk . m i



the differences in the  anatomy o f the bark o f individual trees or clones 
arc im portant in the selection and propagation o f superior t j  pcs Bobilioff 
(1923) m ade an intensive investigation o f  the anatomy of l i m a ,  and his 
illustrations have since been drawn upon extensively to illustrate articles 
on this subject. From  the standpoint o f rubber production, the important 
structures m or related to the bark are the cambium layer from which all 
new tissue originates, and the specialized vessels, the latex tubes in 
which the rubber is found. A t the time of BobilioFs studies, considerable 
artention was being given to the bark-latex-vessel relationships in the 
search for m easurable characters that would have a sufficiently dose 
relationship to yield to be o f use in predicting, in immature seedlings, the 
performance o f the m ature tree. T h e  development o f bud-grafting has 
largely obviated the necessity for testing seedling performance in the 
establishm ent o f  plantations, and the measurement of bark thickness and 
the  num ber o f latex-vessel rows no longer assume the importance they 
once did.

Bark Colour

Bark colour is considered by native rappers in Brazil as having con­
siderable sig:mlicance. T h e  rubber from the so-called ‘black-barkcd’ trees 
is reputed  to be o f  particularly good qualit>', and the jie ld  o f the trees is 
said to be high. T he colour o f the inner bark o(Hevea  varies from slightly 
pink to a dark red or purplish (black bark), and the prnpf)rtion of trees 
with dark bark varies with localities, the highest proportion being found 
in the southw estern part of the Amazon \'alley. In some areas, pure 
stands o f  the black-barked trees were repctrted.

Bark Texture

N rivu  bark varies from Ir.ird and gritty, with a liigh prnp«inion of stone 
cells, to S(*ft anil checsy or soft and corky. T he texture o f the hark has not 
been found im purlani in the selection of seedlings for yield, hut has been of 
great importance in tile selection ol high-yielding seedlings fur vegetative 
propagation. 'Phe variation in bark texture is a lunnul variation in seed­
ling populations; but vegetative propagatinn rraiihs m clones v îth uni­
form bark characters, ami it is desirai>lc 10 select those ihai can he tapped 
most easily.

Bark Thickness

Rutgers (ly iH ) studied H,7H7 needling U ri', i,t l ln c u  brviutitnih jju l 
reported bark ihickncsses varying froni 1-; n u n , Lilihouuli h tif ly  
h a lfo fh is m m u re m e n is  wt-n-from j o i n  t i  miii I H u e  { arud»i..l 
the variation in bark rhickneM» in imliv»*huj irt'ro j i  Imuliis fti.ui
the ground. He rciw;ried iha! ilu mrai) iJiicViir::-'; <4 liit lu>k iff iIm j-.u 
dght-ycar-ojd trees that he 5 wuh 4 of 1 h

• 8 * 9  mm, a t 2 f t.; 7 7  mm. -ai v U : 7 mm 4 fj - it.t,. .< ii
'/>7



La Rue compared the bark thickness o f  a tree with a conical trunk  (typicaj 
o f seedlings) with that o f  a tree w ith a cylindrical trunk  (typical of bud- 
grafts, b u t in this case a seedling). T h e  conical tree  had a bark thickness 
o f  11*5 m m. at a  height o f i ft., w hilst the bark o f the cylindrical tree was 
8*3 mm. thick at that height. A t 5 ft., the bark  thickness o f  the conical 
tree had decreased to 6-5 m m ., while th at o f  the  tree w ith the cylindrical 
trunk had decreased little and was still 8-o m m.

La Rue found a correlation o f only 0-26 betw een the  bark  thickness 
and the annual yield o f  rubber. In  o ther tests, L a  R ue (1921) found a 
correlation o f  0-366 between bark thickness o f  m other trees and that of 
their seedling progeny, in d ia iting  th a t some factor is inherited for bart 
thickness b u t that it  is partially masked by o ther factors.

Latex-vessel Rows

In  Hevea, the rubber is contained in  the  tree  as a latex in  a system 
o f  articulated latex vessels, which are the  conducting organs th at allow 
the latex to  flow to  and out o f the tapping  cut. T h ey  originate from the 
cam bium  layer, and the latex vessels form ed at any given tim e anastomose 
freely and form a cylindrical layer around the  stele. T h e  next layer is 
form ed inside those form ed previously and is largely independent, 
though some interconnection occurs betw een adjacent cylinders. The 
latex-vessel system consists o f  a num ber o f  lacy concentric cylinders 
co n fin e d  in the  bark o f  the tree. T h e  ou ter cylinders are  distorted and 
sometimes disrupted, owing to the  pressures arising from  increasing size 
o f the tree, and some o f  the  interconnections developed in the young 
cylinders are later destroyed by the growth pressures on  the old cylinders. 
T h e  num ber o f these cylinders a t d ifferent heights in  any given tree varies 
considerably, and this variation is closely related to  bark thickness which, 
m  general, is greatest at the base o f the tree  and decreases w ith distance 
from the ground. T h e  num ber o f  cylinders varies from  tree to tree, and this '  
variation is independent o f the variation in thickness o f  tlie bark. La Rue 
(1921a) found a correlation o f only 0-15 betw een bark thickness and the 
num ber o f  latex-vessel cylinders in  a population o f  1,004 m ature trees 
studied by him.

In  addition to the strain  put, by the outw ard grow th o f  the  hark, on 
the latex vessels o f  any given cylinder, there  is an increase in the  di.starice 
between cjim ders. T h e  innerm ost cylinders arc close together and the 
Jatex vessels com prising each q d in d er arc here close together. In  tapping, 
each millimeter o f deeper penetration o f the  cu t intercepts a greater and 
S g h e T y S  latex-vessel cylinders and gives progressively

A  bark segment cut for study  o f  the  bark s tru c tu re  and ktex-vcsse! 
arrangem ent presem s the  latex vessels, in cross-section, in a series of 
rows T h u s  the term s latex-vessel rows, latex-vessel cylinders, and late..- 
vessci nngs are, for general reference, synonymous. T h e  num ber o f rows



of latex vessels may v an ' from  one or two in young seedlings to more than 
fifty in the bark o f  large trees.

itUex-vessel Size

T he num ber o f latex-vesscl rows has been found to be correlated 
significantly w ith tlie yield of seedlings, the correlition reported by La Rue 
( ig i jo )  being 0-513. T his correlation is high but not sufficiently close to 
be used as an independent index o f yield. In recognition of the fact that 
the size of the latex vessels, as well as their num ber, would have a strong 
effect on yields, Ashplant (1927, 1928) suggested the use of latex-vessel 
diam eter as an index o f yield. As the internal pressures o f the growing bark 
distorted the vessels in the bark and made measurement o f the diameters 
untrustw orthy, Ashplant proposed that the diameter o f the undistorted 
vessels in the leaf petioles be used. He held that a large proportion o f the 
low-yielding trees could be eliminated at an early age by the simple device 
o f discarding those with a  small latex-vessel diameter. After a b rief period 
of popularity, this criterion o f yield was discarded because the method o f 
determ ining latex-vessel diameter proved slow and cumbersome, and 
m oreover the underlying principle was never substantiated as valid. 
Sum m ers (1930) published an excellent review of this tube-bore (latex- 
vessel diam eter) theon,", finding some confirmation o f Ashplant’s claims 
but, nevertheless, general scepticism among scientific workers.

Bark o f  Clonal Trees

T h e  wide-scale adoption o f vegetative methods of propagating Hrcea 
krgely  obviated the need for comparing new seedling production except 
in breeding tests for developing new, superior clone-mother trees. The 
vegetative progeny o f a single clone-mother tree is known collectively 
as a clone, and is given a special designation consisting usually o f an 
abbreviation indicating the originating estate followed by a num ber to 
differentiate it from  other clones. In  Hevea^ the budding operation is 
accomplished by  implanting a bud o f  a high-yielding scion in the bark at 
the base o f a seedling rootstock. T he details o f tliis budding operation 
will be discussed later (pp. 183-4).

Bud-grafting brought about the development of an entirely new t}'pe 
o f tree. I 'h e  normal seedling Hevea stem tapers regularly from  base to 
top, whereas trees resulting from  tlie bud-grafting o f high-yielding scions 
onto ‘seedling’ rootstocks lack the characteristic growth o f ‘seedlings’ and 
take on the characteristics o f branch growth rather than o f stem growth, 
riius clonal trees are cylindrical in form, with much less taper than is 

characteristic o f ‘seedlings’, and a comparable growth character is also 
lound in the bark o f  the  clonal tree, which k is  a uniform  thickness for a 
much greater height than dues that o f ‘seedlings’. T h e  m aximum thickness 
of the bark o f the  clonal tree is less than that o f a ‘seedling’ o f  comparable 
si2e (pp. 67-8), and greater care is needed in tapping it, although this
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need is parrially compensated for by the fact th at all o f the  trees of a 
monoclone planting have uniform  bark and so the tapper docs not need 
to readjust his tapping from  tree to tree as is necessary in tapping variable 
‘seedlings'. This advantage o f clones m ay be lost in  some areas, as for 
example in the W estern Hem isphere where polyclone p lantings have been 
recom mended to avoid building up  specialized strains o f  disease organisms.

Brown Bast Disease Caused by Tapping

Standard tapping sequences and designations o f tapping methods 
will be discussed elsewhere, as, at this point, we are interested in  tapping 
as an innovation in the economy o f the Hevea tree and its cft'ect on the 
health and well-being o f  the  tree. Early in the developm ent o f the planu- 
tion industry, it was found th at there  was considerable variation in the 
reaction o f individual trees to  tapping. T h u s  m any seedlings, though 
mostly those witli above-average yield, had a tendency to dry  up  and stop 
bleeding when tapped even with a conservative tapping  intensity of 
altem ate-day tapping on  a h a lf  o f the  circum ference o f the  tree. This 
phenomenon occurred frequently  in  ‘seedling’ areas and \vas known as 
brown bast. Rands {1921) showed th at this condition resulted from a 
physiological reaction to being tapped, and consisted in the precipitation 
o f  wound gum  in  the severed ends o f  the  latex vessels. In  some cases, the 
wound gum m erely clogged the vessels and im peded the flô ■̂, while in 
otlier cases it completely closed the vessels and caused a complete stop­
page o f  the flow o f latex. In  m ost cases, it was found that reducing the 
intensity o f  tapping reduced the incidence o f brown bast.

Cambium Injury Caused by Tapping

T h e  bark of a Hevea tree can be pared off carefully in  tapping, without 
any apparent injury to the tree. However, injury results if  the cambium 
layer is cut by  the tapping knife: yet it is necessary to  cu t as close as 
possible to  the cambium  layer to get m axim um  yields. W ounds resulting 
from injury to  the cam bium  m ay develop in to  hard, scarified tissue that 
makes it very difficult to  tap the renew ed bark when the area o f the tree 
is again reached in the tapping sequence. Skilled tappers do an almost 
iticredibly good job o f deep tapping with a m inim um  o f injur}- o f  the cam­
bium ; but some wounding is unavoidable.

In  the Brazilian jungle, where tapping has been done with the macha- 
dinho, tlie trees have ugly, prom inent growths and m ay become greatly 
swollen al the base (Plate 8 («)). T h e  trees can recover fully from  such 
wounding only by continued growth and the incorporation o f  the wound- 
scars into the wcf,d o f the tree (Plate 8 (/»)), and such recovery m ay require 
many years. \Vu!i pliinted icccs, such a condition w ould be untenable. 
In  ihe absence o f disease. Ikveu  trees can be tapped continuously for 
manv rears, and (here is no cvidencc at present th at suggests a limit. 
Hate 9(,z) shows an anviciil, wild iree  that has survived m any years
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of m istreatm ent b u t that, with num erous cuts necessitated by its mis­
shapen trunk, was slil! pe ld ing  over 3,000 cubic cm. o f  latex at each 
tapping.

Disease, however, takes a greater toll in single-culture plantations 
than in  nature (where individual members o f a species may be separated 
by many and diverse plants). Continuing improvement in platiting material 
makes the replacem ent o f low-yielding trees commercially desirable, 
irrespective o f disease.

Pre-tappmg Yield Tests

In  breeding and selection work, it is a matter o f urgency to determine 
the yield o f  new selections at as early an age as possible. Exaggerated 
pricking tests such as th at using the Cramer knife (Cramer, 1938), or early 
tapping to the  wood as in the M orris-M ann test (Morris, 1931; Mann, 
1932), have been used with some success. Other factors, such as bark 
renewal and rate o f increase o f flow, are tremendously important in as­
sessing the  value o f new clones, bu t such measurements can be obtained 
only through tapping tests. Early initiation o f the tapping tests, with 
attendant reduction in growth-rate, may have been the  cause o f the dis­
carding o f m any selections that might have been outstanding if  retained. 
W hen the Japanese overran Sum atra in W orld W ar I I ,  breeding plots in 
many cases were abandoned before the new progeny could be tested, and 
before the discards could be eliminated in other cases. Enforced rest and 
growth during the war, m ade i t  possible to reassess many of these selections 
after a period o f  years. Some o f the selections that were to be discarded 
as a result o f  the initial tests showed outstanding promise in these new 
tests and outyielded the ones formerly chosen for retention. There may 
be m erit in delaying the testing of new selections, as well as in postponing 
the initiation o f commercial tapping, to prolong the initial growth-rate 
for an additional year or so.

Bark Renewal
T apping systems depend prim arily im the reaction ot the tree and the 

yield o f ru b b e r . ' There m ust also be a  balancing oi the rate o f ctinsumption 
of bark and the renewal o f the bark. In  the absence ot disease, the bark 
is renewed rapidly if  tapi^ing is dune conser\;Uively and injury to the 
cambium  is kept to a minimum . A period o f at least seven j ears is needed 
for the complete renewal of the bark. Dijkman (u ) 5 0  estimates hark 
consumption in daily tapping as 1  in. per month, in akernate-day 
tapping a.s \ in. per nm nth, .uul every-ihird-day tapping as q-8 in. per 
m onth. He estimates that, if irees are tapped daily in iiliernatc months, 
bark coasum piitm  will unioitiu ui 1 in, per iunmh, and that daily tappmg 
every th ird  UKjutli will give bark cunaumptiDn equivalent ui c-68 in. 
per m onth. IHs cstiniaies ot ific ta|»piiig n h e  time required lu use 
up the original bark ihc tieir 10 a height uf 1 nielre) fur ihret- diitcreat
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G r o w t h  C h a r a c t e r is t ic s

L e a f Storeys

TIkj growth pattern o f  voung Hetxa trees is characterized by alter­
nating periods o f  rapid elongation and consolidation. A flush o f ’groMTh 
starts o ut ver\- rapidly and  the first in tem ode m ay be considerably o\ er a 
foot in length. I 'h e  length o f  the  next internode m ay be less chan an inch, 
and the succeeding intem odes are shorter and shorter until growth 
comes to a temporar>^ stop. A t first, the leaves o f  the  new Hush are pendant, 
bronze-red in colour, and quite small. B ut while term inal gro \\ih  is 
halted, the young leaves increase in size, tu rn  green, and become hori- 
zonul. As the leaves reach maturit}' and sta rt their role o f  photosynthesis, 
the terminal bud becomes turgid, changes from  brown to b righ t green, 
and prepares to initiate new growth. A young seedling consists o f  a series 
o f these flushes o f growth.

G n m h  Pattern and Dhtinpmhing Characteristic! o fC h n is

This flush type o f growth can manifest itse lf in  many wavs, and manv 
o f the selections that have been m ade and propagated as clones (the vege^ 
ratiNc progeny o f a single seedling) have characteristic growth patterns 
by ^ .e fa  they may be recognfeed. P rior to  the initiation o f  branchine, 
he clones may be distmgmshed with little difficulty by one familiar with 

been miH diagrams and clone descriptions have
Frev W  A  & O stendorf (1912),
a D m em ^f u Ost™ >lorf{i9 3 =). T h is  established
P r S a ^  ?  V published later bv the Java <Centrale
Proefstations Vereemgmg’ (Anon., 1935) and by  D ijkm an (,951).
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The young buddings are  classified as to;
(ii) TIu' sMn: its reiarivc CTnwth and ph>-sjca} appearanct sn*.i parricurmt\- 

as to  ^^'hcrhcr it is e rc a  or leaning.
{b) The hark: separate observations are made on the bark chsra.'ter!>;j'i,'s 

o f the  green portion, the brown-green transition porfiwi, and the 
htown po rtio a  o f  the  stem . In  the brow.Ti and bro^n-green porti^ms, 
the size and shape o f  the ienticels are important and, in  the 
bro^-n portion where charaaerisric gro^vth-checking has taken place, 
the tj'pe  o f  bark  pattern  is observable and is distinct for different 
clones.

(f) The node: the points o f  observation are based on the characteristics 
o f the dorm ant bud in the  axil o f  the leaf and on the leaf scar, both 
o f  which are  characteristic o f ind i\idual clones. T he observ ations are 
normal or abnorm al and whether protuberant or sunken.

{d) Tiu composite shape and appearance o f  the leaves cotnprmng the youngest 
full-grom i kaf-fiush. T h e  shape is designated as small or large 
‘hem isphere’, small or large ‘bow-shaped’, or small or large ‘truncate 
cone’. Particular note is m ade as to the separation betvs een the flushes, 
as some clones have long separations between the successive flushes 
while in o ther cloncs the flushes appear more or less to merge. Some 
clones have a relatively dense concentration of leaves at e ich  flush, 
while others are  sparsely foliated. In  some, the leaf margins at the 
pcripher)' o f  the flush are separate (open umbrella), bu t in others 
they m eet or overlap (closed umbrella). T he relative size o f  the com­
posite storey is designated by descriptive terms such as broad, narrow, 
large, small, high, or compressed.

(f) The leaves: being com pound, the  Hevea leaf is n u d e  up o f a petiole, 
petiolules, and leaf-blades. Each o f  these is used in die description 
o f the  cloncs. F or this purpose, the leaves o f  the youngest fuU-grown 
flush are used.

In  describing the  petiole, the geotropic orientation (horizontal, 
downward, or upward), the shape (straight; arched, bow-shaped, 
or convex; concave; sigmoid or S-shaped), and the relative size, 
are all noted.

W ith  regard to the  petiolules, notes are made regarding the 
geotropic orientation in relation to the petiole (parallel or upwards), 
the shape (claw-shaped o r raised), and the relative size in comparison 
with those o f  o ther clones.



T he middle leaflet is used for leaf>bladc description and the 
distinguishing characteristics are:

(1) T h e  colour, lustre, and texture.
(2) T he shape and dimensions (the relation betw een length and 

w idth, the location o f  greatest w idth, and the  m anner in 
which the margins o f the leaflet taper into the base aiid tip) 
give rise to  three descriptive term s: elliptical, where the 
length is about three tim es the  w idth and the greatest width 
is about in the m iddle o f the leaflet, w ith the m argins tapering 
equally towards base and tip ; ovate, M'here the  greatest 
w idth is bet^veen the m iddle o f  the leaflet and the base; 
also diamond-shaped variation o f  the elliptical form.

{3) T h e  margin, apex, and base o f the leaflets.
(4) Thelong-section profile (straigh to r convex)and cross-section 

profile o f  the leaflets (flat, V-shaped, boat-shaped—i.e. 
concavc— or reverse boat-shaped— i.e. convex).

(5) Position o f  the lamina w ith respect to  the petiole (whether 
open—outspread—or closed— hanging down— , as in an open 
or partially closed umbrella),

(6) Position o f the leaflets with respect to each other (free, 
touching, or overlapping).

(7) W liether there is any abnorm al num ber o f leaflets.
A iaturc buddings that have rcached tapping size d ifltr  chiefly from the

young buddings in that the perm anent branches have been formed and 
the tree is seeding. A general impression can be obtained by  study uf:
(a) The stem (leaning or vertical, round or oval, etc.).
{b) The colour o f  the stem and branches (reddish, grey, brown, black 

patches or blotches, etc.).
(f) The shape o f  the crown (broom -shaped, round, coniail, oval, etc.), 

In  some clones the main axis keeps on developing and the branches 
grow scattered along the upper portion o f the trunk. In  others, ter­
minal gro\^th o f  the m ain axis ceases and, w ith these types, the number 
r '^ranches and the other branching habits are im portant.

[a) LeaJ arrangement and density have the same im portance in diflcr- 
cntiatmg between m ature clones that they have in young cUmcs.

The Seed-coat

T h e  sced^oat is characteristic o f the clonc-m othcr tree and was used 
y  Sprecher (1915) in an early classification o f clones. All seeds from an 

m dm dual seedhng are distinguishable from those o f any other ‘seedling’

gated vegctatively, reproduce the seed characteristics o f  the clone-moihor. 

and d e t^ H .  T "  't o fd ifferen tia ting  between clones

expression o f the characters m ay vary slightly, owing to growth



conditions which may affect the size o f  the seeds. Unequal devdonment 
„f the ovules may result m  differences in shape due to unequal prsssurcs 
within the developing pod. A twenty- to fifty-seed sample is sufficient to 
detetrame whether there has been any mixing o f clones, as any differences 
in size, shape, and colour pattern  would be immediatelv apparent In  the 
East, the experim ent stations m aim ain collections o f seeds of commercial 
clones and are able to identify such clones. Elsewhere, it is necessarv for 
individual workers to m aintain their own reference collections.
The Latex Reaction

T he latex also is useful in comparing and identifying clones. Many 
clones have a characteristic yellow colour about the latex and may be 
recognized readily in comparison with those with white latex There is 
every gradation o f  yellow tingeing, and this character is chiefly o f  use in 
comparing clones m  which the colour is intensified or lacking. Bobilioff 
(1931) originated a  chemical reaction that is useful in differentiating 
clones. T h e  m ethod is nor influenced by local environment; it can be used 
with buddings o f  all ages; and it can be performed in the field if  adequate 
precautions are taken. However, it is slow and lacks the diagnostic pre­
cision o f seed-coat comparison, as the common origin o f many clones 
makes for sim ilarity o f latex reaction.

Latex reaction testing is performed on h tex  from leaf petioles. Three 
or four leaves are selected for the test and are designated:
‘A’, if  the leaflets are very young, small, and firm, and brown-green to 

brown in colour.
‘B’, if the leaflets are rapidly enlarging;, their colour is light brown-green, 

and their texture soft.
‘C ,  if  the leaflets are alm ost fully ^ o w n  but still pendant.
D , if  d ie leaflets arc lully grown and are assuming their mature hori­

zontal position.
7  he leaves are cu t off and the latex is caught on a porcelain spot plate. 

One or two drops o f a r per cent aqueous solution of calcium chloride 
are added and the following notations made:

(rt) The time
(i) T h e  tim e to the  first discoloration.

(ii) T h e  colour changcs at various intervals.
(iii) T h e  tim e to the end o f the reaction, when no further colour 

change is noted.
{b) The red, pink, orange, violet, blue-grey, or black.
( 0  The character o f  the discoloration, whether in patches or blotches, 

only around the margin, scaly, or glutinous.
{d) The colour o f th e  scrum.

Compalibility o f  RooUtock and Scion

T he relationship o f the clone to its rootstock has been given consider- 
»ole study by num erous invesUgators. Studies o f particular rootstocks



have indicated that high-yiclding or vigorous rootstocks affect the yield 
o f the scions. Hybrid seedlings from crossing Hcvea brasilicnsis and 
H . spruceam  were used as rootstocks by  Schniole (1938, 1941), and gave 
increases in yield o f  up to 30 per cent. T h a t clones budded on  to seedling 
rootstocks from certain high-yielding clones gave increased yields was 
reported by Schmoie (1936, 1940) and by the R ubber Research Institute 
o f  Malaya (1939). T h e  latter also reported having found th a t vigorous 
roo ts tock  increased d ie vigour o f the scions.

Grow th irregularities resulting from  the lack o f  com patibility of 
clones and understocks have been noticeable in the over-budding of 
clones for disease control in  tropical America. T h e  elephant-foot type 
o f swelling a t the bud juncture in  base-budding has been accepted as a 
natural concomitant o f  budding and not as a resu lt o f  incompatibility 
{Plate 9(^)) attributable to differences in grow th-rate o f the rootstock and 
the scion. In  over-budding, the bud union is six to eight feet in  the air 
and hard to  ignore. In  m any cases, the com patibility o f  the clones is so 
good that the point o f union is alm ost obscured after several years 
(Plate ip{£/)). In  other cases, the  greater vigour o f the  top clone is so 
marked that there results an over-growth th at means a  union o f  inferior 
strength, highly susceptible to wind damage (Plates io(^) and n(<2)), 
In  yet other cases, the  top is not able to m aintain the  grow th-rate of tlie 
bottom  clone and there is a resulting decrease in  the grow th-rate o f  the 
s)Tithesi2ed tree.

Lack o f  Uniform Rootstock

T he study o f d o n e  and rootstock com patibility has been held back by 
a lack o f uniform rootstocks. Loom is (1942) undertook to provide identi­
cal plants for rootstock, nutritional, and o ther studies by splitting young 
^edlings. In  doing so, he used a modification o f  m ethods reported by 
Zweede (1940) for dividing freshly-germinated seedlings into two plants 
rach, by cutting vertically through both the plum ule and the hypocon l.
1 he cotyledons do not emerge from  the seed-coat in Hevea, and Loomis’s 
m provem ent on the methods reported by Zweede consisted in  removing 
the seed-coat and separating the cotyledons, leaving one cot\'ledon 
attached to rach o f  the two new plants. M uzik (1953) rooted three-wecks- 
old stems. This forced the growth o f  buds situated in  the a.xils o f the 
ratyledons. Splitting the tap-root, when these shoots reached 6 in. in 
S i l g ’’ substantially equal plants from  each original

^  ‘developed a m ethod o f  producing
T r ™  vegetative propagation from  a single plant
w T rrd ro fl- THc young shoots
ruvem ^e char ,  thus while having the
Similar * a t  can be rooted with little difficult)'.
Similar studies were also reported by W iersum  ( tg ; ; )  in  Indonesia.

nfi



T h e  
uniform

resulting techniques provide a tool for producing rooted plants of 
untiorm charactcr for use as rootstocks. T h e  splitting method provides 
paired rootstocks but the Gregory method conceivably could produce 
unlimited quantities o f  identical rootstocks. T h e  determination of the 
relative effect o f  rootstock and scion, and the study of other physio­
logical problem s, should be facilitated by the improvement and use of 
this rooting technique.

P u n t  I m p r o v e m e . \ t  i n  Hmm
Plant im provem ent in  tree crops such as Hcvea is a long and tedious 

process. In  apples, it ha.s been estimated that a period of thirty-five years 
is required for the  production and establislraient of a new 'variety. In  
rubber, it has been stated that about seventeen vears arc required before a 
new clone can  be recom m ended for general use and that this does not 
include the  years o f breeding tests leading to the first establishment of 
the clone. Actually, the  precise num ber of years required in a breeding 
programme is not im portan t except in the  financial justification o f the 
research and in l^ e  fact th at under presentworking condirions it approaches 
both the effective active period o f individual scientific workers in the 
tropics and the economic life o f rubber plantations. Coupled with the 
fact that financial recognition o f  outstanding scientists forces them into 
important b u t scientifically circumscribed administrative positions that 
lim it their d irect scientific contribution at a time when it could be of 
greatest im portance to the industry, the long period needed for the proving 
of a new clone has been a d istinct hazard to the rubber plantation industry 
in its contest w ith m anufactured (s>-nthetic) rubber. In  the field o f private 
research, the rigid enforcem ent o f  early retirem ent of tropical employees 
has constituted a distinct loss to the  entire rubber-growing industry.

The 'Hevea' Flower

T he stam inate (male) and pistillate (female) flowers of Hevea are 
separate b u t are borne on the  same inflorescence. T he  pistillate flowers 
are term inal to  the central stem  and major branches o f the inflorescence 
(Plate i2(<7)), b u t the  stam inate flowers are m uch mope numerous than the 
pistillate flowers. Hand-pollination o f  Hevea is a comparatively simple 
^ sk , since the flowers are sizeable, requiring at most a low-power lens 
for adequate vision. T h ere  are needed a small pair o f scissors for rem o m g  
the stam inate flowers, tweezers to place the staminate flower o f the chosen 
tree on the  pistillate flower, and a small cotton plug to hold the staminate 
Iov\er in place and exclude foreign pollen. Some skill is needed b u t not 

fnure than  can be gained quickly by intelligent native assistants. The 
greatest difficulty o f  the pollinating operation is that the flowers are 

high up  on  the tree. T h is  normally necessitates the use of 
adders or the ercction o f scaffolding (Plate n{^)), though Campaignoile 

oouthillon (1955) found it possible to espalier Hevea and th m  produce



flowers near the ground where pollination could be accomplished without 
climbing.

Cytology and ‘‘Hcvea' Bnyditig

Chromosome counts m ade by several investigators show a relative 
uniformit)' which would indic-ate that all species o f  Hevea have a normal 
2n count o f  36. Baldwin (1947) considers this as an approxim ation of a 
tetraploid condition with the diploid num ber 2n -  i6. Raraaer (1935), 
Paddock (1943), and D ijkm an (1951) agree in  counts o f  2n =  36. Heusser 
( ig ig )  reported a count o f  2n =  j 6 ,  n  =  8, and Bangham  (1931) reported 
a count o f 2n =  34, n  =  17.

These chromosome counts do not agree exactly; b u t the ease with 
which the various species cross in nature indicates that, i f  there is any 
real difference in the chromosome num bers, such differences are not 
limiting factors in cross-fertilization. T he work o f  Baldwin covered most 
o f the known species o f Hevea. Heusser, D ijkm an, and Paddock reported 
on H. braiilieiim  only. Bangham  studied trees o i  H. brasilietisis, H. guian- 
oisis, and H. spruccana. Ram aer studied the same species as Bangham and 
also a hybrid, H. spruceana x  H . brasilicnsis. P erry  (1943) studied H. 
brasilmisis and H. spruceana. Each o f  the investigators, except Bald\-/in, 
found the same num ber o f cliromosomes in all o f  the m aterial which they 
studied. T he differences reported are n ot related to those existing between 
the  species, b u t relate e ither to differences within the  species or to  those 
attributable to the techniques o f  the  investigators. Baldwin reported 
that one specimen o f ./ /,  guianensis had a 2n count o f 54 and one of H. 
paucifiora a 2n count of 18. These counts are exceptions, however, since 
Jjaldwm found 2n  =  36 to be the prevailing coQnt for these species.

Ruhher Production an Abnormal Fmiclion

T he large-scale production o f rubber by Hevea is forced on it bv 
man and is not norma! for the tree. As compared w ith the  production of 
litiit or seed, it is an abnorm al function. I t  is not directly comparable to 
the production o f sugar or starch, which are directly related to the nour­
ishment ot the plants that produce them , as are the fru it and seed to 
propagation. Although rubber is obtained in  a Hquid form  (latex), its 
production withm the plant is not like th at o f the sap which is drained 
jrom  the maple tree. T h e  circulation o f the sap from  root to twig and from 
leaf to cambmm is a normal function not only in  the maple tree b u t in all 
trees m cludmg Hevea. I'ree m ovem ent o f latex within the specialized latex 

IS not normal though osmotic transfer o f  substances undoubtedly 
occurs. Only when the bark is cut docs an actual flow o fla tex  take place.

Rubber Formation a Normal Function

T he biological formation o f rubber within the plant is. on the other 
hand, a normal process that continues as long as the cell is active. There 
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• a concentration o f rubber w ithin the latex vessels that is not normally 
'^cecded but, when th a t concentraTion (some 50 tn 60 per cent of the 

j^^-cight of the latex) is reached, there is no evidence that biological 
^cdon stops or th at the rubber thereafter remains unchanjred, without 
furEher chemical transform ation. However, the latex remains relativcly 
static and no appreciable m ovcm enr occurs until there is an injury com­
parable to the onset o f  tapping. T h e  rapid renewal of the rubber removed 
from the tree by tapping constitutes an abnormal magnification of a normal 
function. A tapped tree produces hundreds o f times as much rubber as it 
would have formed if  it had not been tapped.

Breeding for High Yield

The development o f  high-yieldinu rubber trees therefore invnlves the 
intensification o f a norm alh ' low rate o f  rubber formation into a high rate 
of rubber renewal. Genetically, this could involve merclv a single gene 
and be inherited ;is a sim ple M endelian factor. The involvement of 
growth and nourishm ent facrors and adaptation to soils and climate 
would offer, in that case, no greater difficulties than arc encountered in 
the breeding of any other plant.

Experience in breeding Hrceu for rubber-yieid tends to indicate that ' 
jield is controlled by  a relatively lim ited num ber of factors and that these 
factors can be m anipulated in a breeding programme to obtain a higher 
and higher intensification. Clonal propagation o f Hcvva has made it 
possible to take advantage o f  each gain in level of yield, but the prospect 
for continued gains, both within the germ-plasm previously available in 
the East and bv utilizing new germ -plasm  made available bv late jungle 
exploration, is very great.

Germ-plasm Available in the East

Bouychou (1956*;) has m ade a studv o f the available records on the 
introduction o f Hcvca in to  the East, on the distribution of the seedlings 
to various plantings, on the first seed pr(‘duciion, and on the performance 
of the first ‘seedling’ populations in  the East. He found the w ritten record 
confused and contradictory, but was able to elucidate the first distribution 
of the W ickham material which has been the .source of nearly all o f the 
Hrcea planted in the  East.

In  his studies regarding the origin o f  the U'ickham seed, Bouychou 
impressed with the perform ance of the first generation o f  plants 

produced from  seed grown in the East. In  private corri^pondence prior 
to the publication o f his article on the origin o f  the i'ar-E ast rubber tree, 
wuychou (1956) speculated that the great isolation o f  the //rv tw trees 
m the Amazon \'a lley  had led to a high rate tif inbreeding. In  this specula­
tion he was greatly influenced by tiie findings o f \ \  arinke (1951, >052), 
■̂ ho showed that heleid midges are  chietlv responsible for the natural 
pollination o f Hevcu. T hese  m inute insects cannot operate at the distances



required for the cross-polHnation o f  the scattered trees on the Tapajos 
River wjiere Wickham made his coJIection o f  seed. On this basis, Bouychou 
postulated that ic was quite possible that the native Hevea trees in the 
Amazon jungle where W ickham’s seeds were obtained are highly inbred 
and th at the individual trees represent genetically pure lines. ’

A significant portion o f the first seed produced in the East could 
therefore have resulted from the hybridization o f seedlings from  different 
inbred lines. N o t all o f  the original seedling;s represented individual pure 
lines, since most or even all o f the seed in any given planting could have 
come from a single m othcr-tree in the Amazon. An unexpectedly 
large proportion o f  high->ielding selections was made from  the first 
plantings resulting from  seed produced in the East. Later, tests of 
cross-bred, unselected seedling populations in the  East showed that 
few were outstanding in their productivity, and that only a fractional 
percentage could be chosen as promising new clones for vegetative 
propagation.

Some 2,700 ‘seedling’ trees were obtained from the 70,000 seeds and 
seedlings taken by W ickham from Brazil to  England. T h e  seedlings were 
sent to the East in  W ardian cases. O ther seeds o f  Hevea brastliensss, as 
well as o f H. spruceam, H. guianerisis, and a species called H. coliina, 
introduced later, but the great majority o f  the high-yielding clones which 
are being planted a t the present time were selected from  the direct progeny 
o f the W ickham collection. T h a t collection originated in a relatively small 
area on the Tapajos River only a short distance from  where this enters the 
Amazon. T he source o f the overwhelmingly predom inant portion of ail 
o fthe rubber trees, both clonal and unselected, in the East was the Wickham 
collection, and the source o f those seeds was only a few square miles of 
jungle out o f a natural distribution m easured in thousands o f miles of 
winding rivers and still only partially explored jungle.

Specific Origin in '‘Hevea’

Seibert (1947, 1948) and Schultca; (1956) have pointed out that the 
hrst usage for Hevea by aboriginal natives o f the Am azon Valiev was 
probably of the seeds for food. Seibert postulated that the  natural 
^ e lo p m e n t  o f  the Hevea genus was greatly affected bv the transportation 
teck  and forth o f the seeds for food, the preservation o f  native trees in 
cleanngs, and the planting o f additional trees. Schultes recognized the use 
o f Hevea seed as food, and particularly its ceremonial usage, but found 
that such usage had been confined largely to the northw estern portion 
of the A m ^ ,m  Valley. Elsewhere, the use o f  Hevea seed as food was not 
unknown hut m ust have been hm ited to periods o f famine, when no other

was available, t  uttherraore, Schultes emphasized that man's rela-

th^ genus P " « “ '« e d ,  for extensive alteration in the evolution of

So



BOTANY OP HEVEA 

Gcrrn-pla^m in the West 

flevea is a !ong-lived tree and, in  the jungle, a century makes little 
change in the resident^ population. M any centuries o f isolation must 
have preceded W'lckham s collection o f seed on the Tapajos R ivcr, although 

. equal isolation m ay not have obtained in  other areas where the stands 
were much heavier and thus cross-pollination by midges was more prob­
able. Germ-plasm  from  these o ther areas has become available within 
the last couple o f  decades, because of the increased exploration possible 
in the period o f intensified exploitation o f jungle products due to war-time 
needs. T he major portion o f  the new selections is at Bclterra, Para, 
Brazil, where the Brazilian governm ent is maintaining a production 
plantation and experim ental area. Some o f the new material is available 
at the Peruvian E xperim ent S tation at T ingo M aria, Peru; some is in the 
Colombian Experim ent Station a t Villa Arteaga, Colombia; and some is at 
experiment stations in  Costa Rica and Guatemala. A few selections, 
chosen for resistance to disease rather than for yield, have been exchanged 
by the Brazilian G overnm ent for high-yielding clones from Malaya. 
But, as in the case o f  ‘seedling’ populations derived from the Wickham 
collection after several generations o f mixing, the major portion o f the 
‘seedlings’ under test in experim ent stations in the Americas are low- 
^elding. T o  date, selecrion has been predom inantly for disease resistance, 
and only a beginning has been possible in the establishment of lines 
selected for yield.

Breeding Problems in the East

Breeding operations in the East have been conhned largely to the 
progeny o f the W ickham  trees, and have consisted in the development 
of clonal parents th at show the ability’ to pass on to their vegetative progeny 
the factors involved in high yield. T o  produce clone-mothcrs, breeding 
lines have been established by controlled pollination, using as parents 
clones tn o w n  to produce high-yielding progeny. A potential yield o f a ton 
of rubber per acre per year would seem feasible through a continuation 
of the breeding w ork now  under way at the rubber research institutes 
in the East; indeed, plot yields exceeding that amimnt have been 
reported.

Getting Hevea to the East w ithout its worst American enemv, the South 
American leaf-blight, was a stroke o f  luck. This disease is caused by a 
parasitic fungus, DothideUa ulei, th at is native throughout the natural 
range o f Hetrea and has now spread throughout the areas o f the Americas 
T P  growing is being a ttem pted—except in the northern part of

e C anbbean area, where a t least tem porar\‘ prorection has been given 
by the prevailing trade winds.

Several diseases soon manifested themselves in the East, and disease 
control has become an im portan t factor in the development o f the rubber 
plantation industr}-. In  the Americas, the attacks o f leaf-blight prevented
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or retarded planting for nearly fifty years. WcU-argaiiizcd research and 
intensive disease-cnntrol measures were needed in the East to protect the 
piantations and make rubber farming possible, b u t their counterpart 
W35 not aviiilable in the W est where leaf-blight made the culture o f rubber 
impossible.

Sanitation measures and fungicidal treatm ents served to protect the 
Eastern plantations from disease, though several selections were found 
with some resistance to foliage diseases such as those produced by 
Phytophthora and Oidium. In  the case of the latter, chief reliance has been 
placed on sulphur dusting to keep the disease in check. One outstandingly 
resistant clone was found, but its yield has been disappointing.

Breeding Problems in the West

Rubber production was not found possible in the  W estern Hemisphere 
until control meiisures were developed for leaf-blight. T h e  Ford Motor 
G)m pany o f Detroit, M ichigan, obtained from the G overnm ent iif lirazil 
a million-acres concession on the  Tapajos River slightly to the south of 
where W ickham collected his seed. Here a plantation headquarters was 
set up and called Fordlandia. Extensive planting operations were promptly 
initiated, but it was found impossible to combat the leaf-blight, and the 
only healthy trees were those on the tops of the small hills that made up 
the bulk of the plantation. I t  appeared th at good air-drainage was protect­
ing the trees in these exposed situations and so another site was sought 
that m ight aiford better conditions. T h e  unplanted portion o f the conces­
sion was returned to the Brazilian G overnm ent in exchange for a similar 
concession nearer the m outh o f the Tapajos River, and a second attempt 
was made to start a plantation on a high plateau some 90 ft. above 
the river level. This site was called Belterra and on it there are now some 
17,000 acres o f healthy rubber trees. However, these trees are healthy 
today because of control measures that were finally adopted, and not 
because o f the good air-drainage that had been expected to give them 
protection.

T he Goodyear Plantations Com pany started plantings in Panama, 
making use, in the beginning, o f a small nursery originally established bv 
the United States D epartm ent o f  A griculture at the Canal Zone Experi­
ment Smtion at Sum mit. T h e  plantation purchased by Goodyear was on 
the northwestern edge o f G atun  Lake. L eaf-blight entered the plantini^s 
almost immediately and spread rapidly. Goodyear looked for another 
location that m ight be free from  the disease and, after detailed surveys, fdr 
that a suitable area could be found in Costa Rica. Although a small plan­
tation oiHcv€a rubber trees at Turria lba Mas found to be diseased, a small 
pUntation of healthy trees was located at G iiro. T h e  rubber trees on this 
plantation had been abandoned and were badly overgrown w ith secondary 
jungle, bu t showed no cvidcnce o f any infection by leaf-blight Goodyear 
arranged to take over the plantation at Cairo and im m ediately started



cleaning out the  non-rubber trees that had invaded the plantation. 
Almost simultaneously, the plantation was attacked by South American 
Icjf-blight and it was evident that the freedom o f  the  plantation from 
infection had been due to  the protective canopy o f the secondary jungle 
trees. It wa.s apparent th a t there could be no effective J /reca  plantation 
development in  these areas o f  Panama and Costa Rica without some 
control o f the  leaf-blight.

First Top~mrking o f  ‘ Hevea ’ in Brazil

U nder the technical leadership o f J. R. Weir and Carl D . La Rue, and 
with the active co-operation o f the Goodyear Plantations C m p a n y , which 
furnished the occasional services o f W alter N. Bangham, the Ford Com­
pany initiated trials o f  top-budding  with disease-resistant selections that 
had been established on  their estates in Brazil . Some of the top-working 
clones were selections from  Hevea brasiliensis from various parts of the 
Amazon Valley. Som e use was m ade o f bud-wood from other spccies of 
Hevea that were known to be highly resistant to the disease. Owing to lack 
of precise evidence regarding the degree of resistance of the top-working 
clones used, the top-w'orking experiments were not entirely effective; 
but they were sufficiently successful to encourage continuation.

The United Stales Department o f  Agricuhi4re

T he U nited S tates D epartm en t o f  Agriculture was brought into the 
picture at the  request o f the  Goodyear Plantations Company in 1937, and 
initiated, at O iiro, Costa Rica, the first breeding tests to produce trees 
resistant to  the  disease. U nfortunately, the trees that had been considered 
disease-resistant, and th at had been selected for the breeding tests, had 
only recently been freed from  the weed trees which had been allowed to 
take over the  p lanting by the form er owner. Both the trees and the progeny 
developed by hand-pollination soon became diseased.

In 1941, the  U nited  States D epartm ent of Agriculture initiated a 
long-range program m e to encourage rubber production in the W estern 
Hemisphere. A pathologist, M . H. Langford, was dispatched to Panama 
to study the leaf-blight, and he w as later transferred to Costa Rica to an 
experiment s tation  th a t had been established at Turrialba. Langford made 
two im portant contributions to the control o f leaf-blight. He first devel­
oped (Langford, 1943) a satisfactory- m ethod o f fungicidal control o f the 
disease, that m ade it possible to grow susceptible seedlings to the budding 
age and successfully budded plants to top-budding age. Field spraying was 
never contem plated, except in  the case o f  young trees to be top-worked, be­
muse o f the cost. Langford’s second contribution (cf. 1945) %\as the 
eyelopment o f  a rating  c(»de th at could be used in evaluating disease- 

resistance o f seedlings. T h is  code has proved satisfactory in establishing 
i^nuormit^- in rating tcrniinolog>' in rhe different countries and thus in 
establishing some com parability  o f ratings.



Sehdion  fo r  Resistance to U af-blight

Fungicidal control and the developm ent o f  a reliable gauge for disease 
rcsistancc, established the first firm foundation for rubber production in 
areas o f  the W estern H em isphere where leaf-b light is prevalent. In  the 
begiam ng, it was necessary to depend on three-com ponent trees (root- 
stock, high-yielding panel clone, and disease-resistant top), since the 
development and pro\ing o f  new  clones com bining disease resistance 
with high yield would take m any years. D isease resistance could be de­
termined usually in a single year, and subsequent readings have seldom 
changed the disease rating.

Effective fungicidal protection m ade it possib le to use any available 
seed for the production o f  rootstocks without regard to their resistance to 
leaf-blight, and also to grow  the base-budded plants w ith high-yielding 
scions to an age where they could be top-budded w ith disease-resistant 
clones. A s will be seen later, these statem ents oversim plify  the resulting 
developm ents; for a  long period followed, durin g  which clone compati­
b ility, the effect o f top-working on grow th and yield , and the specializa­
tion o f  strains o f  the causal fungus, were all tested. B u t the important 
thing W'as tliat this developm ent laid a suitable basis for immediate 
planting.

U sin g  Lan gford ’s gauge as a basis o f  com parison, duplicate test blocks 
o f  top-working clones were established in several d ifferent countries of 
Latin  Am erica. In  each case, the test blocks w ere alternated with blocks of 
highly susceptible clones to provide a source o f  constant inoculum. As 
was to be expected, some o f  the clones first recom m ended for top-working 
proved undesirable later. T h is  was due partly  to in com patib ility with cer­
tain o f  the high-yielding clones, partly to lack o f  precision in the first 
d is«se-resistance ratings, and partly, perhaps, to the developm ent o f new 
strains o f  the fungus. Later, the resistance readings w ere m uch more 
accurate. Protection against specialization o f  the fungus in  field plantings 
was sought through the use o f  clone m ixtures, to provide a variet}' of 
tops rather than a single m onoclone top that w ould  have encouraged 
speciali2ation.

T h ree  classes o f  clones w ere tested and found prom ising for top- 
working o f  high-yielding budded trees: ( i)  Ju n g le  selections o f  Hrcea 
brasthemts and crosses between H. brasiliensis selections. (2) Crosses 
between jungle selection.s o f  I f .  brasiliensis and h igh-yield in g clones from 
the E ^ t .  Th ese  were the prim ary clones tested both for disease resistance 
and for high yield , and later used in the back-crossing program m e to 
develop new clones com bining resistance and yield. (3) Interspecific 
hybrids, particularly those between high-yield in g Eastern cloncs of 
H. brasiUetisis and selections o f  II. b£nt/,amimu. Som e o f  these show 
outstandmg resistance to leaf-blight and a sufficiently high yield  to replace 
the high-yielduig Eastern clones for base budding



^  BOTAiNV OF HEVEA 

R fs is t a n e e  to Diseases Other Than Leaf-bHght

In the foregoing discussion, r&sistarlce only to leaf-hlight has been 
given consideration. A lthough the control o f  lenf-blight has been the 
chief conccrn o f  the disease investigations in the W estern Hemisphere, 
an outbreak o f  target leaf-«pot, caused b y  Pdlkularia J ikm m iosa  (Pat.) 
Rogere, occasioned concern in  Peru , w hilst a  virulent epidem ic o f Phyto- 
phthora leaf-fall and dieback, caused b y  Phytophthora palmhora Butler, 
was experienced in C osta  R ica.

Carpenter ( 19 5 1 )  developed control measures for target leaf-spot in 
Peru and conducted resistance tests that k id  a basis for breeding for 
resistance. T h e  m ost prom ising clones for resistance were o f  Hevsa 
rigidifolia, which appeared to be high ly resistant in general. Q on es o f  both 
H. benthamiana and H . paucijlora show ed some tolerance to the disease.

Carpenter ( 19 54 ) and M anis (19 54 ) m ade a study o f the more serious 
outbreak o f  Phytophihora  leaf-fall and dieback in Costa R ica. T h ey  were 
able to dem onstrate that certain clones have a significant degree o f  re­
sistance. O f eleven clones listed b y  M anis, only one was straight Hevea 
brasiliensis. O ne w as a natural interspecific hybrid between H. spruceana 
and H. brasiliensis and, o f  the rest, s ix  were interspecific hybrids between
H. benthamiana and  H . brasiliensis^ and three were ‘seedlings’  or clones o f
H. benthamiana. T h e  breeding project in Costa R ica was terminated 
before the w ork could be carried  to a successful conclusion, but the efforts 
o f these investigators and o f  E . P . Im le, who headed the research work in 
Costa R ica , dem onstrated clearly that resistance to Phytophthora leaf-fall 
and dieback can be attained b y  breeding.

Inbreeding o f'H evea '

T h e  theory propounded b y  Bouychou {see p. 79), that the existing 
trees in certain parts o f  the A m azon V alley are high ly inbred, is one which 
a person w ould  like to accept, i f  possible, because o f  the difficulties 
involved in  artificial creation o f  inbred lines. F o r that reason, it is parti­
cularly im portant to use carc in  the evaluation o f the evidence. The 
development o f  h igh-yield in g  plants b y  induced polyploidy or by 
hybridization o f  pure-lin e selections obtained by repeated self-pollinations 
has been high ly successful in  the im provem ent o f farm  crops. Herea-, how­
ever, appears to be a tetraploid , and the use with it o f  colchicine or X -ray  
treatments has produced on ly  abnorm alities. Therefore, o f  these ty<'o lines 
o f im provem ent, on ly  inbreeding is left, and the degree to which nature 
may have already purified  or segregated the strains m ay be o f great im­
portance in fu tu re  breeding program m es.

N orm ally, there is a  very  low  rate o f  set o f  seed after hand-pollination 
A  rate o f  2 to 4 per cent seed-set is seldom  exceeded. Selection 

o f heavy seeders as m other trees has greatly increased the j ie ld  o f  seed, 
ut such selection is lim ited b y  the consideration o f  other breeding qual- 

mes as well as seed-set.



ROTBES

In  self-pollim tion in Hevea, the seed-set is very  iow  and some clones 
ate at least partiaHy self-sterile. W ith m ost clones, seed production i 
m raoclone blocks is iow. I t  is  possible to pick seed in  the borders (If 
adjacent monoclonc blocks » ith  the great assurance that the majority of 
the s c ^  will be crossed rather than selfed. A  few  cloncs have been found 
that give good yields o f  seed in isolated m onoclone blocks, and these 
cloncs have been used as sources o f  clonal seed fo r  field planting iv ithom 
budding. T h e  general rule in  Hrvea, however, is cross-pollination rather 
than self-poUinarion. T h is  m ay stem  from  the tctraploid character o f the 
qto gen eticn u k e-u p . Ita d d sa  difficultand possib ly alm ost insurmountable 
^ c l e  to the estabhshment o f  the pure lines needed in the improvement 
o f  rubber trees b y  intraspecific hybridization.

l> ta ile d  studies o f  aU populations o f  Herea in the Am azon Vallcv are 
justified to determ ine to what degree there has been pure-line selection 
m  the m dividual populations, and also to study the variation between the 
populations o f  widel>- separated areas.

Interspecific H yhidizalion

•Many interspecific hybrids o f Hevea hrasiUem.s and other species with 
common habitats have been found, usually in  disturbed sites, or rarciv in 
w g m  jungle, and m any others have been created artificially. Som e of 
the  interspecific h ybnds studied in Brazil are am ong the best o f tlie 
t o s e - r e s i s t a u t  selections. .As has been show n above, there is no cvtologi- 

° f  the species, and no difficultv has been eV 
^ n e n c e d  in the production o f  interspecific hybrids artificiallv. L ess than

S t s i n d  hVbridization
the a v a ^ ’ble “ ^ave  been u.sed, onlv a .small part of 

d tn  t e s t t  h^■bndi^a-
S l  oromisin i 7 “  hybridization represents a
r e S L r  “  e.,tablishment o f  high levels o f  d i.« se

c r o s i T L t ' a l ^  b ^ interspecific
c W  w er '■»>“ '= fo r yield. In  their earh vears

> e S o f t r o i „ r  r  '>ut y ieU s in the fourth, and iatct,
s i ^ t t f v  their “  'u '  P ™ J« c t iv ity  m av be su ffidenth  hi.h
> i ^ | | ^ A e . r  use in areas where their resistance'to  disease will avoid

r ^ r * ^ S ' r  7 '  thev m avb e e.xpeeted
W h r  ?  ''« h -y ie ld m g  K.^stern clones hut at
h e '  'm  '  unseleeted seedlings. ,\s  it is p ,«sib le  to use

e o ? t i r „  h '  ' ' ’ .‘■■5' he established in the field at less
r  v "  ' “ B«her wiih some o f the straichc i

d isease-reslsltr 'l, “ ' f ' i < ''«  P ™ « ‘i high-y.elJing and |
Brazil. ’ ''^'(^onimenu sm all-farm  pKintings in [



BOTANY OF HEVEA 

Back-(rossing and Out^crossing

Tj-sdal &  R an d s (19 5 3 ) , and R ands &  Polharaus rin t.-i t., ■
details o f  the back-crossing program m e outlined for t L  f
Hn-M  in the W estern H em isphere. T h e  prom ny ob ta in f^ K  
high->*Iding Eastern clone with a d isease-resis,a„t A m c r ic a V c T o M le  
normally at least 50 per cent com m ercially disease-re<!i,r»„» .  T  ^  
yiduals can be selected that have a  high degree o f resistance Y i M k 
been poor, though h igher than would be expected without' A e  
parent B ack-cross.n g to the Eastern parent has given progeny t t e  re 
tamed the disease resistance o f  the Am erican parent an.l I , , ,  r l  1. 
peld than the F ,  population. F o r  yield  in t e n s T c ^ r ^ t h e  E « e t  S S  
as a whole have been used as the recurrent p a rc n tX a th e r  th l  K t  
crossmg only to *■= specific Eastern clone in the prim ary cross

In  practice, the F ,  hybrid  sccdhngs are subjected to intens ve disease 
tests m  the n u rse rj, where they are alternated with highly s u s c e S  
seedlmgs to assure abundant inoculum. O nly the seedlings « ^ t r t h ? b i S  
est ratings fo r disease resistance are retamed for further t« t s  d l t s e ’  

suscepnble seedhngs are elim inated im m ediately. S e e d lin g s 're ta in e T fo

b o t h ^ ; r i ^ ^

M ost o f  the progeny established in the effort to breed hicrh-,ieldinir 
discase-resistant clones have been obtained by controlled poUination I
consisted m  m akm g brecding-gatdcn plantings o f  high-yieldine Eastern 
cones interspersed w ith selected d is e a s e - r e s L n t  c b n «  ( P t e

seedlings arc elim inated im m ediately.

factor disease-resistant trees are known to carry the

clones h o w v e “ ' ' “ ' u " ' '  f ™ " ’  Eastern
p e r b d w ™ ? !  ftctor for high j * l d .  A  much longer

^nce el ’ ' " ' " l " '  '^ an  to test for disease resis-
'he American n “  seedlings. I t  was considered better, for

trees and r,til disease-resistant

resistanr„;es t v  u
* e a s e  r l s t , n ^  S'*' A ”  " “ ‘'M  have some
chance o f  h i v i r ’  selections would have a fiftv-fift)-
frum {lieh-nVI^-^ su fh a e n t resistance for commercial use. Bud-w ood
«iisease-reqi^ti selections could  be rerurned to the Am ericas for 

‘“ c resistance tests
D*



Testing fo r  Diseasf Reshiance

T estin g  for resistance to South Am erican leaf-b light m ust be done in 
areas where the disease is severe, but the testing is relatively quick and 
easy, In  early resistance tests, Lan gford  (1945) increased the natural 
incidence o f  inoculum  b y  m aking suspensions o f  the spores o f  the leaf- 
b light fungus and spraying them on the seedlings under test. L ater on it 
was found that, by interspersing with nurser\'-beds o f  h ighly susceptible 
seedlings the nursei^-beds o f  seedlings that were being tested, a suffi­
ciently high spore-load could be maintained during the sporulating season 
to give fu lly  accurate estimates o f  disease resistance. O ne or t^vo disease 
ratings could be made in a year, and the worst rating given at any time 
or in any location was adopted. Seedlings show ing distinct susceptibility 
could be eliminated readily. W hile there is continued w eeding out of 
seedlin j^ in succeeding years or other localities, a high percentage o f the 
susceptible plants can be elim inated during the first year.

Testing fo r  Yield

T estin g for yield is a  m uch more difficult procedure, and no early 
test yet devised is equal to actual tapping tests— w hilst these, to be reliable, 
should not be started until the ‘ seedlings’ have reached a size o f  18  to 20 
in. in girth at a height o f  about 3 ft. from  the ground. T h is  requires a 
growth period o f  from  four to s ix  years before testing can start. Really 
reliable testing requires that the trees be tapped for four to six  years to 
measure the rate o f  increase in yield  from  initiation o f  tapping to complete 
m amrit}' Q'f the tree. Both gro\\th-rate and bark-renew al during this 
period are im portant in  the evaluation o f  the tree, w hile  tim e is needed to 
determine the cloning qualities o f  the ‘seedlings’ and the growth and yield 
characteristics o f  clonal plantings.

Space, funds, and time r^ tr ic t  the num ber o f  clones that can be given 
adequate field testing in accordance w ith the above schedule. Numerous 
tests have been suggested that w ould give an early indication o f  yield. 
Bark thickness, the num ber o f  latex-vessel row s, the diam eter o f  the latex 
vessels in the leaf petioles, and other m easurem ents o f  morphological 
characters, proved to be uncertain indices o f  fu ture yields. Cramer 
(1938) developed a pricking test in which the flow o f  latex from  live verti- 
w lly  arranged triangular notches was estim ated w ith respect to the flow 
from  notch to notch, and from  the bottom  notch to the ground, but this 
test has not proved to be reliable. T h e  flow from  ‘seedlings’ from  jungle 
collections m ade by Seibert in Peru was so great that all o f  the Cramer 
lower classifications had to be d iscarded; yet none o f  the ‘seedlings’ had a 
signihcant yield after regular tapping was initiated.

T h e  M orris-M ann test (M orris, 1 9 3 1 ;  M ann, 19 32) involved tapping 
young trees by cutting entirely through the bark to the wood each day for 
ten days. T h e  first five days o f  tapping w ere to establish flow, and no 
yields were recorded. Y ield  records were kept for the last five days of 
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tapping. T h e  you n g trees w ere found to recover rapidly and com n laely  
from this severe treatm ent, and the data are more reliable tJian those 
obtained by any other test yet devised to determ ine the yield potential o f 
young trees before they reach the size for normal tapping. Further refine­
ments o f techniques to id en tify  superior clones at an early age are needed 
,0 speed-up the breeding o f  clones that w ill keep the production o f 
natural rubber on a par w ith  the production o f  synthetic rubber.

[niem iilm al Co-operatmi in C hne D m h p m e n t

International and inter-com m ercial-com pany jealousy and rivalry 
is notorious in  rubber production and m anufacture. Brazil’s attempt to 
control the prices o f  w ild  rubber durin g  the period o f her virtual monopoly, 
and her anger w hen seeds w ere successfully  transferred to the East; the 
attempts o f  Eastern  producin g countries to restrict plantings and prohibit 
the export o f  high-yield in g planting m aterial; and, lastly, the tremendous 
efforts o f  ‘have-not’ countries such as Canada, China, G erm any, Russia 
and the United States to produce their own rubber, either natural or 
synthetic; all illu strite  the trem endous political scale on which rivah y in 
rubber production has been m aintained. R iv a lry  o f commercial agencira in 
production and m anufacture has b een  no less intense and widespread.

T he ability  to co-operate w ith in  spheres o f  common interest, however, 
is a significant elem ent o f  m odern com mercial and political association! 
Nowhere is this co-operation better exemplified on an international level 
than in the developm ent o f  im proved planting m aterial for rubber planta­
tions that m ay be established, or for the replanting o f  obsolescent planta­
tions ahready in bearing.

A n early m anifestation o f  this frien d ly  co-operation was the agreement 
of the countries o f  trop ical A m erica to co-operate in  a programme o f 
rubber developm ent. A lth ou gh  the U n ited  States Departm ent o f  Agri­
culture took a lead ing part in this, the active co-operation o f the tropical 
American countries w as all-im portant. A nother illustration was the 
mutual arrangem ent betw een B razil and M alaya by which Brazil furnished 
disease-resistant clones to M alaya  and the fatter sent the best o f  their 
newly-developed h igh-yield in g  clones to Brazil. T h is  interchange was 
bilateral in character b u t m ultilateral in  effect, as each o f  the tw o recip­
ients acted as a d istributing  agency and supplied stocks o f  the clones to 
other countries in  their respective areas. T h e  co-operation o f  the United 
i>tates was utilized for quarantine propagation o f  the interchange clones 
at Coconut G ro v e , F lo rid a , w hile  England  contributed quarantine in­
spection and re-packaging at K e w  G ardens to avoid any possibility' o f 
interchange o f  diseases.

At the sam e tim e, tentative arrangem ents were m ade for future co­
operation in  breeding tests to com bine resistance to leaf-b light with high 
tl A m ericas, there w as a need o f  high-yielding selections; yet

le best continuing b reed ing w ork w as being done in the liast, where



there was recognition that the rubber plantations were stocked with 
planting m aterial that had been proved to be lOo per cent susceptible to 
Icaf-blight, W ith rapid air com m unications, Eastern  countries were no 
longer protected b y  distance from  the encroachment o f  the disease. They 
did not feel them selves to be in im m inent danger, but they felt the need 
for the insurance oifered b y  disease-resistant clones.

T h e  tentative arrangements that w ere m ade in volved taking advantage 
o f  the conditions and facilities unique to the East and to the W est, for the 
com mon good o f  both. T h e  disease, so far, occurs only in the Western 
H em isphere, and all resistance testing would, therefore, be done in the 
A m ericas, since the presence o f  the disease is essential to the determina­
tion o f  resistance. I t  would be foolhardy to introduce the disease for 
■scientific studies on resistance in the expectation that it could be controlled 
under quarantine. T h e  East, w ith its fine facilities and research scientists, 
would be in a position to make a considerable contribution in the way of 
yield  testing and determination o f  com mercial characteristics o f  the new 
progeny.

T h is international co-operation in breeding and plant improvement 
is by no means solely a governmental operation, for the G oodyear Planta­
tions Com pany and the Firestone R u b ber Plantations Com pany have each 
taken an active part in the m utual testing. G ood year furnished many 
high-yielding clones, the facilities o f  their plantations in Co.sta Rica 
(and form erly the one in Panam a also), and invaluable data from  their 
plantations in Sum atra, w hilst Firestone established a research planting 
in Guatem ala and undertook breeding and yie ld  tests on their Liberian 
plantations. In  addition to ^cperim ental areas furnished b y  the co-oper­
ating governments o f  Latin  Am erica, the U nited F ru it Com pany estah- 
hshed sizeable experim ental plantings in Costa R ica  and G uatem ala and 
L .  L m d  Pettersen furnished land in G uatem ala at a token rental



B O T A N Y  O F  C A S T I L L A  

I n t r o d u c t i o n

It ,s probable that mbbei- was obtained from  CauUla trees (Plate , 
m the Am ericas for generat.ons or even centuries before any other ttee 
was tapped for rubber. P re-C o lu m bian  use o f rubber outside the m a S  

r . ’ Am azon VaUey o f  natural distribution o f w a s  un­
doubtedly based on the use o f  the rubber from  the C a m ik  m i  Even  in 
the nanve home o f  Hevea, C a su lk  rubber may have predominated Z  
late as the t.m e o f  C olum bus. T h ere  can be httle question that where the 
two genera exist side by side, tapping o f  the rapidlv bleeding Castilk 
would precede the tapping o f  the slow er-bleeding H^vea. O nlv after the

f a t ? b r s o f ^ h t '  'so'-fces o f

Differences in  A e  quality- o f  the latex were not important in native uses 
o f the rubber, as the copiousness o f  flow undoubtedly ŵ as o f  much more 
importance to the native tapper than any im m ediatelv apparent difference

I f  he r  f  /  ”  ™ b b e r  prepared from it. T h e stability 
of the latex m ade it m ore desirable ftian other tvTjes for the coat^

o f  boats, utensils, apparel, etc. 
f  ™  *== ™ « t e r n  range o f  Camlla, it  might,

because o f  the superior q uality o f  the rubber, have been an early choice 

'"a  balls used in native gam es; but there was no

r a Z ;  f m l  r  “ f  ' “ bber usage was almost entirely with
period though guayulc rubber also was used at an early

m re ^ !n !IT  “  com prehensive su n e v  o f the earlv litera-
I dem onstrated quite clearly the pre-Colum bian u se 'o f C « -

in M e l l r r  in Peru, and in  Yucatan and elsewhere
Pern Hnr Castdla  was indeed the source o f the rubber used in

■Moreovor"* ?  civ ilization seem s to be fa ir ly  well established.
Yucatan I’n j  “ remoniai usage o f  rubber in
frees as r  M exico  was through exploitation o f  Casliila

cerem onial usages depended on hquid rubber 
been dowJm"  * " lo d c rn  know ledge o f  preser\-ativcs, it would not have
lines tn R  M ^t^vea  latex to .Mexico even i f  communication

 ̂ had been established.



T h e  O r io i n a l  D e s c r ip t i o n

The Generic Name

T h e genus Cauillii was established b y  V . Cervantes in 1794 in y ,  
inaugural lecnire on  botany at the Real Ja rd in  Botanieo (Roy^il Botanic 
Garden) o f  M exico City. T liis  lecture was later published, with an illus­
tration, in a supplem ent to the Gaceta de L iteratu ra  in M exico  City.

T h e generic name selected b y  Cervantes was Castilla, in honour of 
Ju an  del O istillo, a prom inent pharm acist and econom ic explorer, whilst 
the specific name, elastica, referred to the quality o f  the gum  obtained 
from the latex o f  the tree. T h u s Cervantes gave the first botanical des­
cription o f  the M exican rubber tree under the nam e o f  Castilla elastica 
H e listed common names as ‘H olguathuitl’ , and the half-Spanish ‘Arboi 
del H ule’ .

T h e  generic name, Castilla, received im m ediate criticism  from  a local 
contcmporat)' who signed h im self on ly w ith his initials, J .  L .  M . This 
mdividual contended that, in honouring C astillo , C ervantes should have 
first Latinized Castillo’s nam e to Castellum , and that the correct deriva­
tion from  that should have been Castella rather than Castilla.

Early Concepts of'Castilla ' Species

One o f  the criticism s aim ed at C ervantes b y  J .  L .  M . was that, as there 
was 0 %  one species, there w as no need fo r a specific nan.e in his descrip­
tion. J h e  belief that there was only one species o t  Castilla persisted for 
more than fifty years. A ll specim ens o f  Castilla, from  M exico  southwards 
to Peru were referred to that single species. T h e  first recognition that 
m ore than one species was^^o be found was contributed by f.iebman 
(18 5  0 > whose description o f  the additional species Casttlla costancana 
was based on incomplete specim ens collected at T u rria lb a , Costa Rica 
Liebm an, however, had studied Castilla in six  different localities in

!, T  describe the new  species as separate and
distinct from  that found in M exico.

r u b b e r ', "  o "  the Isthm us o f  Panam a o f a
n C « v a n te s  had been reported

s  T  ’ ' f  this in the eighteen-fifties. Subsequentlv,
& f e ( . 8 7 . )  m istakenly furnished a picture and descripti.m  o f ‘ Ule-ule=

’nurkhamiana, though this
w as k te r  found to be a species o f f t r r f f o

c a u i ^ d X ‘* r ? ' ’ ' A T  ™  'h e  Isthm us o f  Panama
n “  f  to seek more precise

a n ^ e f c l T " ^  o f obtaining seeds

U ^ t e  T h u s : ^ h n v S “
Robert C r o « l  L  ^  fro ™  Brazil,
C a ^ r n  to study and collect



'Castilla'— noi ^Castilloa^

An English  ttaasK ti.m  o f  C ervam cs’s description was puMished 
anonyraousi,-.n .8 0 5 . & o k  ( ,5 0 3 )  states that this translation was said ,0 
have been the work o f  C harles K oenig, keeper o f  the minera o l “  
department o f  the B rm sh  M useum . B y  chanee. typographical e r r T  o 
deliberate attem pt to im prove the name, the translator c h a f e d  the genir”  
name from  C ast,Ik  (as g iven b y  Cervantes) to Castilho. T h is w is  dot^e 
without an y explanation and could not be considered a valid change 
Nevertheless, the m m ,  C a m llm  stuck and occurs much more ,-idelvTn 
literamre than does the correct nam e, C a M k .  T h e  ‘G aceta de L i t l a  
tura , in  which the ongm al description was published, is ew rem ely r^re 
and most w riters eviden tly have depended on the English translation 
Cook, in referring to the Supplem ento a  la G aceta de Literatura*' 
s B t« .  A ccord ing to C ollin s the British  M useum  copy lacks the illustratio.;
0 the plant, but that o f  the L ib ra ry  o f  Congress at W ashington is 

plete “  C ook ’s bulletin is a  reproduction o f  Cervantes’s
original plate, which w as titled e k stk a  and constitutes irrefutable
proof o f the on gm al nam e. Pittier ( 19 10 )  also pointed out the error o f 
C m ,lh a  as a generic nam e and in his treatment o f the genus considered 
both CauM a, suggested b y  J .  L .  M .. and CmliUoa, introduced b y  an 
anonymous translator in 18 0 5  w ithout explanation, as synonyms.

Early M kcanceptim s o f  Yield

T h e substitution o f  Cam lloa  fo r Cmtilla  was not the only error com-

out With such rap id ity  and in such abundance tliat anyone who has ever 

" X r  but be am a ^ d . T h e  immediate response is
0 attribute to  Cast,Ua y ie ld s m excess o f  anything ever experienced. A s is 

native tappers are skilled in the art o f magnifj-ing 
t a r  take, and the quick response o f  the Cast,Ik  tree to tapping has often 
teen accepted as a sufficient dem onstration o f  the truth o f  their claims 

rernrd. ' S ' C o l l i n s  ( 18 7 2 )  and o f  C ro ss ( i8 8 i)  were among the early 

Collins s t a t e d e x a g g e r a t e d  the prospective yields o f  Castilk.

“  ‘' “ ">«er b leJ by skilful hands in April would 
Tlii.: ;«• u capabJe o f gh ing 50 pounds o f caoutchouc.
tTf(> fr .L  maximum yield; the average is a little below this. A
miit an } ^?i branches is expected to yield 20 gallons of
Jrieci rubtS'^ o f milk to give 2 pounds or 2 pounds 2 ounces o f good

considerab ly m ore conser\ative in his estimates and stated; 
tapoed m ^ <ii:»neter o f  i |  to 2 feet, i f  carefully and judiciously
Of all thp to yield  about 12  pounds o f  rubber per annum,
prove n n r i'  species o f  rubber-producin g trees, the O s f i l k  should

* under cultivation, the m ost rem unerative.’



\Vhen fu lly  developed, all species o f  Camilla arc trees o f  large size 
and striking habit. Both Cook (1903) and Pittier ( 19 10 )  note that the>- 
arc seldom true forest trees but that they nevertheless avoid the open 
grass-covered savannas. T h e ir  natural habitat is in the clearings and other 
open spots o f the virgin forest, where they are com m only found in com­
pany with Cecropia, or in the fertile, sparsely-w ooded alluvial flats o f the 
valley bottoms. In  Brazil, Castilla is confined to the high ground and is 
not found in  flooded areas.

Roots

T h e  root sj-^tem o f  Castilla consists o f  a rather short tap-root and of 
several lateral roots spreading horizontally, these latter being so near tn 
the surface o f  the soil that they can often be follow ed for 20 to 30  metres, 
In  the level, shady forest, the roots often assum e a buttress-like shape at 
their emergence from the main axis (Plate i3(^’)). T h e  lateral roots are 
more or less ramified, and num erous rootlets spread into the surrounding 
soil from their lower side.

T h e  buttress roots o f  Castilla are also characteristic o f  planted trees 
and have been used as an index o f  m aturity. T h o u gh  the grow th o f the 
trees is rapid in the early stages, it was found under cultivation in Haiti 
that the formation o f  buttress roots d id not com m ence until the trees were 
from ten to twent>* years o f  age. T h e  relationships between the formation 
o f buttress roots and maturitjc, or between the form ation o f  buttress roots 
and tapping rcspofise, have not been determ ined. I t  is clear, however, that 
formation o f buttress roots comes only after fu ll maturit>' o f  the tree, and 
it is equally d ear that Castilla trees cannot be tapped at an early ace 
{as is done with Hevea trees). In  v iew  o f  the d isappointing results that 
lu v e  followed the tapping o f  cultivated Cdstilla trees, it is probable 
that delaymg tapping until the initiation o f  the buttress roots would 
be beneficial both to the health o f  the tree and to the initial yields t.f 
latex.

Trunk

T here is a great d iversity in the appearance o f  the trunli o f  Cc,rt,7/j, 
WHICH vanes with species, exposure, and climate. Pittier ( ig .o )  reported a 
tree ot Cai/i/fa daguensis that was 50 m etres in height and had a trunk 10 5  
m etres m  diameter. Cook {19 03) reported a tree o f  C. la r l if iu  that w as 
about 25 m etres m  height w ith  a trunk diam eter o f  1-5 metres. Kosclmv 
( 19 0 1 speaks o f trees having trunks from i  to 1-7 2  m etres in diameter 

uncommon m the forests o f  Costa R ,ea. L a  R u e (h ,2(i) reported

rees r  approach the height o f  the U r M
rees, but t lm  he did not encounter any Cast,l!,i tree with as great
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J  diimeter as the largest H c v m .  In  the dark rain forests o f Costa Rica 
and Panaina, adult trees arc often seen that shoot up to 15  metres and 
more, smooth and slender, and supporting only a flat, thinly develoned 
croOT. In  the open d ry  districts, the branching commonly b e S s  
,t  3 metres or less above the ground, and the trees assume a stouter 
habit.

Two Forms o f  Branches

T he first branches form ed by a young C a u ilk  tree arise from buds in 
the axils o f the leaves. T h ese  w ere distinguished b y  Cook ( lo o i)  as teraoo- 
rary or d eadu o u s branches. O n  the m ain stem they persist only durins 
th ^ jm e n ik  stages o f  the tree’ s grow th and are replaced by nermanem 
branches arising from  adventitious buds at the side o f the temporary 
branches. T h ese  tem porary branches are confined chiefly to the main stems 
o f  young trees, but are found also on young growth o f the W  scrnw- 
m it  branches. T h e  tem porary branches are almost horizontal never 
more than 3  cm . in diam eter, and up to 3  or 4 metres in length] whilst 
die permanent branches are never horizontal but slope up at an angle o f 
roughly 45° and are easily  distinguishable from  the tem porary branches 
The leaves o f  the m itial tem porary branches sometimes measure 46 to 
61 cm. m  length, but m ay be reduced to less than h a lf that length on 
temporary branches form ed on new  grow th after the tree has attained the 
mature branching habit.

Leaves

The leaves o f  all species o f  C aslilk  are desiduous. T h ev  tend m ostly to 
be unifor m|n size, shape, and sim ilar details; in other respects thev are so 
Venable, even w ith in  a single species, according to age, e.xposure, etc. 
that they furm sh few  reliable specific characters. In  voung trees, and 
pm icularly on the tem porary branches, they are generally larger than 
otnerwise; the petioles are o ften  quite long, attaining no less than 5 cm. 
m some specim ens, and the lam ina is more rounded. In mature trees, the 
southern species seem  to have a tendency to have short petioles while the 
northern species are long-petiolate. T h e  petioles o f  mature trees are v e n ' 
snort (0^5 cni.) in C . i/W; sh ort (o-S to 1-5  cm .) in C. mstrulis, C. dagwmsi's, 
in r r n ’ “ n j  C. nimyensiy. relatively long (1-5 to 2 cm.)
• r' ’ ^ostaricanay and C. e!as(icd\ and longest (up to 2-c c tn i 

gautemalemis.  ̂ w  a

T h Z * r  su b lm te  to elliptic-lanceolate.
injjfrH L character in rtie form  o f  the blade at the
other«!^^ petio le, this being in some species deeply cordate, in
a<^in scarcely cm arginate. T h is  difFerenti;vl peculiarir>-
the connection with geocrraphical distribution o f
the deeply cordate ones occupying the northern part o f

eric range, w hile  the others are Andean (v -̂ith the exception o f



C. fallas), Cmlilla u k i  has the sm allest leaves, and C. costaricana and 
C. elaslka  have the largest. T h ere  Is a great variation in all species, and 
the dimensions given in the descriptions do not apply  to the very large 
juvenile leaves.

Flowers

Cttstilla is norm ally monoecious, with both pistillate and staminate 
flowers in the same cluster. T h ere  is , however, som e variation, and youne 
trees blooming for the first time invariably bear m ale flowers only. Some 
mature trees also bear only male flowers, but it has not been demonstrated 
that such trees are perm anently male. A  decided, characteristic difference 
exists between the male flowers borne on trees w ithout fem ale flowers 
and those borne in clusters containing fem ale flowers. Cook (1903) 
designates the all-m ale flower ‘prim ary’ and the stam inate flower found 
on the monoecious plants ‘secondary’ or ‘ complementarj^’ .

T h e  stamens are fertile in both kinds o f  m ale flowers. W ind seems to be 
the ch ief agent o f  pollen distribution, but polhnation b y  insects m ay occur 
as well. T h e  male flowers are usually crowded with sm all thrips that are 
also found, but not so abundantly, on the fem ale flowers.

Primary M ale Injhrescences

T h e  primar)' male inflorescences appear in pairs in  the a.\ils o f the 
leaves, or m  the defoliate axils, and have the general appearance of a 
Battened or depressed cone, or o f a fan that is more or less emarginate at 
the base Thu: fan opens longitudinallv, som etim es only bv a narrow slit at 
a e  top (C ./ « / / « ) ’ and sometimes with the lobes spreading out into a flat 
disk (C mceyeasis). In  other cases, the inflorescences are more or Ics 
distinctly ttoee-w m ged (C. coslaricam), or the lobes are diversely lobulate 
or distorted {C dashca). T h e  num ber o f  receptaelcs in each axis varies 
troni two to eight.

h ™  ™>’ber-producing species o f  the Isthm us o f  Panama,
halt (C. h c n flm  C. guatem ahm k, and C. p m a m m m )  have emar- 

receptacles, w hile the rem ainder do not 
present this peculiarity on account either o f  their irregular shape

Complemmud M ale Injlom cm ce

f l o w m ' i n T f t l > «  aecom panv the female I 
flowe in shape from  the

species thev a k  ”  " 'h ere  they are flabellate. In  this ;
r S i  >" '>'>= " h e r  ones, but I

dehiscence is alw ays more or less slit-like, except m  C. , -i,« ,
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where tijc opening is rounded, and in C . m o y m is ,  where the receptacles 
lu tJly  open at all.

Phtillale Injlorescmce

In all species o f  C a M h ,  the fem ale inflorescence consists o f a  cuo- 
likc ‘receptacle , m ore or less open, according to the num ber o f  included 
towers and also to the stage reached in their development T h e develon- 
ment o f the flower takes place successivelv from the centre to the neri 
pherj-. m aturity being reached w ith the appearance o f  the stigmas T he 
number o f  flowers on each receptacle is variable m thin certain lim its for 
each spec.es, and there usually  rem ain on the outside numerous unde­
veloped flow er-buds that are not easily distinguished from  the bracts or 
scales. Each flow er contains one pistil. T h e  ovary is one^elled  and oar- 
tially adherent to the perianth. T h ere  is only one ovule, which is inore 
or less lobulate m  the low er part, and inserted on the placenta near the 
top o f the ovary cell in such a w ay that the funicle is very close to the 
micropyle.

Fruit and Seed

D irectly after pollination, the perianth usually begins to thicken and 
then gradually turns m to an orange-red pulp. M ore space is required by 
the growing seed, and the receptacle etc. increases its su r fa c e - in  all i e  
parts, but chiefly as regards the outer scales, which alter ttieir original 
size shape, and tex-ture. A n  exception to the thickening and coalescence 
of the p e n a n A s is  found in Cmtilla f a l k x  in which they remain free, 
^een, and hairy, m ore o r less adhering to the seeds. In  the other species 
the ripe pulp is sw eetish  and eagerly sought bv certam b irds; in C  ulei it 
IS even a favo u m e delicacy o f  the native Indians. In  this latter species, 
tne inlructesceiice has a quite characteristic appearance, being globose 
and entirely covered w ith  scales, and containing only 3  to 5 achenes. 
in  L . iaguensis and C . panam rm h, the cup-like receptacle remains 
rather deep and closed, w hile it is quite shallow and open in C. fa llax  
t .  IMUJIM, C. costaricana, C. gimlemalenm, and C. nic<,ym$is. T h e 
counterpart o f  the closed receptacles o f  C. u k i  k  found in C . eUstka, where 

f  ̂  d ^ o r t e d  and reflexed so as to embrace the
an 1  ̂ exceptionallv large in both C. elastica

costartcana.

C is  lack ing regarding the seeds o f  C. australis.
O f the other species, C. fa llax  has the smallest 

roundish '  ^ C . ulei have the largest. T h e  seeds are
ju ^  ' sm all in  C. nicoyeusis, ovoid-elongate and rather large 

^  d istin ctly  ovoid  in the rem aining species. In  all cases,
flattened b y  being pressed against one another



to

T axonom y

The Genus

Castilk  Cervantes in Gaceta de Lileratura de Mexico, Suppl. 2 July 

1794-
Synon ym s; Castella J .  L .  M .

Castilloa first used in T racts R elative  to Botanv 
London, 1805.

A  p n u s  with about ten species, generally d istributed from  Mexiaj 
w  Bolivia and Brazil. A ll are laticiferous trees, but there is considerable 
variation in d ie quality o f  the gum  obtained from  the latex in diflercni 
species. T h e  most im portant from  the standpoint o f  actual production of 
rubber has been C. uki. T h e  most im portant for cultivation has been 
C. elastica, but the confusion in nom enclature has resulted in the plantin'? 
o f several other specics under the name o f C. elastica. Casiilla falhix  is 
deficient in rubber and its latex dries into a hard, sticky, inelastic mass.

The Species

A s in the case o f  Hevea^ full botanical descriptions will not be given 
here as they m ay be found in Pittier (19 10 ) ,

C m lilk  u k i  W arburg, Bol. Jahrb. Engkr, 3 5 . 654, 1905, is a  tree from 
20 to 40 m etres high w ith long, spreading, superficial roots. T h is  species 
occurs extensively in B razil and is the source o f  the rubber known com­
m ercially as caucho. T h e  fresh fruits arc reported to be edible. T h e  leaves
are sm aller than in any other species andthcseeds are proportionately larger.

C u M k  fa llax  C o o l, S cm ce , new ser., 18 , 438. 1903 (including 
Lasnlloa tunu Hem sl., H o o t. h im . Plate, IV , 7 ;  P late 2 6 5 1. figs 1-7 
(figs. 8 - i s  excl.) 1900, in part), is a m edium -sized tree found in Qista 
J^ca  Panama and N icaragua. T h is tree is known locallv as ‘ H ule-m acho’, 
Hulc-colorado or ‘ G utta-percha’ by Spanish-speaking natives, or as 
1 unu b> the M isquito  Indians o f N icaragua. T h e  name o f ‘1 lule-m acho’, 

or male rubber, refers to its lack o f  a com m ercially desirable rubber gum. 
T h e  T un u tree o f  British  H onduras m ay be a separate species.

' ' ' •  2676, 1901, is
to,m d  at an elevation o f  1,300  to ,,7 00  m etres in Peru and is reported as 
common m the woods m  the v icin ity o f  IVIorro Zungo.

Cmtilla daguemis Pittier. C,„,r. U.S. N at. Herb., 13 ,  pt 7 p 268. 

vcntura to Call. Pitticr reports:

tru ly g igantic proportions, w ilh  .a 
som ewhat striking habit. I h e  shaft-Uke t r u i ib  attained a  height ccnain lv

98



under and perhaps over, 50 meters, and the divaricate limbs m oalv 
projecicii horizontally, bcgmnmg about 5 meters from the uround 
from .  hich the type sptximens ,vcre obtained grew near the probable L T r  
Itait of the speetes, and was o f much lower stature, with a rounded c r o w  
and a trunk no less than 60 cm. m diameter.

Castiik lactiflm , O w k  Science, new  ser., i8 , 438, ino7 is a 
sized tree attaining a  height o f  25  or m ore metres. T h e  voung twies are 
densely hairy aad  have a thick white pith. T h e  type specimen w ^ c o l-  
lected at L a  Zacual^pa, Chtapas, M exico. C. lact.flua is closely related to 
C. elasuca, but d iffers from  that species in the flat lobes o f  its nrimarv 
male inflorescences in its flabcUate recep u cle , its few er i n t e r s t L i n S  
bracts, and its shallow , flat fru iting receptacles each b earin i fifteen m 
twenty-five seeds.

C m lilk  caslaricana L ie b m ., O m sk. V,d. Selsk. Shr  V  2 3 m  , s - ,  
is a tree generally 1 2  to 15  m etres high, but sometimes teaching tS^t!
22 metres. I t  is found m  the northeastern watershed o f  Costa R ica and 
the adjoming districts o f  N icaragua and Panama, where the climatc is 
characterized b y  perenraal rains and alm ost perpetual dampness o f 
both soil and air. I t  occurs from  sea-level to about t ,000 m etres’ elevation 
The natives beheved that the rubber-content o f  the latex and also the 
quality o f the product decreased with increased elevation T h e tree does 
not thnve in sandy or saline soils, or when directly exposed to sea-breezes 
It IS never found in d o se  proxim it)- to the coastal swamp

As w ith m any other trees o f  the tropics, the surface o f the bark is 
covered with dense colom cs o f  lichens, the colour o f  »  hich varies in part 
with the intensity o f  the light. T h is  fact has given rise to the belief that 
there are several varicties o f  this species, distinguished m ainly b y  the 
colour o f the bark but also b y  the correlated fluidit\- or richness o f  the 
latex. 1 hus, the trees that g row  in the thickest forest have also the darkest
bark, and their latex is v ery  thin and easily collected, containing less
rubber than that o f  others, w hilst trees that grow in full sun exposure 
nave a light-coloured bark and a very  thick, rapidly coagulating latex.

Castilla g im tetm lem k  P ittier, Contr. U .S. Natl. Herb., 13 ,  pt. 7, 
272, 19 10 . T h is  is  a  m edium -sized  tree with divaricate, spreading limbs, 

Guatenial T a b a sc o  and Yucatan  in M exico, and also in

C ook. Science, new scr., 18 ,4 3 8 ,19 0 3 , is a medium-
If-? li k spreading when growing in the open.

ob liq u e ly  asccnding, and nude. Bark o f young 

Pittier " p licate (in d ry  specimens) and densely hair)^

? A l r ^  r  is f’^sed on the fresh material kindly sent from Ancon
was ^  I  ’  o f the speciiic status o f the Panama rvpe

garnered from  the comparison by M r. 0 . F . Cook o f H<>oker’s plate



(1885) with material o f the other Central American spccies. Our specimen 
are found to possess all the characters attributed by M r. Cook to his C. pana 
mensis, and to agree also fairly with Hooker’s descriptions and illustrations 
so that there is little doubt left as to the identity o f our tree with the one 
grown in Ceylon from seeds or cuttings collected on the Isthmus.

Castilla nkoyenm  Cook, Science, new  ser., 18 ,4 3 8 ,  1908, is a  medium- 
sized tree, 10  to 20 m etres high. Its  lim bs arc divaricate, ascending, or 
horizontal. T h e  flower-bearing tw igs are covered with a dense coating of 
rather long, brownish hairs, longitudinally striate w hen d ry  and filled 
with a thick, white pith. T h is  species is confined to the N ico ya Peninsula 
in Cc«ta Rica. In  com mon with C . elastica^ it has long-stipitate male 
receptacles, but it  difFers from  that species in  having these only in clusters 
o f  four and each opening into a flat circular disk. T h ese  receptacles are 
also sm aller than in C . elastica, w ith m ore slender stipes and larger 
scales. T h ere  are no interstaminate bracts on the com plem ental inflores­
cences, and few  on the prim ary male receptacles. T h e  st>'les are glabrous 
and the pubescence on the uvigs and leaves is longer, not so dense, and 
more erect than in C. elastica.

Castilla nicoyensis is a good rubber producer, the latex being particu­
larly abundant toward the end o f  the d ry  season, although wild stands 
w eregreatly depleted b y  over-tapping due to the high quahtv o f  the rubber. 
Several small plantings o f  this species w-ere established near Puntarenas 
Costa Rica.

Castilla elastica Cervantes, Gac. Lit. M ex. S u p p l., 17 94 , is a large tree 
atp in in g  a height o f  20  and m ore metres. Y o u n g  tw igs are densely covered 
with yellowish or greyish hair. T h is  is the species to which nearlv aU 
cultivated types have been referred. R u b ber literature refers only to 
C. elastica as the species planted throughout the w orld, and to C. ulei3s 
the source o f  the caucho rubber o f  Brazil. N o t enough is known o f the 
bouth A m cncan species to state definitely that C. ulei is the sole source of 
caucho rubber. T h ere  can be httle question that in C entral America, 
and probably m  M exico, several species o f  Castilla have been important 
\Mld sources o f rubber, and that the planted Qistilla  belonged to several 
spcc.es. I t  was the opinion o f  O. F . C ook that a p lanting o f C. e k s M ,  
fthich was under cbsen 'ation b y  the U nited States D epartm ent o f Agri- 
culture at Bayeux, H aiti, m the nineteen-twenties, was a m ixture of 
three spccies, but the study necessary to establish this as a fact was never 
completed.

M o r p h o l o g v  a n d  A n a t o m y  w i t h  R e s p e c t  t o  P r o p a g a t i o n  a n d  Y io j )  
Seeds

rnnHil’ '  “  the Acshy fruit and, under natural

A fter S ' " "  ■he 1
»  shi^ S  ^  perishable and difficult ;

sh.p long distances, although in the fresh condition th ey germinate ^



that has been
used with CasttUa (see C hap . X  I). Propagation by cuttings is feasible 
and early introductions o f  m to the East and into A frica were bv
rcoted c u tt in g s-a fte r  the first shipm ents o f  seed had been total failures 
Later tests demonstrated that seeds could be shipped long distances i f  
they were first cleaned thoroughly, slightly dried, and packed in moist 
charcoal. Leat-m ould, san d, and saw dust are also useful as nackine 
materials, but they do not preserve the seed as well as does charcoal.

u by Cuttings

In  addition to the original im portations o f  rooted plants into the 
East, a num ber o f  e y e n m e n ta l plantings were established vegetativelv 
in Mexico. On the w hole, how ever, it was much more satisfactory to use 
sect! in areas where CastUla was native and seeds were abundant Branch- 
wood suitable for m aking cuttings could only be obtained high up in the 
tree. T he differences in the branching habits have already been pointed 
out (p. 95). T h e  first-form ed branches assum e a horizontal habit o f 
growth and are tem porary , being replaced later by permanent branches 
that come o ff at an angle from  the trunk o f  the tree rather than grow 
horizontally as do the tem porary branches. T h e  tem porary branches root 
but do not form  norm al term inal buds, and are quite unsatisfactory for use 
as cuttings. Cook (19 0 3)  states that a tree originating from a Casl/V/a post 
used in making a fence, developed into a large tree some 80 ft. in height 
mth a circum ference o f  7 ft. at 5 ft. from  the ground. It had a clean 
stem, with a height o f  som e 3 3  ft. to the first branch, and had yielded 6 lb 
ot rubber at one tapping up to about h a lf the height to the first branch 

M  (1903) suggested obtain ing cuttings from different w ild trees 
m the local forests as a  tneans o f  initiating plantings for the selection 

testing o f  particular w ild  trees on the basis o f growth-rate and yield, 
e stated that stakes 5 or 6 ft. long and 2 or 3  in. in diameter would take 

root and grow  w hen sim p ly  set in the ground, and that propagation from 
cuttings would be an easy  m ethod o f  establishing row plantings o f  vege- 
tative progeny from  individual trees o f  the forest that were known to be 
mgh yielders. T h ere  is no record that this suggestion was carried out or 

at any other m ethod o f  selection or im provem ent o f  Castilla was ever 
attempted.

The Bark

li‘n ^ re latively sm ooth bark and norm ally has a considerable
climK’ branch. A s tappers resort to ladders and
unh to tap the trunk to a ma.^imum height, this length o f

im portant advantage. T h e  bark is difficult to tap 
yield m achete or a ver>' sharp knife. Because Castilla
from . L o f  latex at one tapping and does not recover quickly 

e effects o f  the tappin g, the re-opening o f  the cut, as m ay be done



with lievea, is not possible with Castilla. T h e  tapping cut m ust be to full 
depth and it is not possible to approach the cam bium  layer carefully as 
in tapping flcvea^ in which some five successive tappings arc required to 
bring the tapping cut to the required depth. A t that point, the delieatc 
green o f  the cambium can be seen through the thin layer o f  uncut bark 
at the bottom o f  the cut, and subsequent tapping can thus be done with 
fu ll knowledge o f the location o f  the cam bium  and consequently with a 
minimum o f  damage. In  tapping Castilla, the fu ll depth o f  cut must be 
rcachcd at cach tapping and, to obtain m axim um  yields, the cut is made 
through the cam bium  into the wood.

U nlike Hevea bark tliat has been pared o ff  gradually and carefully, 
the bark o f  Castilla does not grow  back uniform ly, but form s thick layers 
o f  callus tissue at the m argins o f  the cuts. T h is  tissue is hard to cut, and 
subsequent tapping is made even more difficult. So  far as possible, each 
new tapping cut is nfede in virgin  bark— at first between the old cuts and 
then, finally, diagonally across them. A s  trees are tapped o n ly  from  once 
to four times a year, it has been possible to continue tapping individual 
trees for several years, and claim s have been made that individual trc« 
have been under tap f<jr up to twent>’-five vears.

The Latex-vessel System

T h e  latex vessels o f  Castilla consist o f  elongated single cells. T h ey do 
not anastomose as do the articulated latex vessels o f  ^Ht-vca. T h e  latex 
vessels are found in the bark o f  the roots, trunk, and branches, and also 
in the pith and in  the leaves and fruit. T h e  only im portant vessels for 
rubber production are those in the bark o f  the trunk. W hen the tree is 
tapped, latex is obtained only from  those latex vessels that are intercepted 
by the tapping cut. T h e  latex flows freely from  all vessels that are cut, 
and a relatively large quantity o f  latex can thus he obtained. Unlike 
that Hevea^ the latex o f Castilla does not become highly concentrated 
m  dry weather but rem ains dilute and fluid. N o  further d ilution o f the 
latex is necessary to obtain a free, rapid flow o f  the latex from  the cut 
vessels. T h e  large flow o f rubber at a single tapping o f  Castilla is not due 
to a high rubber-content, such a,s is found in guayulc or the Russian 
rubber-bearing salsify, Scorzonera taii-saghyz. T h e  single-cell latex 
vessels Castilla offer less obstruction to the flow o f  latex than the articu­
lated vessels o f  Hevea, and the fluidity o f  the latex allows it to flow from 
relatively long distances to the tapping cut, 'I ’he stabilitv o f  the latex 
permits the flow to contmue until the bark pressures become equalized 
with that oi the surrounding atmosphere, as there is no coagulation o f the 
latex m the latex vessels to stop the flow.

The Latex

™  than that o f N o n - r u b b «
constituents o f  the latex make up some 25 per cent o f  the dry-w cight of



■- tlie gum from m ature trees, and even larger percentages o f  that from 
voting trees. W eber (19 0 3)  tested the rubber from  trees o f  various a«̂ es 
and found resin contents (acetonc-solublc materials) as follow s: “

per cent
Two-year-old trees 42 33
Three-year-old trees 35'02
Four-year-old trees 26-47
Fivc-ycar-old trees 1 81 8
Scvcn-year-old trees u - jg
Eight-year-old trees 7-21

The proportion o f  album inous m aterials in C astilk  latex is much 
higher than in  H n e a  latex. T h e  stability o f  the Castilla latex and the 
difhculties in coagulation have been attributed to this fact. T h e latex 
can be purified by d ilu ting it m th  several volum es o f  water and then 
allowing it to cream . T h e  album ins separate in the serum. single 
crcaming produces a  relatively pure rubber suspension, and repeated 
creamings produce a ru b b er suspension o f  high purity^

Weber also studied the resin content o f  rubber from different parts o f 
an old tree and reported them  to be as follow s:

per cent 
Trunk 2-61
Largest bninchcs 3-77
Medium branchas 4 88
Young branches 5-86
Leaves 7-50

T he latex o f  Castilla has been uniform ly reported as white, and the 
colour differences reported fo r Hevea arc lacking. A ll investigators have 
reported that the latex is pure w hite at first, but that it darkens quickly 
on standing in  the air. T h is  has been ascribed to an oxidase that Parkin 
{1900) studied and found could be inactivated by heating, or removed 
by creaming.

The priraan,' separation o f  Castilla latex into two fractions can be 
observed as it flows from  fresh  cuts on the tree. T h e  white droplets o f 
pure latex appear to be w ashed along the cut by a larger flow o f a thinner, 
coffee-coloured fluid, w hich  can then be observed floating on top o f the 
white latex in the cups or other receptacles used to catch the latex. In
^therm g the latex fo r transport to coagulating centres, the fractions

w lS r ^  m ixed and the resultant latex mixture appears pure

The latex o f  Castilla is quite stable, and it is probable that the original 
< t̂s on latex in En glan d  and elsew here were conducted with Castilla 

which m ight w ell have stood the trip to Europe without the aid 
preservatives. Hev-ea latex could  not have been shipped so far without 

zii^C n  piitkaged and sealed against the
dcte ' ■ rhan a month \\ithout appreciable

noration. I f ,  on the other hand, the container is opened, coagulation 
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ia k «  placc, ^  ith the development o f  considerable pressure and, should the 
eonrainer have ;i small orifice such as the neck o f  a bottle, the coagulated 
n ibber is forced through this orifice in the form  o f  a  long, rope-Hke strand 
the size o f  the orifice. In  some instances, rubber ‘ ropes’ nearly 2 ft. long 
have been formed from the rubber contained in a one-gallon bottle of 
Castilla latex.

W eber [tee Cook, 1903) found that the latex o f  Castilla could be 
coagulated by a cream ing method. l i e  diluted fresh latex with five times 
its own voiume o f  bo ilir^  water and added 8 oz. o f  formaldehyde to 
each barrel o f  latex. H e stated that after tw enty-four hours the white 
rubber could be lifted off' as a snow-white cake, and that rubber so pre­
pared was fu lly  equal to the best grade o f  Para rubber. Parkin (1900}, 
in Ceylon, compared the susceptibility o f  Costilla latex and that o f  Hnea 
to creaming. I 'h e  Castilla latex cream ed w hen w ater w as added, and 
witliin an hour or two the rubber particles all floated in  the form of a 
thick cream. T h e  diluted Hevea latex show ed no sign o f  creaming even 
when submitted to a low  tem perature. Park in  attributed the difference 
in reaction to the larger size o f  the rubber particlcs in the Castilla latex.

The Flowers

T h e  nature o f  the Castilla flowers has been discussed. Pollination 
appears to be prim arily by m eans o f  w ind dissem ination o f  the pollen, 
and the only insects that have been recorded as visiting the flowers are 
crawling insects that w’ould not be expected to do m ore than carrv the 
pollen from  the staminate flowers to the adjacent pistillate flowers o f the 
^ m e  tree. T h ere  are no known trees w ith pistillate flowers only, the sole 
unisexual trees reported being in variab ly male. Su ch  trees would not 
be expected to be involved in pollination b y  craw ling insects. T h e  com­
plete separation o f  the staminate and pistillate flowers should fliciliiate 
controlled pollination o f  Castilla, but there is no record o f  any breeding 
programme to develop superior types o f  Castilla trees.

Growth and M inimum Tapping Age

Castilla is reputed to be a fast-grow ing tree and this reputation was 
D stressing its value as a  potential source o f  plantation

rubbw . Precise growth-rate data are lacking, but there is every indication 
that Castilla was indeed a fast-grow ing tree wherever it was planted, 
i t  was found, however, that the initiation o f  tapping had to be delavcd 
much longer m the case o f  Castilla than w ith Hex'ea W eber (1903),’ on , 
the basis o f his comparison o f  the latex from  trees o f  different ages, 
concluded that the lapping o f  Castilla should not be started until the 
^ ees had reached an age o f  at least eight years. R esearch workers in 

r f , l i  expressed the opinion that successful tapping :
could not be mmated until after the trees had started f„rm in(; buttress t 
roots, ih is  would delay tapping until after the tenth year o f  age and : 
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^ i b l y  longer. I t  is  quite probable that roost plantation trees aiCaitiUa 
C e  been tapped in itially  at too early an age, and that better results 
ffould have been obtained w ith delayed initial tapping. T h ere  is no cvi- 
dence that Camilla could rival Ha>m  fo r plantation use.

Berause o f the rapid  initial grow th o f  young trees and the high yield 
individual trees, it was suggested during W orld W ar I I  that Camilla 

might be grown thickly m  n ursery row s and harvested for mechanical 
extraction o f  the rubber at the end  o f  the first year. U n der the technical 
direction o f  the U n ited  States D epartm ent o f  A griculture, plantings were 
made in F lorida and at M ayagu ez, Puerto R ico. A t  the end o f a year, 
chemical tests show ed that the total rubber-content o f the plants amounted 
to only a few pounds o f  ru b b er per acre, and that CastilU could not rival 
^ayule in the accum ulation o f  rubber.



B O T A N Y  O F  P M T H E N I U M  

G u a ™ , .e  *

Inlroduciion

T h e  gua}-ule rubber plant, Panhenium argentalum  G ray , is a native of 
tlie high central plateau in northern M exico  and the area in T exas just 
north o f  B ig  Bend. A s a rubber plant, it is unique in that it does not 
have easily apparent latex, the identifying characteristic o f  rubbet- 
bearing plants practically throughout the w orld. R u b ber does occur in 

, guayulc in the form  o f  latex, but it is contained in individual cells rather
■ than in more or less continuous latex vessels as in He'cea and other wdi- 

knom i rubber plants o f  the tropics. M an y  plants that contain rubber 
have the m bber in individual cells, but guayule is the sole plant o f this 
nature that has been the source o f  significant quantities o f  rubber. Llovd 
( 1 5 1 1 ) ,  the dean o f the scientists who have contributed to the study of 
pia)-ule, did not realize that the rubber in guayule was in the form of 
latex. H e stated, ‘ W ell-nigh nothing is known about the cn o lo sy  of 
rubber-secretm g cells. T h e  great initial difficulties in the investigitiuns 
have arisen from the fact that in  most rubber-producin g plants this 
im tenal occurs in latex. In  the guayule, as in few  other known plants, 
the rubber is laid down within certain cells, in a m anner analogous to 
the formation o f starch.’

L lo yd  (19 32 )  reahzed his mistake and wrote, 
T h e account which I  published in 1 9 1 1  o f  the m ode o f  occurrence of 

o o u tch ou c m  guayulc, Panhm m m  argm taum  G ray , is incorrect. . . .  In 
he guayule, as in some other rubber-bearing plants, the rubber occurs 

segregated. In  contrast « ith  this 
late.x-bc-aring rubber plants, such .k 

U T r ' h i  ’ ’■ Scorzomru, Clwnirill.,, etc., in which
D^cCt ”  less prom inent according to the

S  ‘s in n ibcs from
s t f t i l  ' “ S freely. . . . T h is  general
r S  a s o S r " 7  f - r .  as 'w ill be s h o i n, the
T h e ft.id  I "  ;  substances occurs in the sam e manner
I h e  nuid here is equally a latex confined to individual cells.’

•  Pronoujiccd Gwi o6 H or wi 06 li.
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I n  spile o f  having rubber in the form  o f  latex, guaj-ule cannot be 
ta p p e d  as are other plants to obtain the rubber. H ow ever, processes have 
been developed for extractin g  the rubber in the form o f  latex. Spencc 
(1,38) obtained a U n ited  State.s patent on a process for e.itracting rubber 
from guayule in the form  o f  latex and, during W orld W ar I I ,  C lark &  
Place (IM S) perfected the proccss. T h e y  extracted the latex from  fresh 
giianile plants and concentrated it to some 20 p er cent o f  rubber by 
high-speed centrifuging. O n  the w hole, how ever, the extraction o f  the 
latex has not proved com m ercially feasible and the rubber is obtained 
from the shrub in a solid form  b y  a system  o f  m echanical manipulation 
Chewing o f  guayule plants to obtain the ru b b er undoubtedly preceded 
the discovery o f  A m erica. M echanical processes were also used at an 
a r ly  stage to obtain ru b b er fro m  species o f  Laniolph'ui in A frica  and 
there might be some question as to w hat plant was the first to be tr’eated 
mechanically to obtain the ru b b er fo r m odern usao-e.

 ̂ There can be no question  that, outside o f  R u L ia ,  gua)-ule has been 
e.xploited to a greater extent than any other rubber-producing plant 
requu-ing the use o f  m echanical extraction. B y  far the m ajor portion o f 
the rubber extracted from  guayule has been obtained from  m id  plants in 
Mcxico. A  small quantity has been obtained from  wild plants in T exas—  
once by a private com pany at M arathon, Te.xas, and again during wartim e 
hj-the Forest Service o f  the U n ited  States D epartm ent o f  A griculture 
I he operation by the latter w as so  thorough that, a decade later, no 
regeneration o f  wild plants hud occurred in areas w here g u a ju le  form erly 
had been conimon. T h e  lack o f  regeneration w as partly  due to over-

(grazing o f the area d u n n g  a subsequent period o f  drought, and not 
entirely to the w artim e harvest.

A  smaU quantity o f  ru b b er w as also obtained from  cultivated g u a ™ le  
in the Umted States. T h e  largest harvest w as in the depression vears o f

o f  shrubs were
t  im ested  by the Intercontinental R u b b e r C om panv. D u rin g  the war, 

f  k t ^ r m  P l> « ed so m e  ,2 ,0 0 0  acres o f  guaj-ufe;
r  shrubs W^!! I “ sm all quantity for rubber. M ost o f  the
^  rubber the w ar w ithout recovering the accum ulated

t- Natural Range o f  Guayule

studied the native stands o f  ^ la y u lc  in
■ fbliuws:  ̂ ( * 9 1 1 )  g ives the geographical d istribution as

of distribution o f  the guayule is in the southwestern part
Counties! occurs in Presidio, Brewster, and Pecus (near Langtr>*)
throus?ho!ir continuous with its area o f distribution in Mexico,

: this arpa with greater or less frequency. The periphery
^  ns approximately as follows: from the western exrremity o f



Presidio County in Texas, the western boundary will run somewhat west of 
south rill it reaches the northern boundary o f  Durango, near Santa Barbara 
Chihuahua. From this point, the limit turns approximately toward the south! 
east, running parallel with the Mcxican Central Railway at a distance of about 
100 kilometers (Endlich, 1905). Beyond the state o f Durango, the boundan 
turns still farther to the ^ t ,  cur\-ing northward again not far from the city 
o f San Luis Potosi. The lo is t  meridian marks roughly the eastern houndar)', 
lying somewhat west o f it rill beyond Saltillo, where the boundary- then 
curves slighltj- west o f nortli, reaching the eastern limit in Texas at about 
Langtry. 'I'he northern limit is marked approxiinately by Fort Stockton, 

L loyd  estimated that the area (cf. F ig . i)  so bounded comprised 1 
total o f some 130,000 square miles and that about 10  per cent o f this area 
carried guayule.

T h  DislribHtion o f  Guayule m thm  Its N atural Range

W ithin its natural range, tlie distribution o f  guayule is extremelv 
spotty, and there are fe\v large continuous stands. T h e  elevation vari« 
from  about 2,000 ft. to some 7,000 ft., w ith the m ajor stands in Mexico 
at elevations o f  5,000 to 6,500 ft. Gua>aiie is usually considered a t}-pical 
d ^ e rt  plant. M uller (1946), however, ckvssified it as a sem i-desert plant 
which, in its altitudinal range, is restricted to a narrow  transitional zone 
lying between desert and grassland elevations (Plate 15).

In  nature, guajoile is limited largely to lim estone ridges and highly 
calcareous soils. A  high iime-content has not been found necessar}- in 
soils for the cultivation o f  g u a ju le  but, in nature, it is never found on acid 
so ils; nor is it found on heavy soils with poor drainage. T h e  natural stands 
o f  ̂ i y u k  are found in spots not suited to general plant grow th, and there 
is ever>- indication that the occurrence o f  guayule is lim ited not by lack of 
adjustability to soil and climate, but by its inability to compete \\ith 
other vegetation. On limestone ridges, the g:uayule is restricted to the 
upper levels and rocky slopes where other plants arc not able to crowd it 
out. T here is a sharp line o f  demarcation between the stands o f  guayule and 
outwash areas at the foot o f the slopes.

Rainfall

Lo w  rainfall is characteristic throughout the area where sruavule is 
native. T h e yearly rainfall averages from  7 to 15  in ., w ith even less re­
ported m  drought years. Cooperrider &  C u lley  (19 4 3) indicateil thfir 
belief that the requirem ents o f  guayule for water m ight be higher than had 
previously been considered to be the case. T h e y  stated:

Growth arcas-outwashes, fans, cones, ctc., including benches on mouniain 
slopes and other rim-olT fed, naturally irrigated places— indicate that tb< 
water requirements o f guayule may be greater than might be exnecred, The 
water supplied by lo to  15  inches o f rainfall might be raised to 12 or 20 or 
more inches through natural run-off irrigation. T he availabilit)' of 
favored also by rocky, highly permeable soils o f high infiltration capacity. 
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Muller (I94<>) *'‘‘5 show n in  d e a il  that, under cultivation, guayule 
„ „ i s  penetrate deep into the soil (F ig . 3). In  nature, on the limestone 
ridees, ctc., to which guayule is restricted, the roots are unable to pene- 
m ie deeply but spread out latera lly  and occupy all o f  the permeable soil

root sysicm of a guayule planl. Thu root sy>reni was exposed by 
making drawinics and nlcasl!rcmcn^ as ihe roots were

^  the vicinity o f  the plant. T h is  characteristic growth-habit permits 
to cake advantage o f  all available soil moisture and to survive 

U!iacr conditions o f  drought that are fatal to plants with less ucll-dcvel- 
oped and tenacious root system s. On the other hand, deep m ating is 
aj-ourable to cultivation, and plants can take full advantage u f  deep soils, 

crc their roots can penetrate to depths o f  over 20 ft. -a depth that is 
possible in  the rock}' ridges to w hich  guavule is native.



Temperature
Guaj-ule in nature is subjected to great variations in  temperature, 

both (Hurnal and seasonal. M uller {1946) states:

The climatic toIcranccs o f c^a>nile arc actually ver>̂  wide when viewed from 
the standfK)int o f its growih in various localities. Its persistence in the j 
in districts of'I'exas where temperatures o f - f l ' .  have been recorded, its : 
tolerance o f exceedingly hot and dry summer periods o%-er mi>st o f ii.s range.  ̂
and iti luxurious development under irrigation equal to heavy rainfall, ; 
cover a wide range o f conditions. ;

M oiitlily maximum temperatures o f  about io o °F . arc not uncommon ■ 
during tlie growing-season in M exico, and the w inter m axim a are not ! 
much lower. M inim um  tem peratures seldom  go far below freezing in i 
the native range o f gu an ile  in M exico, and night tem peratures may be ' 
in the forties or fifties even at the height o f  the growing-season. ^

T h e tolerance o f  guayule to low tem peratures in cultivation is much 
less than was indicated b y  M uller. N orm al w inter tem peratures below i 
15 °F . are considered unfavourable for guayule, and extensive winter- * 
killing has been experienced at tem peratures o f  A s is true f)f many ' 
plants, guaj-uIe withstands loAver tem peratures in colder areas, where the 
temperatures stay low  enough to inliibit growth throughout the winter, 
than it will stand in areas where the winter resting period is broken by 
spells o f warm  weather— especially i f  the w arm  w eather coincides with 
rains that encourage new growth. T h is  lush young grow th is highly 1 
siisceptible to damage by succeeding cold weather. Sm all plantings in 
northern T exas have survived without serious in jury  in m any instances 
when similar plantings in  the southern part o f  the state have been des­
troyed by freezing. T h e  temperature differences w'ere not great, but the 
hardier nature o f the more northerly plants prevented the damage that 
killed the lusher plantings to the south.

Natural Reproduction

Reproduction o f guayule in nature is either by m eans o f  seed * nr 
through the development o f  new plants from  root shoots. Because of rhe 
high mortalit}’  o f the seedlings, the limited production o f  new plants hy 
means o f root shoots m ay be the ch ief means o f reproduction in some 
areas— particularly in those where the plants have been harvested, leaving 
the severed roots in the ground.

Guayule seeds abundantly, and m ature seed s* picked from  ihc jiUnts 
while they arc still turgid w ill germinate prom ptly. ITow'cver, i f  rhe seeils 
ripen completely on the plant, they enter a period o f  dorm ancy ihat can 
be interrupted only after storage or by chem ical treatment. Under the 
desert conditions o f  the native range o f  guayule, this dorm ancy is Jii
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imporlant factor in the survival o f  d ie  species. N orm allv, tiic flowering 
of the guayule plant is started b y  tlie onset o f the rainy period. Pollination 
jnd seed developm ent are prom pt, and there is often sufficient moisture 
for the germ ination o f  the seed im m ediately— but not enough for the 
establishment o f  the youn g plant. Seed dorm ancy prevents the germina­
tion o f the seed near the close o f  the rainy period, forcing it to wait for 
the beginning o f  the next rain y period.

A  high proportion o f  the seeds lodge in  the shade o f the mother plant 
and others find lodging in vegetable debris near by. A t the beginning o f 
the next rainy season, germ ination is prom pt and millions o f voung guayuie 
plants m ay be seen. Com petition  w ith other plants and even with’ the 
mother-plant itse lf  b rin gs about a  great mortalit)- o f  the seedlings, and 
only in very favourable years is there an appreciable renewal o f the k n d  
by the establishment o f  new  seedlings.

Reproduction b y  seed m ay be either b y  am phim ixis, which entails the 
pollination o f the ovule, or b y  apom ixis, in which the ovule develops 
widiout pollination. A m p h im ixis involves inheritance from bodi male 
and female parents, w hile  apom ixis involves only tlie mother plant. 
Reproduction in guayuie is largely b y  apom ixis. In  general, according to 
Rollins (1950). 36-chrom osom e plants (diploids) are fu lly  sexual while 
the polyploid (54-, 7 2 - , and higher-chrom osom e types) are facultative 
apomicts. T h e  sexual ty"pe is  found only in the general area centring on 
eastern D urango, and it is probable that this area represents the region o f 
origin o f the species which w ould then have spread from there to its 
prffient lim its. In  g u a ra le , fertilization o f  the endosperm nuclei is re­
quired to initiate seed developm ent, but there is no need for fertilization 
ot the ovules in the aponiictic polyploid  strains. Aponibds is thus faculta­
tive and not absolute, and in  the com m ercial strains over 90 per cent 
of the seeds are the result o f  apnm ictic reproduction. A pom ixis has 
resulted in great uniformit\- in  m anv o f  the restricted local stands o f 
guaj-ule.

Another factor, both in  the su rvival o f  the species under extremely 
adverse conditions and in  the developm ent o f  local uniformit}', has been 

o f  plants b y  root sprouts. R oot sprouts, known locally 
la Mexico as ‘retonos’, resu lt from  in jury  to, or exposure of, the root 

ough erosion or any sim ilar circum stance. T h e y  are not common in an 
undmurbed stand o f  g u a j^ le , and are found m ostly on slopes where there 

as been sufficient w ash  to expose the roots. A fter guayuie is harvested by 
pu >ng the plants from  the ground, the broken roots remiiin in the ground 

plants. T h is  is the ch ief source o f  retonos. 
re”  show ed that the broken roots o f harvested plants may

m onths i f  the soil m oisture is insufficient for grow th, 
start vigorous growth when the rains again re- 

i . m oisture. R eton os have a great advantage over seedlings,
''ing roots o f  the old p lant until their own develop.



T a x o n o m y

T h  Gntu!
Rollins (1950) has made a detailed strudy o f Parthm ium  and sa js ;

The name Partlunium originated widi Linnaeus in the Specics Plantarum 
and was based on plants o f two herbaceous spccies: P. hysterophorus from 
the Island of Jamaica, and P. inlesrifilium from Virginia. T he next dcscribcd 
spccies, P. hip'mnaufidum, from die highlands o f M en co, is a near relative of 
P. hysttrophoTus and has long been considered conspccific with it. At a 
relativelv early date, P. Hpinnatifidum was made the basis o f two separately 
dcscribcd genera: Villanova and Argyrockaeta*

Until die discoverv and publicarion o f Parthamm imnnum . . .  [in 1820]
. . . , the genus was thought to be composed only o f herbaceous species. 
However, during the rapid exploradon o f Mexico in the decades that followed, 
several additional shrubby species were discovered. In 1842, Torrey and 
G ra y *  placed Nuctall’s f  Bohpkyta alpina (1840) in Partheniim, thus 
raod^'ing the generic concept to include a monocephalous plant of vcn, 
dwarfed habit. By this time, represcntadves o f the four sections o f ilie genus 
had been discovered and the full range o f habital difierences was known. 
'Oicse differences are one o f the remarkable features o f PaTtbenium. One 
eitreme is represented by the ephemeral annual plants o f P. bipimiitipdm, 
which «»mpfctc their life-cycle from seed to seed in eight weeks. Among 
rhe herbaceous perennials, P. ligulalum and P. alpinum arc so dwarfed that 
they hardly project above the gj'psum-impregnated soil o f their native habitat, 
from which they are scarcely disringuishable at a glance. Other spccies 
represent a series which culminates in the very ligneous t\pes represented by 
P. tomentoium. These may become large shrubs or small trees o f o\er 15 fr. 
in height. In view o f this great rajige in habit o f growth, it is remarkable 
that such uniformity is present in the floral and reproducuve structures of 
members o f the endre genus.

A ll o f the specics are confined to the W estern H em isphere except 
guayuie, which has been planted in  the Eastern  H em isphere as a  possible 
source o f  rubber, and P. hysterophorus, which has becom e a weed and as 
such has been spread to temperate regions o f  the Eastern  Hemisphere. 
T h e  species are described in detail b y  R ollins (1950).

Morphological Comparison o f  the Species

T h e following discussion o f the m orphological characteristics o f the 
sp e c ie  o f Parihenium is abstracted from  the m aterial published bv Rollins 
{1950).

Roots. Reference has already been m ade to M uller’ s study {1946) of 
the root sj'stem o f  guayule. H e showed that in cultivated plants the roots 
may penetrate as much as 20 ft. into the soil, although under natural 
conditions in Texas, guayule form s a m uch shallower root system — rarely

•  J. Torrey &  A. G ray-E d. f  t . N uttall-Kd.
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more than 2  ft. deep, b u t with a m uch greater tendency to spread later­
a lly  than in the cultivated plants.

■ In plants o f  the Section  Bolophytum^ including P. Ugulatum and P. 
alptnum, the root is  somew hat expanded at the crown, upon which the 
persistent leaves are borne. T h e  stem  is so telescoped as to be merely an 
expanded terminal portion  o f  the m ain root, from  which it is not separated 
bv any distinguishable m arking.

' The roots o f  the plants in Section  Partheniastrum, including Parthen- 
m  hispidum and P . integrifoUum, are distinctive because they are often 
much enlarged. In  the latter species, especially, the root is usuailv swollen, 
producing a tuber-like structure. T h e re  is  a creeping tendency in the 
roots o f P. hispidum, and they are most often without a tuber-like swollen 
portion, although som e specim ens have distinct swollen ponions.

Stems, One o f  the outstanding features o f Parthenium is the extreme 
range o f variation o f  stem-t>’pes which it  exhibits. Species o f  Section 
Bolophytum have a condensed stem , w ith no clear separation be^veen stem 
and root. T h e  stem  stru cu ire  is non-w oody and the nodes are close to­
gether, with the leaves crow ded. T h e  older plants o f  both P. alpinum 
and P. Ugulatum have num erous suckers and form  low, dense clum ps o f 
various sizes. A lthough these sucker clum ps seldom  project more than a 
centimetre or two above the ground, they m ay persist for many years.

Elongated herbaceous stem s are found in plants o f Section Parihmi- 
astrum and Argyrochaeta, the latter consisting o f  7-̂ . confer turn, P. densipilum, 
P. hysterophorus, P . bipinnatifidum^ and P. glomeraium, in the classification 
given by R ollins (19 50 ). T h e  m em bers o f  Section Partheniastrum  arc peren­
nials and the stem s die back to the ground at the end o f  each growing-^eason. 
New stems arise each year from  adventitious buds on the root-crowns. 
In the annual species o f  Section  Argyrochaela, such as P. bipinmitifidum 
and P. hysterophorus, the stem s are so ftly  herbaceous and usually persist 
through only a single season. H ow ever, the roots will continue to produce 
new shoots for at least three years, i f  the plants are continually cut back.

All o f the species o f  Section  Pdrlhenichaeta^ consisting o f P. tomen- 
fruticosum, P . chieraceum^ P. schottii, P. loziiniiinum, P. incanum 

and P argentatum, in R o llin s’ s classification, are woody and range from 
ow .shrubs to sm all tree.s. A n  interesting feature o f  this group is that they 

Jisuaily producc flow ers w hile the stem s arc still relatively herbaceous in 
eir first year o f  grow th. T h e  lignificarion o f  the stems extends from the 

onwards. S p rou tin g  is rather general in this group, and if  an 
^  er plant is in jured b v  frost, or in some m inor wav, new shoots often 

near the ground-level.

range in le a f t>'pes in Parthenium  is alm ost as great as 
sliohir ^ T e s . A t  an extrem e arc the undifferentiated, reduccd and 
dish '  leaves o f  Section  Bolophytum, in which it is difficult to

bet^veen petio le and blade. T h e  leaves are borne in dense 
rs m terspersed w ith tufts o f  long whitish trich o m a. Perhaps the 
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most higlilv difierem kted leaves are found in the spccies o f  Sections 
Parthcniunrim  and ArgyrochiU-tJ. In  these groups, the basal leaves are 
sharpJv diflercntiated into blade and long petiole, while those on the 
upper stem tend to be sessile. T h ere  is a gradual change from  the basal 
leaves to the upper ones. Entire leaves characterize P. mtcgrifoHmn and 
some forms o f  P. fmptdmn, \shile highly divided leaves arc foimd in 
P. hyftcrophorns, P. bipitmaUfidmi, and closely allied species.

Trichomes. A ll spccies o f  Parthenium are at least partially covered 
with rrichomcs,,and some species, such as P. aTgaitiitnm, P. incanutn, 
and P. to m m su m ,  have a very dense indum eni. T h e re  arc a  number of 
different t>-pes o f trichomes in the genus. T h e  com m onest type is nearly 
straight and pointed, with the largest cell at the base and cell size dimin- 
ishins: toward the tip. Trichom es o f  the floral parts often follow the same 
pattern, exccpt that the terminal cell is likely to be larger than the others. 
In the ontogeny o f the leaf o f  P. orgentatum, the trichom es are ftillv 
differentiated at a very early stage, and the content o f  the mature tri- 
chonie has usually disappeared by the time the le a f is fu lly  expanded. 
Though the trichomes o f  the genus are varied as to t}'pc, it should be 
noted that none are unicellular.

Flowers and Fruit. T h e  uniform ity o f  m ost o f  the floral parts through­
out Parthenium is as remarkable as is the great d iversity o f  the stems, 
leaves, and other structures. In  each head, there are five fertile ray florets, 
each with two attached and sub-adjacent, seed-sterile d isk florets. These 
two disk florets do not difter structurally from  others o f  the disk pDrtion of 
the head— exccpt for their attachment at the base o f  the achene. T h ere  is an 
actual fusion o f  tissues at the base o f the achene, in volving the lateral ribs of 
the achenc itself, the base o f  the two disk florets, and the subtending bract. 

‘-A ll o f these structures remain attached to the achene w hen it is shed. The 
"  corulla o f the ray floret is persistent and is also a part o f  the achene complex.

T h e ray florets are com pletely unisexual, having no visib le  remnants of 
stamens present. T h e  disk florets, on the other hand, do possess an 
abortive pistil together with the fertile stamens. T h e  stigm as o f  the two 
types o f florets arc very different. T h ose  o f  the ray floret arc deeply 
cleft, with pollen-receptive tissue extending from  the tip dow n the inner 
surface o f  each lobe; the lobes m ay be erect or spreading, dependinjt 
upon the spccies. T h e  stigmas o f the disk florets, on the other hand, are 
capitate, with numerous well-developed glandular cells exiendin g i'rum 
the apex over the swollen portion.

In  P. argcntutum, the stigmas o f the ray florets arc receptive as soon 
as the lobes begin to separate. T h e  newly expanded stigm a-lobes are 
turgid and whitish. W hen pollination has taken placc, the stigma-lobcs 
usually begin to turn brownish within twent>'-four hours, ultimately 
beconimg quite dark. W here pollination is not effected, the stigma 
remains whitish and turgid for several days.



Vuriaiion in Chromosome Number withm the Specks
The chromosomes o f  Purthmium  are sm all, relatively uniform md 

nuiiiMous. T h e  different specics, particularly P a n lu n k m  argenlutum and 
p. iiicamm, have both diploid plants and plants that are normally polv- 
ploid. The value o f  cytology in the breeding o f superior tvpcs o f n ia ™ le  
mil be discussed later. Interspecific hybridization has been successful 
to a limited degree and offers hope for the future, particularly in the wav 
of increasing both disease resistance and greater tolerance to cold

The great variation encountered in the chromosome numbers found in 
the different species has m ade it difKcult to determ ine the normal diploid 
number o f some o f  the species. R o llins (19 50) states:

It is now evident that there are at least n  o groups o f species in the genus with 
rcspeet to their basic chromosome-number. In section -\rgirochaeta P 
hystcnphorus with 2n 34 and P. cimfenum var. lyratim  with'2n =  34 ’and 
68 lit one pattern, while all o f the spccies so far investigated in the other 
sections are either 2n =  36 or derivatives o f that number. If, as seems pro­
bable, 2n =  36 IS the diploid number for P. anrtntanm, P. lomtnlosam and 
Its var. Slramomum, P .fm tim tm , P. ligulMim, and P  alfimm, it appears that 

^ I  =  l8 IS the fiindamental or basic number o f sections Bolophvmm Par- 
theniastrum, and Partbenichaeta. The basic number o f seerion .•Vrgvmdiaeta 
would seem to be x 17 , but this leaves the an =  24 of P. bipinmlifidum 
not properly accounted for. The latter is the lowest number so far found in 
die genus. However, the total evidence points aw ay from x =  5 as the basic 
number for the polyploid series o f guayule and its c'loscst relative P. mcamtm, 
“ suggested by Stebbins and Kodani (1944), and supports i  =  18  as accepted 
by Bergner (1946).

V a s ia t io .n -  i n  G u : m i E  w m i i \  i t s  N . v r - r a l  R .4 .W  

Rnlridiou in Total Range

T lie natural occurrence o f  guayule as described by L loyd  ( 1 9 1 1) 
comprises roughly a rectangular strip o f  countrv in  south-west T exas 
md north-central M exico  north o f  the T ro p ic  o f  G m cer and between the 
looth and 105th  m eridians (cf. pp. 10 7 -8  and F ig . i). T h e  rectangle has a 
maximum width o f  som e 250  miles and a length of, rougblv, 450 miles. From  
'ts northern lim its in  the U n ited  States it ranges slighlly east o f  south, 
approaching in the east the lOoth m eridian only at the southern limit o f 

5 range, but approaching in the w est the 105th  meridian both in the 
ost m utherly part o f  T e x a s  and again at about 2 5 ” north. O nly one 

ection has been reported from  south o f  the T ro p ic  o f  Q n ce r.

Total Range

been”  with m any other non-com pctitive species, guayule has
snee -'i^ 'T*'^ '^ in nature to lim ited  areas within its natural range, and to 
whe™ ™ i  ate too severe for plants that crowd out guayule

fe soil and clim ate arc m ore fiivourable for plant growth. G uayule 
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is not fount] where conditions arc m ost favourabJe for it, but occiir? 
instead where conditions arc unfavourable for com petitors. T h is  is most 
aptly illustrated by the relatively rapid growth o f  ^ } ' i i l e  under cultiva- 
tion^ when the potentially cx>mpeting vegetation is kept under control. 
However, a youfijt planting o f  gua>’u le will be rap idly overgrow n if  ihe 
inlensit)- o f cultivation is reduced; and, even after the guayule tops meet 
both within and betAveen the rows, grasses and aggressive shrubs soon 
overtop the gua>'ule in neglected fields.

Natiiral Sta»t!s' jm ! Plant Competition
Gua^Tile is thus definitely restricted both in total range and, within 

its natural range, to mere spotty occurrence. I t  is found on less than lo 
per cent o f the land within its natural range, and there is considerable 
variation in the densit)^ o f  guaj-ule plants w ithin the areas in which it is 
the dominant spccies. L loyd  { 1 9 1 1 )  made careful counts o f  the guayulc 
at a number o f  selected stations, and found a count o f  from  30 to 685 
guayule plants per 100 square metres. In  the area where g u a ju le  plants 
were counted at a density o f  685 plants per 10 0  square m etres, Lloyd 
found the following competing sp ccies:

ScUniific Name 
Partktnium argentalum 
A^avt kchfpiilia 
Covilka mexicana 
Samuelln camerosa 
Deiylirion ceJrouina 
Aeada farnesiana 
Jatropha spatulata 
Zextmiia brevifalia 
Lophophora mlliamsii 
Opuntia megelarlha

Common Name 
Guaj-ule 
Lcchugruflk 
Gobcmadora 
Palma samandoca 
Sotol 
Huisache 
Sangrc dc drago

A'f- liber n f  Plants * 
685
25
3

? t
4+

Scattered all ovci

Peyote
Rastrero

About 10 
23 !̂

In  an a r a  where there were only i8 6  guavule plants per too simare 
metres, L lovd  found:

Scitndfte Name 
Parthemvm argemalum 
Parthenium manum  
Opuntia siempeiala 
Opuniia mkrodasys 
Cavillea mexicana 
Ofuntia imhicata 
Salvia chamardryoi^es 
Oasylimn sedrosanum

Common Name 
Guayulc 
Mariola
Nopal Colorado
Segador
Gobcmadora
Gardenthe
Engorda cabra
Sotol
Cacti (otlicr)

NumhtT o f  Plants 
186

14
5
7

Several small incon­
spicuous plants 

Less than i per 100
square nictrcs 1

Lciis than 1 per 100 :
« P square metres I

tQ .u m to rao o s,u arcm tm -sw *i7-

Samttclla carnerosa 

Agave asperrima

Palma samandocA 

Maguey

s was 45.
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G u m lc  rcprcscnttd  a b „ „ t  90 per ccnt o f  ,he t„ td  plant population 
,vkerc Ihcru wc-re 685 g u a y d o  plants per too square L L  and 

* r c  there » ore only 1S 6  guayule plants per too square metres In the 
Jense stand, simdl p lan t, ot J a tn p k u  spa luku , were scattered throuehout 
tl,e area, but these were not counted and could not be coasidered in 
calcuklins the percentage o f  guayule in the stands. In  the lower stand 
there were several U c t .  that w ere n ot counted. I t  is apparent that with 
the advantage o f  the lim estone ridge to handicap its rivals cuavule be­
comes the a g p s s o r  and dominates. W here the soil is better, (mavule is 
unable to withsfand the com pet.tton and is at best a m inor c o n iit ie n t  o f 
the namral stand o f  p lam s; generally  it is lacking where other vegetation 
flourishes. ®

Relalion o f  Spotty  Distribution to Propagation

In  many areas the lim estone ridges that typ ify the natural occurrence 
of guayule arc sufficiently close together for the interclianee o f  pollen bv 
mnd or by means o f  insects to be expected. there is a significant portion 
of guayule seed production  that is entirely sexual, the'in terchange o f 
germ-plasm has naturally  acted tow ards reducing the chances o f indi­
vidual populations varyin g  m aterially  from  the norm for the species 
A high rate o f  variab ility  is norm al to guayule, and this variability can be 
preserved only through the sexual propagation o f plants

The predom inating seed propagation in guayule is through apomixis 
which involTO essentially the vegetative propagation o f  the m other-planj 
by means o f  seed. .As this process o f  propagation is dominant in aU 
wrieties o f  ^ay-u le  that have been s tu d ie d -e x c e p t  possibly some o f  the 
highly lo a h z e d  diploid  strains in the State o f  D urango, M e.xieo^this 
upomms has resulted in a high degree o f  uniform ity in isolated popula- 

r “ i; -ru in the period o f  c.^ploitation o f  the wild
ru I  he percentage o f  ru b b er obtained from  gu ajiile  from di.fferent 

areas varied considerably, and shrubs from  certain areas were preferred 
or nulling because o f  the h igher output o f  rubber and the superior 

processing quahtles o f  tlic h igh-yield in g  shrubs.

Differences in S h m b  Q iiality 

The differences in local types o f  shrub were often obscured by varia- 

mill Ti,'- rcciuired to harvest the shrubs and transport them to the 
them Involved rccru iting  ficld-parties to harvest the shrubs, haul 
thi'm to the baling sites, bale them, and finally haul
coulfl T  railroad sid ings where they rerr^iined until they
scorin ^  ’JP ; A ddition al delay resulted from the necessity for
durinp o f  shrubs at the m ill, to provide the raw  material
portati n iight be unfavourable for hars-est or when trans-
n’ansnTr?- !  in terfered with regular receipt o f shrubs. In  periods o f  

^ ‘on delays, the shrubs m ight remain at the railroad siding for 
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sevcrai montlis before they were pickcd up. Periods o f  up to six  months 
between harvest and inillin|; were not iinconininn.

These delays affected adversely the qiialitj- o f  the rubber in the shrubs, 
for even under the best o f  conditions, it was never possible to mill wild 
ihrubs in a fresh condition such as was found to be best for cuhivatccl 
shrubs. T h e qualit)- o f tlic rubber from wild shrubs suffered not only from 
deterioraiton in the rabber itself, but also from  the im possibility of 
obtaining clean separation o f  the rubber from the thoroughly desiccated 
shrub material.

Origin o f  Local Differences in Shrubs

Numerous strain differences have been found in  guayule. Som e o f the 
outstanding o f these differences have been found associated with par­
ticular areas where the strains have become established in nature. The 
semi-isolation, brought about b y  the discontinuous distribution of 
guav-ule in its natural range, has led to strain isolation. A pom ixis, self- 
pollination, and inter-spedfic hybridization, have each contributed to this. 
Powers ( 19 4 ’ ) attributes to mutation a m ajor proportion o f  the specific 
changes occurring in gua>nle in nature. M an y o f  the intergrading char­
acteristics be^reen Paniuniium argcntatum and P. incunum are certainly 
the result o f natural hybridization, as are also som e o f  the intergradations 
between P. argentatum and P. tornentosum and those between P. incanum 
and P. tomtntosum.

Cytological Comparison o f  Local Variatiofis

Owing primarily to the seed-producrion being predom inantly bv apo- 
rmxis, many o f the looil populations o f  guajoile in  nature are remark­
ably umform. In the fall o f 1942, L eR o v  Powers and W . B . McCalliim 
c^Uectcd seeds o f  guayule and mariola {P. incanum) in M exico, ami 
Walter 1 . hederer collected seeds o f  the sam e species in T exas . Bergncr 
{i94()) made a detailed study o f the chrom osomes in the seedlings ob­
tained from these collections and reported:

At Salims there m  5 diploid colicctions (2x =  36 from seeds har­
vested in a moimtamousareii southwest o f JVlapini, Durango, Mexico. There 

“  (3!< =  54 from an individual plant grn«ing
Md- L  I ' ” ’ ’ ’ ! ” ' ™ / ? ” '  ‘ ' ‘P’ ™ '' “ 'If^aion 4255 was obtained,
mercki M Durango. Such cora-
T h r l t  r  f  ' “ 9. 255, and 258 also are triploid-
Jre thm for the Mllecnons at Salinas have 72 chromosomes and 

a n S  l l r  i) -  oame from both natural
C e r s  and M c r Only cj o f the collections made by

''■hich thi crflerf growing within the population from
S n T u t  another from seeds collected near

remammg 6 from Majoma ,u-„„rtheast Zacatecas. The trans-Pec,; area of 
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T « a s  is represented by 3 6 1  collections. O f these collections cytoloeicai 
work hxs been done on only 55 and poUen studies on 4 more. All had 72 ±  
chriraio.wmc.s. Eleven o f the 20 locations in Texas from which seeds were 
collected have been sampled. Thtis far 25 o f M c a iln m ’s commercial strains 
have been found to have 72 ±  chromosomes. They are Nos 38H 40 mo 
402, 404, 4°<>, 4o6F . 4 1 1 .  4 13 . 4 16 , 4 1S , 419 , 426, 42S, 430, 439, ’44a 4 4 1 ’ 
444. 453, 45^  459, 593, and 735-2 and a M eacan strain (42478 in Powers’s 
collecnons). Thus far no pentaploid or hexaploid natural stands or commercial 
strains have been found. Higher chromosome numbers have been limited to 
certain individuals in triploid and tetraploid populations and strains and to 
their offspring. ’

Durango Strains o f  Guayule

Collections from  the State o f  D uran go, M exico, have consistently been 
outstandmg m  vigour and  rubber production. Powers’s extensive collec­
tions had a high proportion o f  d iploid  and triploid num bers from  this area 

The diploid guayule is fu lly  sexual and am phim ixis is its predominating 
method o f seed form ation. T h e  triploid guayule is more highly apomictic 
in general than an y other group o f  guayule; accordingly, this area o f 
Mexico is favoured as a  source o f  superior germ -plasm  from  the free- 
breeding diploids that keep developing and distributing variabilitv, and 
for the highly apom ictic trip loids that store the accumulated variability.

Records are not available to determ ine whether the ‘charcoal rot’ 
caused by SckroUum hdtalkola. occurs in  the State o f D urango, M exico, 
although certain strains o f  guayule from  that area are highly resistant 
to the disease. N orton  (19 53 )  and N orton &  Frank (19 53) showed that 
uiis disease is a lim iting factor in  the growth o f  guajTtle in Texas, where it 
is highly parasitic and is  prevalent in  san dy soil— particularly during 
periods o f  drought. W hereas gtiaj^ule is resistant to drought it is prone 
to charcoal rot, standard varieties such as 593 being particularly suscep- 
nble. H owever, w hen strain 593 is crossed with the resistant Durango 
straias, both the rate o f  grow th and the resistance o f  charcoal rot are 
greatly increased in the resu ltin g  progeny.

C y t o l o g y  a n d  G e n e tic s  

The Development o f  the F hirer

The ‘ flower’ o f  guayule (F ig . 4) consists o f  a head with five ray 
rets and num erous d isk florets. T e n  o f  these disk florets have a special 

eationship to the ray florets, though tiiey do not differ structurally 
tnTh o f  the d isk portion o f  the head— except for their attachment

e base o f  the achene. T h ese  d isk florets remain attached to the achenc 
en It IS shed, and form  a part o f  the seed com plex. T h e  ray florcLs 

flo!- unisexual, having no rem nants o f  stamens. T h e disk
 ̂ nowever, possess abortive pistils together with fertile stamens.
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The maturation o f  the flow ers starts with the outer disk florets and then 
prncccds successively inw ard. T h e  stigm as o f  the ray florets are receptive 
as soon as the stigm a lobes begin to unfold. 

polimaimo/Guayu/e
Gardner ( i 94<̂ , 194?) sm died  the natural pollination o f  guayule and 

found that, in addition to wind pollination, large num bers o f insects could 
be dctccted carrying pollen. L ad yb ird  beetles and lygus bugs were ob­
served, in particular, as carrying  pollen in abundance. A  sp e c ie  o f  fruit- 
fly was responsible for an increased seed-set in one lot o f  cages put up to 
determine the possib ility  o f  using  insects for controlled pollination. In  
other cases, none o f  the insects tried were effective in  obtaining a satis­
factory set o f  seed, and G ard n er decided that the use o f  insects to avoid 
the tedious hand-pollination w as not prom ising.

Controlled pollination in guayule is a slow, tedious operation. T h e  
flowers are sm all and em asculation is  slow. A s compared with the pol­
lination o f  Hevea, how ever, the resuhs are rewarding, as a  high percen­
tage o f success m ay be expected. In  natural diploids, incompatibility 
of the individual plants to their ow n pollen obviates the necessity for 
emasculation, and this sam e factor can be taken advantage o f in other 
cases where in com patib ility  has been demonstrated. Othen\’ise, it is 
necessary to rem ove the d isk florets in perform ing the hand pollination. 

The Need fo r  P lant Improvement
The breeding o f  guayule is prim arily  for the purpose o f  increasing the 

yield o f rubber per acre. H ow ever, in m oving tow ard that end, there are 
odier things that m ust be considered. T h e  high cost o f  irrigation in Cali­
fornia has forced those interested  in the culture o f  guayule to recogni2e 
the necessity fo r dry-land  production. Strains o f  guayule that accumulate 
satisfactory percentages o f  rubber under the cool coastal climate o f regions 
best suited to guayule in  C alifo rn ia, often do not thrive and accumulate 
rubber satisfactorily either under irrigation  or under dry-land farm ing in 
the inland valleys o f  C alifo rn ia  or the arid plains o f south-west Texas. 
In some cases, it is inadequate grow th that restricts rubber accum ulation; 
in others, growth is adequate but the rate o f  rubber formation is slow. 
Some selections show good grow th and rubber accumulation in the first 
)ear but thereafter the rate o f  rubber accum ulation in them does not 
keep up with their grow th.

13och in Californ ia and in T e x a s , several serious diseases were en­
countered in nursery^ plantings as well as in  the field. Varietal differences 
''ere observed in guayule with regard  to its resistance or tolerance to 
these diseases and, in  at least one instance, G erstel (1950) developed a 
strong presumption o f  a  relationship between the occurrence o f  Verti- 

ium̂  wilt and the chrom osom e num ber o f the strain. G erstel showed 
diploids were v e ry  susceptible to the disease but that triploids and 

tctraploids w ere p ro gressively m ore resistant.



In ecncral guavulc has a rather narrow range o f  to lm n c e  to climatic 
changes As pointed out previously, it has difficulty m stir;yiving rf normal 
winter temperatures arc below s.raic IS 'I '’ , " ' “V occur
at temperatures below 5 T .  In  the T exas area where guayu e is native, 
winter temperatures as low as ^ - f F .  have been recorded, and ,t is 
probable that suitable factors a n  be found in  guaj-ule to form  a basis for 
breeding cold-tderm t varieties that m ight greatly extend the range of 
adaptabiliti-. Cold tolerance in  planting m aterial m ight also be obtained 
by interspecific hybridization.

The Jim s o f  Plant ImpT(rc-emcnt
Plant improvement in guaju le  thus falls into several categories;
1. Improvement in the germination and initial gro^^th o f  guayule 

seedlings so as to be able to plant the seeds directly in  the field rather than 
having to plant them in  the nurser>' and then transplant the resultant 
seedlings in the field. T h is is already possible where there is adequate 
irrigation, but ha.s not become a standard practice. I t  w ould not be prac­
ticable without irrigation.

2. A n  increase in the )^elds per acre, both b y  increasing the size of 
the plants and by breeding plants with higher concentrations o f  rubber.

3. An increase in the rate o f  rubber form ation in  the early years of 
growth, in order to decrease the time from  planting to harvest.

4. An increase in the rate o f  rubber form ation under hot, arid condi­
tions. G u aw le  is native to the high plateau o f  north-central M exico and 
produces most rubber under the coastal climatic conditions o f  California. 
Y ields in T exas have not been satisfactory in some cases, but ccriain 
strains do give adequate yields under arid conditions.

5. A n increase in tl^e cold tolerance o f guayule, so that the limits of 
the ‘^ } - u l e  belt’ can be extended farther north and increased acreage of 
marginal land can be made to yield a useful crop.

6. A n  increase in the ability o f guayule to produce rubber under 

somewhat higher rainfall conditions than at present. In  the m ost southi-Tly 

tip o f Texas,^ the rainfall is greater than it is to the west in the so-callcd 
gua\-ule belt’ . T h e growth o f guaj-ule under the h igher rainfall is  much 

better than under drier conditions, but the rate o f  rubber formation is 
low and the yields o f rubber are unsatisfactory.

7. h n  increase in the resistance o f  guayule to diseases that limit the 
production o f nursery stock and seriously interfere with the shipment of 
nurser>' stock.

_ 8. ^  increase in the resistance o f guayule to diseases that interfere 
with the growth o f  the plants in the field.' Strains resistant to charcoal 
rot Texas root-rot, and VerticilUum w ilt, have been found. W ith the high 

(see p. 118 ) , sclccticm having higher 
resistance to these and to other diseases such .is D iphdm  dieback, southern
'Mit, etc., may be expected.



Cytogenetics in Plant Improvevient

The c)'togcneticist is a key man in plant im provem ent in gu ajiile . A ll 
breeding operations are facilitated b y  recognition and use o f the chromo­
some relationships. Sexu ality  is a necessity in prim ary crosses but, even 
in tlicsc crosses, fertilization m ay not result in pairing o f  chromosomes 
but may involve adding o f  chrom osomes to give a combination not 
previously known to exist. T ysd a l (19 50 ) outlined the modes o f repro­
duction possible in a 72-chrom osom e guayulc plant (T ab le V).

T ,\ B 1.E  V

DIFFERE.NT MODES OF REPRODUCTION OF ONE 72-CHl{0 .\10S0 .\ffi GUAVTJLE 
PL.MST *

N u m b e r o f  ciiroinosom es of:
Parent Progeny

Non-reduction Reduction
Not Not

fertilized fertilizt-d fertilized fertilized
72 7= 90 36 54

(108) (72)

•  F rom  T ysda l (1950 ).

AH o f the types o f  reproduction outlined above have been found. 
While the 73-chrom osom e guayule is h ighly apom iciic, the varieties 
studied have been found to have from  5 to 20 per cent o f what Tysdal 
tom s ‘aberrants’ that can produce viable seed by the last three methods 
indicated in the table. A  small percentage o f  unreduced eggs m ay be 
fertilized with either iS -  or 36-chrom osom e pollen, depending upon the 
male parent, g iving go- or io8-chrom osom e progeny. Such high chromo­
some dcrivaiives reproduce apom ictically and thus breed true. I f  reduc­
tion occurs and the reduced eggs are not fertilized, 36-chromosome 
offspring result, which are polyhaploids rather than diploids, and whose 
mode o f reproduction is by apom ixis, as is characteristic o f the other poly- 
pioids. I f  the gam ete from  the reduction division is fertihzed with 18 - 
OT 36-chromosome pollen, a hybrid  results having 54 or 72 chromosomes, 

plants are facultative aponiicts. T h e  plant breeder is interested in 
o f  reproduction illustrated above, including the reduced 

3&-chromosonic group or polyhaploids.
In the above instance, the 72-chrom osom e plant was chosen to

* lu.strate the range o f  variation possible in the cytogenetic com plex o f 
g^ayule and not to indicate any superiorit\- o f  72-chrom osom e plants as 

starting point for a breeding program m e. T h e  basic building block 
or the genetic im provem ent o f  guayule is the 36-chrom osom e sexua) 
.’pe, the true diploid. N ext in im portance is the sexual faction o f  the 72- 

i’om(jsome strains. F ro m  these two basic t\'pes, a great variet>- o f 
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chromosome combinadons can be obtained and w hen ^  end-point is 
reached in any line o f breeding, the accum ulated chararters can be set 
by inlTtjducinc: known factors for apom m s. r>-sdal (19 50) states.

’ It will be noted tbit faotJ; sexual and apomicric hybrids can obtained at will;
thus, in this SFcics ''C  prucdcally achieve the goal that was set by 
Qausen. Keck, &  Hiesey {1947) ' '  hen they wrote. It would indeed be of 
considerable practical and theoretical importance were we able to break the 
apomictic bond, periodicallv releasing the variability', and then seal it up 
awin after a period o f recombination.’ Indeed, while the possibiim’ o f such a 
proCTam is being approached in several species, particularly the grasses, 
as shox̂ -n by N m en  {1949) Calamagrosm purpurea, and m Poa by the 
above three workers, the author is unaware o f a situation which lends itself 
so readily to the wishes o f the plant breeder.

Inherilance o f  Apomixis
Gerstei &  Mlshanec (1950) made a study o f  the inheritance o f apo- 

mijiis in guajTile, using a proved diploid and a proved polyhaploid as 
parent plants. T h ey summarized dieir findings as fo llow s:

1. In feral gua\-ufe the diploids ( 2 n = 3 6 )  reproduce sexually, but 
polyploids are facultative apomicts. A  fertile polyhaploid with the diploid 
number of chromosomes, but facultati\-ely apomictic in its reproduction, 
was crossed with a diploid. I f  the polyhaploid was used as a female, the 
following progeny classes resulted: maternals, diploid F i, triploids, and plants 
with higher chromosome numbcio (doubtful cases).

2. The reciprocal cross, sexual diploid X  polyhaploid, produced only 
diploid F i plants. Diploid F j from both types o f crosses were almost entirely 
sexual; an exceptional unreduced egg was produced in one instance. Produc- 
iton of F j and B i generations was impaired by incompatibility (not sterility) 
among F j sibs and betv,-een them and their recessive parent.

3. Triploids from the cross apomictic polyhaploid X  sexual diploid were 
facul^ive apomicts.

4. Tetraploids produced by artificially doubling the chromosome number 
of diploids reproduced sexually on the whole—one exceptional maternal 
plant in the progeny may have arisen either by selling or by apomixis.

S- It is concluded that the genes for apomixis arc rccessive but that 
dominance is reversed where two apomictic genomes combine with one 
sexual one. While apomixis, on the whole, is determined by the genotype, 
chromosome numbers may have modifying quantitative effects.

Inierspecijic Hybridization

Interspecific hybridization h is assumed increasing im portance in the 
improvement o f guayule. T h e most important o f the interspecific hybrids 
are those between Parthenium argentutum and P. tomentosum var. stra- 

(Plate 16(a)). T h is hybrid was reported on b y  T y sd a l (1950) and 
y Jv-sdal &  Rands (1953). These authors cited the non-guayule parent 

^  P. itra m m im ,  but Rollins (1950) described it as a variant o f  P. umtcn- 
tosum. 1 he guayuie-s/r^imrwm hybrids are extrem ely vigorous and have 
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also shown a degree n f resistance to disease. T h e  rubber percentage how- 
e>-er, has been som ew liat low er than that o f  the better guayule selections. 
The calculated yields are higher than those o f  the better guayule strains 
bur the larger quantity o f  shrub  m aterial that must be handled to obtain 
an equal amount o f rubber is a d istinct disadvantage in processing.

Powers &  Rollins ( 19 4 5) and R ollin s (1945) studied the hybridization 
of/*, urgentatnm and P . incanum, and R ollins {1946) rcported’on hybridi­
zation studies using P. argentatum, P. incanum, P. tomentosum, and P. 
hysterophorus. T h e  success o f  interspecific hybridization has been demon- 
siratcd as a means o f  obtain ing genes for vigour and for disease resistance. 
These and other characters, such as cold tolerance, m ight well be greatly 
increased through m ore extensive hybridization.

The T y d a l CUssiJica-tion o f  Breeding Lines

The introduction o f  stramonium  b lood-lines into the guayule breeding 
programme gave the resultin g plants both vigour and a high degree o f 
resistance to certain o f  the diseases that lim it the growth o f guajule. It 
was necessary to in tensify both characters and at the same time recapture 
the high level o f  rubber concentration o f  the high->nelding gua>-ule 
parentage. T h e wealth o f  variation available in guayule, and in the closely 
related species o f  Parthenium  that hybrid ize readily with gua>'ule, presents 
a highly encouraging picture fo r eventual success. T h ere  are a m p iad  
criss-crossing paths to be fo llow ed , i f  all possibilities are to be explored. 
To systematize the breed ing operations and orientate the most promising 
lines within the total possib le lines, T y sd a l, as reported bv T ysdal &  
Rands (1953), developed a code fo r the classification o f guayule crosses. 
His code involved, first, the classification o f  the possible crosses as fo llow s:

A. Guayule crosses, all t)^ e s  in vo lvin g  only guav-ule.
B. F i interspecific hybrids.
C. Fg interspecific hybrids.

f 'l  X  (both interspecific cro sses; i.e. B  X B).
1̂ - B C j (interspecific— species X F j  and its reciprocal F j X species).
F . B C . (interspecific— species x  B Q  and reciprocal B Q  x  species).
G. B Q  X (interspecific).
H. BC... : F i  (interspecific).
!■ B Q  B Q  (interspecific).
J- B Q  X B Q  (interspecific).
L . Guav-ule x  ( F j  x  F^) (interspecific).

M ^  (interspecific).
R r  ' '  ^  (interspecific).

• Crosses in volving three or m ore species.
M iscellaneous (any pairing not ascribable to another specified 

classification).
■ X  species ( B Q  crossed to non-recurring parent).



Tvsdnl set up a series o f sub-groups under each o f  the above classi- 
T h e s e  sub-sroups were based on separating the plants m each 

« e T o “  mto t^•pes based on chromosome num ber and do.tt.nant method 
3  «ptoduerion (sexual or apomict). T h e  first set.es o l su b -p o u p s «etc 
b ,ed  on the designation o f crosses bet^veen four tj'pes o f  plants, sexual 
,L h ro m o so m e  plants and apomictic 54' .  7^-, and 90-chromosome 
plants, in all poss.l,le pairings. T h u s sub-groups ,  to 4 designated crosses 
o f each o f the above tj-pes (in the same respect.ve order) w .th  36-chr„m<,- 
some sexual plants. Su b ijro u p s 5 »  8 de^gnated crosses o f  each o f the 
four t '̂pes K ith 5+-ehromosoine apomicts. Sub-groups 9 to .2  de.s,gnated 
crosses o f each o f the four types w ith  72-chrom osom e plants, and sub- 
eroups 13  ro i6  designated crosses o f  each o f  the four U^^es o f  plants ^vith 
Lch ro m o so m e apomicts. Sub-groups 1 7  to 20 ^vere to designate crosses 
bet^seen each o f ihe four tvpes o f plants (in the same order) when crossed 
with 36-chromosome apomicts. Sub-group 2 1  was fur 36-chromosome 
apomicts crossed with 36-chromosome apomicts. Su b-grou p  22 desig­
nated c r o ^  involving 54-chromosome sexual plants; and sub-group
23 designated cr(^ e s  involving 74-chromosom e sexual plants. N ot all, 
nor e%'en a large percentage o f  these possible pairings, could be accom­
plished in any particular breeding project; but the m ain classification and 
sub-grouping were designed to aid in determining the m ost fru itfu l lines 

o f breeding.

Popuktion Size in Breeding Guayule
I f  all o f the crosses outlined above were m ade, a  single series would 

involve a minimum o f 736 dilFerent t\'pes o f  crosses. Combinations 
between the different classifications would provide an alm ost unlimited 
number o f crosses. In  a comprehensive breeding program m e, it would be 
necessar)' to explore the full range o f  possible com binations to attain the 
maximum concentration o f superior qualities in the available germ-plasm 
o f guayule. However, l y s d a l ’s investigations o f  crosses already made «ith 

respect to their place in the over-all classification, brought the rather 
surprising discover}' that the number o f progenv studied vsas more ini- 

pfirtant in many esses than the class o f h yb rid i^ tio n  involved, and that 
it Vf V- more important to make and study large populations than to create 
:v large number o f diverse lines.

The Sta im  ofG uayuk Breeding

Important steps were taken during the war in  the i m p r o v e m e n t  of 
g u au i/j, the basic principles o f guayule breeding being worked nut under 
the leadership o f L eR o y Powers. Since the w ar, the w ork has been con- 
ri:=aed (m a greatly reduced scale. Substantial advances have been made, 
though the best general-purpose strain is still N o. 593, which had been 
^ e lo p e d  by selection from wild strains bv \Vm. B . M cC allum  *'f the 
Interwntjncm al Rubber Company before the U nited States G o v e r n m e n t  
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tcH)k ov'cr the work in  19 4 2. T y sd a i’ s  findings would tend to indicate 
that the cream o f  the initial im provem ent has not yet been obtained.

BlOLOCiY AND AuTECOLOGY 

The Root System o f  the Cultivated Plant

The root system  o f  guayule has been described in connection with the 
discussion o f the plant in nature. M uller (1946) has shown that the root 
of cultivated guayule m ay penetrate as far as 20  ft. into the soil. Guayule 
grows particularly w ell fo llow ing a deep-rooted plant such as alfalfa, 
and many crops show  exceptional response when following guayule. T h e 
leaves o f guayule, being rich  in  nitrogen, m ay be responsible for some 
increase in fertility, and indeed have been used advantageously as fertil­
izer. It is highly probable that the deep rooting o f  guayule is' primarily 
responsible for the favourable response o f  subsequent crops.

In  nature, guayule is  rcsticted  to the shallow soil o f  the limestone 
ridges, and the outstanding root developm ent under these conditions is 
lateral and such that all the surroundin g soil will be occupied b y  the 
guavTjle. U n der cultivation, the com petition o f  other plants is kept to a 
minimum and guayule does best on soils that permit deep penetration. 
Lateral spread o f  the roots is lim ited by the guayule plants in the same or 
adjacent rows o f  the planting. T h e  root prohles found by M uller are thus 
largely straight dow'n— except where clay or hard-pan layers force lateral 
development.

Rate o f  Root Growth in Seedlings

Root developm ent in  you n g seedlings is quite rapid. B y  the time the 
seedlings form  their first true leaves and shed their coty ledons, about the 
third week after germ ination, the young roots wiW have penetrated as much 
as 8 in. into the soil. A t that time, the roots have begun to branch and 
send out feeder roots, and durin g  the next few  weeks the roots branch 
and increase in size and num ber without lengthening materially. T h ey 
develop greatly, both in length and am ount, as the aerial portion o f  the 
plant starts to grow . Tw o-m on th -o ld  seedlings m ay have pushed their 
roots down as m uch as iS  in. to 3 ft. W ithin the second month, the 
dominant tap-root o f  the seedling gives w ay to a branched, fibrous mass. 
This is an im portant fact, as it is apparent that the root shortening and 
pruning necessitated in transplanting seedlings to the field does not result 
m a materially different root-structure than that o f  the seedling itself. 
Surprisingly, M u lle r’s  illustrations show a longer survival o f the tap-root 
•n transplanted seedlings than in the seedling plantings that were not 
tra n sp la n te d .

Gromh o f  Transplanted Seedlings 
Root developm ent o f  a transplan t is rclativelv greater and more rapid 

that o f  the untransplanted seedling. \\'ithin t\vo months after 
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transpLintiiT’- the pUnl develops a heavy mass o f tibruus roots and a much 
larL'cr aerial pan  than that o f a comparable undisturbed seedling, A t that 
time, the transphm may be starting to Howcr it conditions are favourable,

Soil Profile- in ReUtiun to Rmit Groanh
Root ticvelopmenr after the first couple o f  m onths depends to a large 

extent on the character o f the underlying soil. M uller {19 46) shows roots 
that penetrated to a depth o f over 8 ft. in  t\vent>'-eight w eeks at Salinas, 
California, irrigated plants that had penetrated 5 ft. in t̂ \’0 years, and 
plants adjacent to the latter but ^ o w n  without irrigation that had 
penetrated only 3 ft. (though a scattering o f  roots had penetrated to 4 ft.).

l l i e  greatest hazard to root penetration is the presence o f  c lay or other 
dense layers in the soil. When the root reaches one o f  these layers, elonga­
tion is retarded or stopped and the root spreads laterally. T h e  extent of 
this horizontal groflth is related directly to the character o f  the obstructing 
layer. IT ie roots occupy the entire soil structure above a thick, heavj- 
la\-er that prevents further penetration o f the roots, and it is as though the 
plant were pot-bound. In  deep sand the roots are inclined to penetrate 
deeply and even the lateraLs grow  vertically, often not leaving the root- 
mass but growing close together to form a long, h e a w , rope-like structure.

Plant Competition in Relation to Root Growth

Lateral sprcsid o f  the roots o f guayule is controlled largely b y  competi­
tion. In  cultivation, this competition comes largely from  guaxTjle plants 
in a well-tended field. Furthermore, grasses and other w eeds m ay ser­
iously affect tiie groAvth o f the guayule roots and also control their t>’pe 
o f growth, and it is often difficult to make a succession o f  guayule plantings 
in a single plot because o f  the lateral spread o f  the roots from  the planted 
row^ into the rows reserved for later planting (Plate i6(^)). I f  there is an 
appreciable time bet\^een plantings, the succeeding plantings n u y be 
seriously retarded by the root-competition o f  the prior planting.

In nap-ire, guayule is uruble to compete w ith other plants for the 
deeper soil and is thus confined to areas where other plants cannot survive. 
In  these areas, the established guajiile  itse lf is the ch ie f restricting force 
against further mcrease in the guayule population. A t  seeding time, 
thousands o f tmy seeds lodge in the accumulated hum us at the base o f the 
mother-plant. When the rams come, this protected spot catches the rain 
and the seeds y e  able to germinate. T h e  m other-plant, however, has 
alrea^dy occupied all o f  the available soil within reach o f  its roots. Though 
hundreds o f young plants have been observed around the bases o f old

A  "  « “ blished until after the
death o f the parent plant.

Growth-rate o f  Aerial Portion

P cnt o f the seedhng. Throughout this period, the aerial portion
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of the plant develops v ery  slow ly. In  the nursery or under cultivation in 
the field, the growth o f  the young plant can be forced; but the normal 
development depends on the establishm ent o f  a substantial root system 
before the aerial portion o f  the plant initiates active elongation. In  nature 
or under dryland culture, the active grow th o f  the plant is limited to a 
short period after rains w hen there is adequate ground moisture, yet 
growth can continue for considerable periods when the moisture level 
is substandard for m any crops.

Under dryland cultivation, it takes from  three to five years for a 
guayule plant to attain a sufficient size for harvest. B y  the end o f the 
third growing-season, guayule plants in 28 in, rows will usually have 
closed in to present a  solid planting. T hereafter, damage occurs when the 
plants are cultivated and, b y  the end o f  five years in the field, the plants 
should have reached an adequate size fo r harvest. A fter that time, plant 
powth is slowed dow n som ew hat; but the accumulation o f  rubber con­
tinues for several years, and unharvested g u a jiile  can be left in the field 
for up to t\\-enty or more years w ith no decrease in rubber.

Growth-rute in Relation to Temperature

The native habitat o f  guayule is a  com paratively high plateau region ' 
vnth a wide diurnal fluctuation in tem perature. In  the growing-season, the 
day-time tem perattires range from  70 ° to io o °F . and the night temperatures 
var}- from 40° to 6 5 °? .  T em p eratu res dow n to freezing m ay occur after 
die s& rt o f the grow ing-season in  late February' and near the d ose  o f the 
growing-season in N ovem ber.

Under cultivation in the U n ited  States, ^ a v u lc  thrives both under the 
coo! coastal climate and in the hot inland valleys o f  California and south­
west Texas. E xtrem es o f  heat during the growing-season, or o f drops in 
teraperature durin g  cool nights, have not seriously affected erowth o f 
guaj-ulc, which has show n a ver}’’ w ide tolerance to variations in tempera­
ture. Growth is suspended w hen freezing night temperatures begin, and 
continues suspended until day  tem peratures in excess o f  some 7 0 T .  arc 
^gani the rule, though active grow th is dependent on adequate rains or 
accumulated soil m oisture. In  the absence o f  adequate soil moisture, the 
plants remain dorm ant and can  resist long drought periods without 
injury. W arm periods durin g  the w inter in T exas m ay encourage new 
powth that m ay then su ffer in subsequent freezes. G uayule ’s quick 
response to w arm  w eather in  the presence o f  adequate ground moisture 
fnakc.s it particularly su b jcct to w inter damage under such conditions.

Oromih-rute in Relation to Moisture

Guayule is adapted to su rvival under desert conditions with a minimum 
precipitation in the natural range o f guayule are 

mattered and not reliable. T h e y  indicate that, in m any areas, annual 
®   ̂ rates o f  less than  ten inches are not uncom m on. H owever,
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m ifo rn ilvaw i nights and moist a.r from  the D ,rd .lle ras m i e  for heavy 
d « s  dtinit* the a "d  these m ay e ffa ftv e ly  m crca^  the
available moKture without rcgistcnng m  the ran -gau ges,

LiuJer cultivation, guajn lc responds to differences m  m oisture more 
ouiddv than tr. anv other influence, and the gronth  that is  expected under 
drTto'd conditioM in fe e  vears can be obtained in three years under 
irrigation. Harvest can be hastened even m ore, but tw o-year harvest is 
definitely at the eipensc o f  the yield o f rubber. W ithout im gatio n , gua\Tik 
gives adequate grom h in areas with from  15  to ao  in . o f  rainfall, but gives 
rven benirr growth where the rate o f  rainfall is from  20 to 3c  in. 
In the latter case, however, the e it ta  growth is obtained at the expense 
o f rubber accumulation. W ith higher rates o f  rainfall, d iseaK  enters the 
picture to restrict the growth o f  guaviik . U n der irrigation, it is possible 
to balancc growth-rate and rubber accum ulation, b u t such control has 
BOt been possible in areas w here the increased m oisture is obtained from 

riinfall.

Crawth-rate and Flowering
Gua\'ule flowers at an early age and can be expected to produce seed 

in the first scsison o f growth. Seed production in the first year Ls ver\' 
small, amounting usually to less than lo  lb. per acre even under the best 
o f care.

In the second and subsequent years, yields o f  from  30 to 50 ib. o f seed 
per acrc <an be obtained i f  growth is forced. Seed production is related 
d irca ly  to the size o f the plant and its conditions o f  grow th. T h e  larger 
the plant, the more seed-heads are formed and the higher the yield  o f seed. 
Seeds i^oduced on nurser>' or first-year plants are usually  normal and 
viable, though under poor conditions o f  growth there m ay be an excessive 
p rc^ rtio n  o f  undeveloped seeds and thus the germ ination rate may be 
reduced.

Flowering in Relation to Temperature and Moisture

^ arialions in temperature, within the general range o f  temperatures 
usuallj' experienced in the growing-season, have relatively little e^fect on 
the grov»,th-rate o f gua>-ule. M oisture, on the other hand, is a controUing 
factor. A s the flowering o f  guayule is directly related to the rate o f  groN\th, 
the rate o f flowering and seed production can be controlled b y  irrigation 
to fOTce the grov^th o f the plants. A t Salinas, Q lifo m ia , it was possible 
D> controlled irrigation to force tliree separate flo^vering-cvclcs o f  gua\'ule 
m a sij^ le  growmg-sca.son. A fter an early irrigation, w ater was with- 
held until flowers had formed and seeding and seed harvest were over, 
I he ^ ^ -u le  plants were then given a second irrigation, which forced a 

^ o n d  nowering and seeding. T h e  seeds were harvested and a third 

>>y a third seed-crop. T h is  regim e of 
irrigation was based on the withholding o f the w ater for seed ripening

130



anti han’cst, and thus d ilfered  from  a normal regim e o f  irrigation to 
force maximum grow th o f  the plants.

R.uhbtT Aaumuhftion in Relation to Crowth-rate

The rubber content o f  a guayule plant is a function o f  the size o f the 
plant and o f  the percentage o f  rubber in the plant’s tissues. I t  is nccessar>- 
to produce large plants w ith  high percentages o f  rubber to obtain m axi- 
mum yields, although, unlike flow ering and seed production, rubber ac­
cumulation does not proceed rap id ly  w hen the plant’s  growth is most rapid.

In this context, it Is necessary to differentiate between rubber formation 
and rubber accum ulation. T h e  rubber contcnt is a  measure o f the total 
rubber in a plant at any g iven tim e, being a measure o f  the amount o f 
rubber that the plant has accum ulated. I f  rubber is a stable end-product 
that is not thereafter broken down into sim pler products to be re-used 
by the plant, the term s ‘ rubber formation* and ‘ rubber accumulation’ 
are synonymous. T h e re  is strong evidence that this is true but there is 
still a reasonable degree o f  doubt about the matter.

Spence &  M cC allu m  (19 35 )  reported that the amount o f rubber in a 
guayule plant decreased d u rin g  a period o f  active growth in pure-sand 
culture without nutrients, and they concluded that the rubber had been 
used as a food reser\-e. In  carefu lly  controlled tests, T rau b  (1946) and 
Benedict {1949) dem onstrated that, under great stress, the carbohydrate 
reserves o f  guayule Mere depleted, but that there was no reduction in 
die rubber content. Both  these later authors concluded that rubber did 
not ser\^ as a food reser\e  in guavule.

Benedict (19 50) attem pted to determ ine, under controlled conditions 
in the greeuhouse, the environm ental factors that alfect the formation o f 
rubber in guayule. H is tests in volved variations in light-intcnsit>', tem­
perature, soil m oisture, and available nitrogen. H e found that low light- 
intensit)' invariably resulted  in a low  rate o f rubber formation. O f the 
other factors he stated :

^\ith one or two notable exceptions, any variation in soil moisture, available 
nitrogen, and temperature which resulted in lower clry-weight also resulted 
in hjgher percentage composition o f le\'ulins, resins, and rubber. . . . One 
notable exception to the general obser\ation that plants with lower dr>- 
^■eighis had a higher percentage than those with the great dr} -w eights was 
found m the sand-culture series. Plants grown at 6o 'F . had a lower weight 

an those grown at 75'' R ,  but they also had a lower resin and rubber content.
R other words, the plants on high temperature showed both a greater dr>'- 

^'cight and a greater percentage o f  rubber than those grow n at the low level.

g  another test, perform ed under field conditions at Salinas, California, 
Ston rem oved the flow cr-heads from  guayule plants as they

the rate o f  rubber form ation in the plants 
•>11/. allow ed to fru it w as m uch greater than in  those that were

''ed  to flower and fru it norm ally.



T, i, TOOarcnt that rhc general relationship betvieen g ro w lh -ra c  and 
It i> .‘PP“  .^cumulation holds true under m ost held cond.tiam. : 

f  T .  h f d e l “ . r ™ f n t h c r  clcarlv that grow th u.id rubber ,c- ;
" o n  are not in triu sW ly  opposed. N o  method o f  cultural control ; 

has been dc-.-ised to take advantage o f tins fact. j

Rhythm m Rubber P radK tm
It has been demonstrated that the gro^'th-J-atc o f  guajTtlc can be 

increased bv the controlled use o f irrigation. A dded  nutrients and other 
I d  cultural practices can also be used to increase the i^omh-rato, 
D urin^the period o f active gro>vth, the rate o f  rubber accu rauku on  is a u  
minimum, k e n  the active growth o f  the p lant .s  slow ed b y  drought, ; 
cold weather, or other stress conditions, the rate o f  accum ulation o f rubber : 
is prearlv increased. From  this, it has been argued that a rhythm ic regime i 
o f rubber production could be developed under which the plant would be 
forced into active gro>«h to form the rubber storage cells. T h e n  the growdi 
would be brought to a  halt by suitable cultural adjustm ents to encourage ] 
the formation o f rubber in the newly-formed phloem  cells, and the plant 
would later be forced into active growth again for the form ation o f addi- , 

tional storage cells.
Benedict el al. (1947) studied the response o f  guayuie to alternatmg 

periods o f low and high moisture-stress under greenhouse conditions. 
They rarapared rubber accumulation in  (<2) plants grow n continuously 
with abundant water (low moisture-sfTcss), (t)  plants grow n with two- 
month alternations o f low and high m oisture-stress, (tr) plants grown widi 
four-month alternations o f low and high m oisture-stress, and (d) plants 
grown for ten months under low m oisture^tress and fou r m onths under 
high moisture^tress. T h e experiment was designed fo r sixteen months 
but had to be terminated at the end o f fourteen months. U n der the con­
ditions o f the experiment, the four-month alternation produced the highest 
concentration o f rubber. T h e  t\vo-month alternation w as too short. 
The guayuie that was given ten months o f low  m oisture-stress followed 
by four months o f high moisture-stress accum ulated on ly  a  little more 
rubber than that grown with low moisture-stress throughout. Unforeseen 
seasonal factors and the premature termination o f  the test complicated 
the interpretation o f ihe resuhs, but the possibility o f  the control o f rubber 
formation by differential irrigation was demonstrated.

M o r p h o lo g y  a n d  A n a to m y  in  RzLftTiON t o  R u b b e r  FoR^UTIO N 

Origm mid Storage o f  Rubber

The occurrence o f rubber and its centres o f  distributiim  in the various 
pknt organs o f guayuk have been described in detail by R o ss (1908), 

oyd (u )u )  and Artschwagcr (1943). Rubber is found in a ll parts o f the 
pianc, bm only the stem and root have sufficient quantities to be of



economic interest. In  these parts, the g u a ji ik  plant is, with but one or w-o 
too'vn csceptions, the m ost efBciem  natural stockpiler o f  rubber in the 
plint kingilora. O n ly Uevea has been sh o r n  to be more efficient in  time 
(.mnual basis), and ! l m a  needs help from  the tapper in that it must have 
Ihc rubber rem oved before it will make more. O n ly the tau-saghyz rubber 
pIjM, ScarzDiiera tau-saghyz, has been reported to rival guayule in rich­
ness o f rubber accum ulation; but the storage space in  tau-saghyz is 
e.’ctremely limited com pared with that o f guayule.

The rubber is found p rincipally  in  the bark o f  the roots and stems o f 
gnayole. Artschwager says:

Generally speaking, in plants o f harvest size the vascular ra>-s o f [he phloem 
and, to a lesser extent, those o f the xylem contain by far the largest amount of 
rubber. Smaller quantities are found in jacketing cells o f the resin canals 
ind rather insignificant quantities in the pith, primar)- cortex, and lylem’ 
patcnehyma. The active sieve-tubc tissue contains practically no rubber. 
The latter, though perhaps o f some debatable significance in the economy o f 
the plant, would have no value as stored rubber since the active phloem 
becomes in part obliterated, and in part displaced, by sclerenchymatous 
tissue.

.\rtschwagcr states that, in youn g plants, the most rubber is found in 
the primary cortex, pith, and vascular rays as well as in the parenchy­
matous jacket o f  the prim ary  resin-canals. In  young, actively R ow in g  
stems, rubber appears first in  the epithelial cells o f  the prim ary cortical 
and-pith canals, but is m uch m ore conspicuous in the secreting layer 
of the newly-formed secon dary canals. In  old roots and stems that are 
composed m ostly o f  secondary tissues, rubber secretion is related to the 
age o f the cells from  their form ation b y  the cam bium . A s  rubber normally 
appears first in older cclls, except fu r the epithelium  o f  the resin fin a ls, 
the direction o f  rubber appearance is tow ards the centre o f  tlie stem in 
tlie phloem, and outw ards in the vascu lar rays o f  the wood. T h e  younger 
ceils close to the grow ing axis o f  the plant contain less rubber than the 
basal ceils.

0 . F . Curtis (19 47) d ivided  guayule plants o f  various ages into separate 
pans and analysed sam ples to lin d which parts o f  the plants contained 
sigmficant quantities o f  rubber. T a b le  V I has been com piled from  his data 
'■'ith the object o f  com paring the rubber content o f  various parts o f  one-, ’ 

n ine-year-old  plants. In  general, both the percentage o f 
her and the w eight o f  rubber in the various parts o f  the guajoile plant 

crease with the age o f  the plant. I t  w ill be noted that, in the stems from 
grow th (second year stem s in two-year-old plants, 
three-year-old  plants, and ninth year stem s in nine- 

in th percentage o f  rubber is  not significantly different
e different age-groups, but that the am ount o f  rubber stored during 
current year is m aterially less in  the oldest plants. T h e  average



rubber

• K rn f fh.> ninth vear stems on the nine-year-old plants was

S v  as  comparea with 74'4  gm- -f
plants and 56-0 gn,. for the third year stem s o f  three-year-oU

piants.

T A B L E  V I

raSIM m.TiON OF Rt-BEER IN PERCENTAGE OF DRY-W EIGirT OF PLANT T T O  

I S ^ 7 t o G H T  o f  ru b b e r  in  PORT.0K S OF GUAYUIX PLA.NTS OF %-AR.OUS 

ACES •

P .it of phnl ATOBt n i b t e  conltnt o f ptm ts with ages of;
,  ,ear 2 j o r e  3 ye*"  9 y a n

per '  P«r P«r p«r
cm t gm. ccflt fiD. cenl gm. cent gm.

D ____ _ 6-<J4 0-78 7 '0 2  I - U  10 -15  5*8

............  M  >-9S 9'8o 4 1 6  I3'=7 ■«?
Root bark............................  10-86 074
Rom wood............................. 0'92 0 '<»
%«DS *5}d d o w n s............... 6 04 4-06 D o£ 0
is i-y o r  steins......................  9‘6o S'^2  ro-go 10-82 15-86 18-33
2I>d:^w itans...................  9 -'4  6 '4i M-74 I5'55 17-03
3rd-)'ear stems.................... >0'30 S-66
j r d - a « l4tb-yeaf sJan s ...  '5 '32  13‘?4
jtb* and 6th-ycar siem s,. .  *4‘90 ^̂ '9'
7th-and 8ih -var stem s.. .  ij-S4 ^ '̂3^
9 th -y « rs t« iis ...................... 9 -»» '®3
Eotiie plant........................  5-89 4-ffi

•  Compaed from Tables I ,  I I .  I l l ,  IV , V , and  V U  o f  O . F .  C u rtis  ( 1947)- 

A n a tm ka l Structure in Relation to Environment

Lloyd (1911) and -\rtschwager (1943) have pointed out th at the rate of 
growth determines the relative increment o f x>'lem and phloem. Lloyd 
made a study of the relative amounts of bark produced under irrigation 
and by drj -land plants. He found that the proportion o f bark  tissue, which 
is the chief source o f rubber in guayule, was higher in the  dry-land plants 
than in the irrigated plants. Since that time, many studies have been made 
of the rubber content of plants grown under various conditions and with 
differential cultural treatments.

O. F . Curtis (1947) made a comparison o f the percentage o f  rubber and 
the rubber content o f plants from blocks o f three-year-old guayule plants 
that had been given differential irrigation, One lot had been irrigated 
only m the first year o f growth, but the other had been g iven an additional 
irngation m September o f the third year. Both plots w ere harvested the 
ollowng April. Information has been taken from  C urtis’ s  T a b le s  I I I  ^nd 

IV to compjle Table V I I ,  and the plants were d ivided into various parti 
as mdicatcd in that table. T he increased growth resulting from  the ad­
ditional irrigation in September o f the third year led  to a lowered per­
centage o f rubber in all parts o f the plants.



Traub { ig ^ ')  Benedict (1Q49) have s h o ™  that the rubber in 
euayulc is not depleted during stress periods, but C urtis’ s evidence may 
indicate that the am ount o f  rubber in older tissue is reduced during 
pi'riods o f active grow th. T h e  evidence is clear w ith  respect to the 
voiingcst tissue (br:inch roots and third-year stems) that the irrigation 
resulted in the production o f  incrcitsed plant tissue with a lower percen­
tage o f rubber than that produced in the non-irrigated plants during the 
same period. T h e  greater volum e o f  new  tissue in the irrigated plants was 
responsible for a higher content o f  rubber than in the richer, but lesser, 
tissues o f tlie non-irrigatcd plants.

T A B L E  V I I

D !.frRrBurrox o f  r u b b e r  i n  p e r c e n t a g e  o f  d r y - w e ig h t  o f  t i s s u e  a n d  in

U-EIGHT OF RUBBER IN  INDICATED PORTIONS OF THREE-YEAR-OLD GUAYLT,E 

PLANTS OF O TU IN  1 3 0 .  THE ‘ N’ON-IRRIGATED’  LOT WAS IRRIGATED IN THE 

FJR^ YEAR ONLY. THE ‘ IRRIGATED’  LOT WAS IRRIGATED IN SEPTEMBER OF 

THE THIRD YEAR AS W'ELL AS DLTIING THE FIRST \'EAR.*

Average am o u n t o f ru b b e r ia :

P a r t o f  p lan t Irrig a ted  N oii-irrigated
p lan ts  (except initially)

plants

B ranch ro o ts . .
R o o ts ..................
C ro w n .........................  9 1 3
is t-year s te m s .......... 10-20
snii-year stems. . . .  1 0 1 8
3rd-year stems......... 9-43

•  C om piled  from  T ab le s  I I I  and  IV  o f  O . F . C urtis ( 1947).

Anatomical Structure in Relation to Variety

III discussing anatom ical d ilferences that had been attributed to the 
effect o f irrigation, A rtsch w ager (19 4 3) stated:

Varieties differ. These differences may be qualitative as well as quantitative, 
i  he relative size o f cortex and wood appears to be a varietal characteristic 
that may not be affected by environment, although the rota! growth increment 
would be in direct relation to the amount o f available water. Vessel size, as 
seen m cross-seciion, also is apt to be a varietal characteristic and not an 
expression o f the available water. In  one instance the largcr-size vessels were 
related to high rubber content, perhaps an accidental correlation, but in this 

not a response o f rate o f growth to differences in water supply.

In his com parisons o f  the distribution o f  rubber in various tissues o f 
•^guaj^lc plant, O. F .  C u rtis  (19 4 7) gave data regarding two-year-old 
nts o f straim  593 and 406. Inform ation has been taken from  his T ables

per per
ccnt ffra. ccnt gm.
6-41 1-21 7 6 2 1-07
5-68 3-87 6-8o 4-23
9 ' J 3 4-20 10-47 4-33

10-20 9-83 11-6 1 11-82
IO 18 13  12 ” •99 i 6 '3S
9-4o 6-29 1 1 1 6 5-06



T J TT T M c V IH  T h c  intcrcstiiig point o f  this comparis{m

I  t o "  —  i  had a l o w e r o f  rubber , h . ,  
o f t a f u  o f .ho plants. It, nevertheless, had nearly as m uch ,««, 

?ui i  ncher competitor and, in the youngest porttous o f  the plants 
[ t o h  roots and sccond-year stems), had greater an,n.,„s  o f  rubber,

T A B L E  V l l I

DISTKIBITION OF m ®B E R  IN PERCENTAGE OF DRY TISSUE ANB IN TOOTO 

o r  R M  K  TlVO-yE.«-OLD OTAIXTJ. P U N T S  OF STRAINS 593 4<>6.’

Average am ount o f  ru b b e r  in 
plains o f  stra in  

P a n  o f p lan t 593 4o6
per per
cent gra. cent gm.

Bninch r o o t s . . . . . .  896  0-44 4’9 i
R o o t........................... 8-01 2- I I  3-90 ' V
C row n........................ 11-43 2 0 9  6 - i i  i-» i
la-vtar stems........  12-07 ^-07 7-13 S'57
2iid-year s t e m s . . . .  11-05  6-oo 7 2 2

* Compiled from Tables I  and I I  o f 0 .  F .  C u rtis  ( 1947 )- 

Artschwager ( 19 4 3 )  stares:

. . .  it is necessarj- to know the varieties anatomically before attempting to 
interpret the effect o f environment on structare. Since rubber sto r^  
appears to be related to structure, varieties with a greater storage space for 
robber would furnish better raw material for selective breeding than wouU 
varieties in which the secondary cortex is thin, even though both varietie 
might test high in percentage o f rubber. The relative growth increments of 
xj-lrai and phloem may also differ with different varieties. Only selections 
in which phloem development is favored over xylem should be afforded a 
future in a breeding program.



B O T A N Y  O F  T ,\ K A X A C U M  

In t r o d u c t io n

The Dandelions
The dandelions are know n throughout E u rope, A sia, and N orth Am erica 
—principally because o f  the com m on dandelion, Taraxacum officinale 
Weber,* -which is w idespread in  m eadow s and law ns, and in cultivated 
or disturbed areas. In  spite  o f  its attractive flowers that make an early 
spring show, and the foUage that finds som e use as a vegetable, the plant 
is regarded as a  weed to be ehm inated wherever found. A  few  selections 
have been put into cultivation, and its use as a food crop has attained 
minor importance in som e areas.

The Russian nam es fo r the rubber-bearing  species o f  dandelion 
relate directly to the ru b b er that resu lts from  chew ing the roots o f  the 

i plants. T h e best-kno\\n R u ssian  rubber-bearing  dandehon is kok-saghyz
I (Plate 17). T h e  ‘sagh>T;’  refers to the chew y nature o f  the rubber. Ulm ann
]■ {1951) translates kok-saghyz into ‘ grunes kaum ittel’ or ‘ green masti-
I catory’ . Brandcs (19 42) states that ‘ kok’ m eans root in the K azak  language.
L The ‘krim’ in krim -saghy^ {Taraxacum megalorhizon H and.-M zt.),
I  a second Russian ru bber-bearin g  dandelion, refers to its origin, in
» Russia, on the Crim ean Peninsula.

; The Rubber-bearing Dandelions

The genus Taraxacum  includes tw o im portant rubber-bearing species. 
; These spccies are sim ilar to one another and to the other dandelions, but
1: are quite dissim ilar in their m anner o f  reproduction, their native occur­

rence, and their cultural requirem ents. K o k -sag h p : {Taraxacum kok-saghyz 
Kodin) is a short-season dandelion. In  nature, it is found in high mountain 

; regions where severe w inter tem peratures and dense snow are usual, and
' '̂hcre the sum m er grow ing-season is  short. T h e  other rubber-bearing 

. tadelion , krim -saghyz (T . megalorhizon H am i.-M zt.), is a long-season
dandelion with a m uch greater adaptabilit}' to w arm  winters than even

■ common dandelion.

Q. ihc vast nujoritv of plasits rhar a re  so referred probably belong to one
r of £ 1  /  numerous allied microspecics, many o f whicli, Iiowcvcr, appear to be



I  and I I  to a im p ilc  T ab le  V I I I .  T h e  in teresting poin t o f  this com pjria, 6  
is that the vigorous strain 406 had a \ o \ i a  percentage o f  rubber than stui, p  
59?, in  all parts o f  the plants. It, nevertheless, had n early as much m i  
rubber as its richer com petitor and, in  the youngest portions o f the plmu \ 
(branch roots and second-year stem s), had greater ammmts o f rubber, j

T A B L E  V l l I

D ISrRIBl,TIO N OF RUBBER IN  PERCENTAGE OF D RY TISSUE AND IN TOIom i 

OF RUBBER IN TWO-YEAR-OLD GU.AYULE PL-ANTS OF STRAINS 593 AND 406.* ;

A verage am o u n t o f  ru b b e r  in
p lan ts  o f  s tra in

P a r t o f  p lan t 593 406

per per
CCQt gTn. ccnt gm.

B ranch  ro o ts ............. 8 9 6 0-44 4-91 1 1 2
R o o t ............................. 8 -0 ! 2 'H 3-90 i -^ i
CrowTi.........................• ” -43 2-09 6- n i ' 8 i
ist-y ea r stem s 12-07 6 0 7 7 -13 5-57
2nd -y ear s te m s . . . . 1 1-05 6-00 7-22 6-82

*  C om piled  from  T ab les I  and  I I  o f  O . F .  C u rtis  ( 1947).

Artschw ager (19 43) states: '

. . .  it is necessan' to know the varieties anatomically before attempting to ; 
interpret the effect o f environment on structure. Since rubbt-r i^ror  ̂ | 
appears to be related to structure, varieties with a greater storage space k  | 
rubber would furnish better raw material for selective brceclint; than 'Aould ■ 
varieties in which the secondary cortex is thin, even though both varieties  ̂
might test high in percentage o f rubber. I 'h e  relative growth incremencof 
xylem and phloem may also dilTer with different varietic.s. Only sclectinns 
in which phloem development is favored over xylem should be atibrJcds 
future in a breeding program.



B O T A N Y  O F  T A R A X A C U M  

I o troductio n

The Dandelimn

The dandelions are know n throughout Europe, Asia, and N orth Am erica 
—principally because o f  the com m on dandelion, Taraxacum officinale 
Weber,* which is w idespread in m eadows and lawns, and in cultivated 
or disturbed areas. In  spite o f  its attractive flowers that make an early 
spring show, and the foliage that finds some use as a  vegetable, the plant 
is regarded as a  w eed  to be elim inated wherever found. A  few selections 
have been put into cultivation , and its use as a food crop has attained 
minor im portance in  som e areas.

The Russian  nam es fo r the rubber-bearing species o f dandelion 
relate directly to the ru b b er that results from  chewing the roots o f  the 
plants. T h e best-kno\vn R u ssian  rubber-bearing dandelion is kok-saghyz 
(Plate 17). T h e  ‘sagh>'z’ refers to the chew y nature o f  the rubber. Ulm ann 
(1951) translates kok-saghvT: into ‘ grunes kaumirte!’  or ‘green masti­
catory’ . Brandes (19 4 2) states that ‘ kok’ m eans root in the Kazak language. 
The ‘krim ’ in krim -saghyz {Taraxacum megahrhizon tlan d.-M zt.), 
a second R ussian  ru bber-bearing  dandelion, refers to its origin, in 
Russia, on tlie G -im ean Peninsula.

The Ritbber-bearmg Dandelions

T h e genus Taraxacum  includes t^vo im portant rubber-bearing species. 
These species are sim ilar to one another and to the other dandelions, but 
are quite dissim ilar in  their m anner o f  reproduction, their native occur- 

and their cu ltural requirem ents. K o k -s a g h p  {Tar.ixaciwi kok-saghyz 
Kodm) is a sh o rt-se^ o n  dandelion. In  nature, it is found in high mouniain 
repons where severe w inter tem peratures and dense snow are usual, and 
''here the sum m er grow ing-season is short. T h e  other rubber-bearing 

andclion, krim -saghyz {'f. megalorhizon H and.-M zt.), is a long-season 
andchon w ith a m uch greater adaptabiUty to warm winters than even 

common dandelion.

Of majority o f plants that arc so referred probably belong to one
 ̂ numerous allied microsnccies, manv o f which, however, appear 10 be 

«ouDUul taxonomic worth.—Ed.



N a t u r a l  D is t r ib u t io n

Kok-saghyz
Geographical Dislribulion. K ok-sagh yz  is native to a restricted dis- 

trict in the K azakh  R ep u b lic  near A lm a A ta , where it is found in the 
valley's and highlands o f  the T ia n  Sh an  M ountain s (cf. F ig . i). Russian 
estim ates have been reported that the area com prises some 10,000 square 
km. and that the native population o f  ko k-saghyz am ounts to some 600 
million plants. K o k-sagh yz is found in association with many other { 
spccies o f  plants, in cluding several other specics o f  Taraxacum, and occurs { 
in w hat K o ro leva  (1940) designates as ‘ th ickets’ . I-

AltituJe. T h e  natural stands o f  kok-saghyz arc  found at the mid- 
elevations o f  d ie offshoots o f  the T ia n  Sh an  M ountain s at elevations var\- 
ing from  5,900 to 6 ,300 ft. above sea-lcvcl. T h e  cool spring weather at 
these high northern elevaticms is fiivourable for the germination and 
in itial grow th o f  the young plants. D u rin g  this initial growth-periud, the 
aerial portions o f  the new ly-germ in ated seedlin gs develop slowly, while 
the roots elongate com paratively rap idly . j

Climate. T h e  climate o f  the native range o f  kok-saghyz results from j 
its high elevation. W inter tem peratures from  N o vem ber through Feb­
ruary are constantly below freezin g, the ground is covered with snow, 
and there is no thaw ing. In  the sp rin g  and sum m er, there is a high 
diurnal variation in tem perature. Su m m er tem peratures may var}- from 
3 2 °  to 4 0 °F . at night, up to 86"' to 1 2 2 1 '.  in daytim e. M onthly mean 
tem peratures from  M arch  to O ctober, as given b y  L ’lm ann (1951), Jire 
show n in T a b le  IX .

'IW B L E  I X

MEAN MONTI n ,Y  TEMPERATURtUS REPORTED I'OR THE NATIVK RAN'GE OF 

Taraxacum kok-saghyz IN 'n iE  t i a n  .su a n  .moI'.n'Tain'.s o f  im-: 

KAZ.'VKU S .S .R .*

Momli Tcinpcralurc M onth 'reinperaturc
March 6 V. Jijiy (.1 I'.
April 40 .'\uj;iisi 60
M ay 45' 1'. .September S J 'F .
Jun e 5 0 F . October r .

•  From  data published by U ln unn (19 51) .

A  generally c<»ol, m ountain clim ate thus characterizes ii\c native range 
o f kok-saghyz. T h e  soil tem peratures seldom  exceed 60 I '.,  even at the 
height o f the grow ing-season. ' I ’he sum m ers are alm ost ^\ithout win. 
T h e  m ajor portion o f  some 10  to 12  in. o f  annual precipitation cumcs 
during the winter period. 'I'he atm ospheric lium idity is high, ranging 
around 80 per cent and never drttpping below  about ^o per cent.



Soil T h e  b est natural stands o f  kok-saghyz are found on light,
1 amv m cadow-soils that are rich in  hum us. T h e  upper horizons o f the 
C st ^ i l s  are low  in chlorides. T h e  ground-w ater is fresh and» where the 
CTOWth o f kok-saghyz is best, the soil is  continually moist, particularly 

in the upper levels.
GroiPth-cycks. K o k-sag h yz  is thus adapted to withstand the rigours 

of its native habitat— both the severe winters and the summer drought. 
During the spring period o f  root grow th, and during the flowering and 
seeding season, its requirem ents fo r w ater are very  high. T h e  natural 
moisture o f  the better so ils, together w ith continued high relative humid­
ity'of the air, serve to satisfy this need.

In dr\' sum m ers, w hen the soil-m oisturc decreases after the seeding 
season, kok-saghyz goes into a resting period in which the aerial portions 
of the plant die back to the crow n. T h e  normal sequence o f growth 
phases o f  a second-ycar p lant in nature is : the flower buds form  in M ay, 
and the plants are in  fu ll b loom  by the early part o f Ju n e , whilst the 
development o f  the seed takes place from  m id-June to the first part o f 
July. B y  m id -Ju ly , seed in g is com plete, and, b y  m id-August, i f  the normal 
summer drought is unbroken b y  rain , the plant has gone into a condition 
of complete rest. E a r ly  rain s m ay prevent the plants from going into the 
rest period, and rains that com e after the plant has dropped its leaves may 
cause it to resum e grow th  and form  a new rosette o f  leaves.

Response to Photoperiod. K ok-sagh yz  is a  t>pical long-day plant. 
Borthwick et al. ( 19 4 3)  studied  the effects o f  photoperiod and temperature 
on the growth and developm ent o f  kok-saghyz. T h e y  found that it is 
sensitive to changes in tem perature, light-intensit}', and photoperiod, but 
that it has wide ad aptab ility  to all but the shortest photoperiods and 
highest tem peratures.

Kritn-saghyz
Geographical Distributiun. In  com parison with the restricted natural 

range o f kok-saghyz, krim -saghyz, the Crim ean or autumn dandelion, is 
widespread throughout the M editerran ean  region. I t  is found in the dry 
coastal areas o f  Sp a in , Ita ly , G reece , and Yugoslavia, and also in ,\sia 
Minor and in Sy ria . In  R u ssia , it is found only in the southern coastal 
region o f the C rim ea, from  E u patoria to Sudak.

Altitude. K rim -sagh v z  is seldom  found above an altitude o f some 
300 to 400 metres. T h ro u g h  m ost o f  its range, this confines it to a  rather 
narrow coastal strip , m ain lv on the M editerranean, Adriatic, Aegean, and 
B h ckSeas. '

Climate. T h e  areas in w hich  krim -saghyz is found var>' from  35'’
45 north o f  the E q u ato r. T h is  northerly location is tempered b y  the 

fĵ ct that krim -sagh\'2 is found  only along the sea coast, where it enjoys 
^  equable m aritim e clim ate. In  the coastal regions o f the Crim ea, annual 
°^ im u m  tem peratures occur in Ju ly  and A ugust, and the recorded



m axim a vary  from  9 6 "F . in Y a lta  to i0 4 ° F .  in S im feropol. T h e  lowest tem. 
peranires recorded w ere in Februar\’ and varied from  j y .  in  Sevastopol to 
- 2 2 ° F .  in Sim feropol. T h is  southern portion o f  the C rim ea has a relatively 
long frost-free period extendin g from  late M arch  to late November

T h e  native habitat o f  krim -saghyz is su n n y and arid, though the annua] 
precipitation is  som ew hat h igher than  that o f  the native habitat of kok- 
saghj'z. In  the Crim ea, the rain fall varies from  1 1 7  in. (296 mm.) at 
Sudak to 2 1-3  in. (540 m m .) at Y alta . Season al variation in rainfall is *[• 
not great, substantially equal am ounts com ing in spring , sum m er, autumn, I 
and w inter. I

Soil. K rim -sagln -z is  less selective than kok-saghv'z in its soil I 
requirem ents, and it also show s m ore tolerance to shade and other un- I 
favourable environm ental factors. In  general, the so ils o f  its native habiut 
are dark brow n, w ith a heavy or coarse structure. I t  withstands a rathet 
high concentration o f  salt in the up p er levels, prov id ing  fresh water is 
available w ithin 2 or 3  ft. o f  the surface. T h e  long, slow ly tapering, sparsely 
branched roots penetrate several feet into the soil and a fairly deep soil 
is favourable for grow th and survival.

GroiPth-cycle o f  Krim-saghyz. T h e  grow th-cycle o f  krim-saghyz is \. 
quite different from  that o f  kok-saghyz. T h e  point o f  greatest simibrit)’ j 
lies in the sum m er restin g period that is com m on to both species. The 
spring grow th o f  krim -sagh j'z  is entirely vegetative, and no Hinvcr-buds 
are form ed even in  second-year plants. 'I 'h e  onset o f  sum m er, w ith higher 
air and ground tem peratures, b rin gs the grow th  o f  the plant to a halt. 
T h e  leaves w ither and die, and the plant goes into a phase o f dormancy 
that m ay last fo r from  t^vo to more than fou r m onths. D orm ancy is com­
plete during Ju ly  and A u gu st, but it is possib le for plants to enter ilor- 
m anc)' as early as M a y  and to continue dorm ant until late September.

T h e  end o f  the resting period is m arked b y  bud form ation and flowering 
o f  krim -saghyz. F low erin g  takes place prior to the form ation o f new 
leaves to replace those lost at the start o f  dorm ancy. Because o f this char- 
a a e r is tic  flow ering habit, krim -saghyz is com m tm ly know n as the autumn 
dandelion. N e w  leaves are not form ed until tow ards the end ot the 
grow ing-season, in N ovem ber, so the plants rem ain leafless for up w 
six  m onths durin g  the period o f  high soil tem peratures.

T a x o n o m y

Taraxacum
T h e  dandelions belong to the genus Taraxacum  o f  the great family 

Com positae. T h e y  are native particu larly to the northern parts o f  I'.urope 
and A sia  as acaulescent annuals, biennials, or perennials with lon'i ta^ 
roots. T h e  leaves vary  from  entire to pinnatisecr. T h e  tl(n\crs are ninstly 
bright yellow , but w hite, cream -coloured, and even pinkish dandelions 
have been described.



■r. .omm on dandelion, T u m xa n .m  W eb er has b een  in t n -
.  A m erica and  is n »w  a w eed  m  gard en s and  t o n s

h Z  th "em perate zone o f  n o rthern  A m erica . Its  leaves are b .tter 

'  IT ,S c  and are often eaten as a  vegetab le . T h e  H owers are used  to m ake 
’  T he roots have been used  as a su bstitute  fo r  coffee an d , m  m edicin e, 

" ’ f ; i i„ r e t ie  stom achic, and cholagogue.
’  Ttoe lr c  num erous species o f  Taraxacum  b u t fro m  th e  standpoint 

r u b b e r  production, on ly  t « o .  Taraxacum kok-^aghyz  R o d in , com m on ly  
, L  Vnk-^aBhvz and T. megalorhizon, co m m o n ly  kn ow n a s k r im - 
S r ^ r e  o f ? n y 'd i r e e t  in tereft. I n  n ature, h o w .v e r , k o k -sa g h y . is 

ta n d  ’in com pany w ith  several o ther species o f  ta raxacum  an d  h y -  
S z c s  with at least tw o  o f  them . K rim -saghy-^ is  not so  com m on ly  
associated with other species o f  Taraxacum  in  n atu re ; m oreover it is 
whollYaporaicticand consequently in cap able  o f  hyb rid izatio n . I ts  asscK i- 
ation with other species o f  Taraxacum  is  re la tive ly  u n im portan t, a s there 

is no intermingling o f  gcrm -plasm .

Kok-siighyz
Taraxacum kok-saghyz R o d in  is  a  peren n ia l herb  w ith  a  vertica l root 

that is often twisted, and in  cu ltivation  m ay be h ig h ly  d iv id ed , w ith  a ll the 
main branches g ro w n g  vertica lly . T h e  tap -ro o t m ay be u p  to 7 0  to 75  
cm. long. T h e leaves are in  a  rosette, m o stly  d ecu m b en t b u t o ccasion ally  
ascending. T h e y  are quite variab le  in  size and  sh ape, m ostly  n arro w ly  
obovatc or broadly lanceolate, and  en tire  to  sin u ate-d en tate  o r in cised - 
runcinate. T h e  individual p lan t b ears fro m  th ree  to  e igh t h o llo w  flo w cr- 
stalb. These are purp lish  a t  th e  base  and  gen era lly  g lab ro u s, b u t m ay 
sometimes be slightly pu bescen t on  th e  u p p er p art ju st b e lo w  th e  h e a d , . 
which is com monly 25 to 30  m m . in  d iam eter. T h e  in vo lu cre  is  b iseriate , 
with the outer bracts sligh tly  sp read in g . T h e s e  b racts are o vate  o r lan­
ceolate, more or less poin ted at th e  a p ex , 5-5 to 6-5 m m . lo n g , 3  to  3-8 
mm. wide, and provided w ith  a la rg e , m ore o r le ss  h ook-cur\'ed , sc arce ly  
declining, horn from  2-5 to 4 m m . (som etim es u p  to 5 m m .) lo n g . T h e  
inner bracts are erect (at flow erin g-tim e slig h tly  deflexed  at the ap ex),
9 w 12 mm. long, i - i  to i-2  m m . w id e , and  n arro w ly  h ya lin e-m arg in ed , 
whilst the horn is 2 to 2*5 m m . lo n g  and  s lig h tly  declin ed . T h e  horn s are 
persistent until the beginnin g o f  the fru it in g  stage, alth o u gh  th ey  m ay 
«Mme somewliat dried -u p  sh o rtly  before . T h e  horn s o f  the in n er b racts , 

■jn sometimes those o f  the o u ter b racts , arc  so m ew h at p u rp lish  a t th e  
pex. Ih e  ligules are brigh t ye llo w , the m arg in al on es b ein g  2  to 2*3 m m . 

dull  ̂ Ml sm aller. T h e  an thers arc  a
vcllo^L cxserted  u p  to h a lf  th eir len gth , and  th e  st> le is  pale

ligi^e stigm a w h ich  is a lw ays a little  sh o rter tiian

^ straw -co lo u r, q u ad ran gu lar or rh om boid  
ersc section, w ith  fro m  fifteen  to sev en teen  rib s  (fo u r o f  these,

1 4 1



opposite to each o ther, arc notably en)arf?cd), the  rib !5 all having upwardly. 
directed teeth , those on the larger ribs (i.e. the  ones on the angles) bein̂  ' 
conspicuously larger than  the  others and extending along two-thirds to ‘ 
th ree-quarters o f  the length o f the  achcne. T h e  achenes, excluding tk i 
colum n and the  beak, are 2*3 to 2-9 m m. long and 0-7 to o-8 mm. in diameter, l
T h e  colum n iso-8 to  i - i  m m. long, the beak is 4-5 to 5 2 mm. long, a 
the pappus is white.

Pollinution o f  Kok-saghyz

Pollination o f kok-saghyz is perform ed mainly by bees. W ind pollina­
tion plays but a m inor role, as the pollen is sticky and gathers together 
into balls th at are carried not more than  a few feet. Koroleva (19401 
placed glass slides covered with glycerine in a planting of kok-saghyi 
T h e  pollen collected was invariably o f  the form  described, and the con­
clusion was reached th at if  any wind-pollinaticm took place it would have 
to be only at the  peak o f the flowering season. I
Species of''Taraxacum' Associated with Kok-sa^hyz \

Both in nature and in cultivation, a num ber o f other species of Taraxi- . 
cum have been found associated with kok-saghyz. In  some plantings, these 
other species have predom inated over the kok-saghyz itse lf None of 
these others species o f  Taraxacum is im portan t for rubber production. 
T h e  diploid types hybridize readily w ith kok-saghyz, b u t no interspecific ; 
hybrid has been found or developed th at is o f  value for rubber production. 
All interm ixtures m ust, from  the s tandpoin t o f rubber production, bi' 
considered deleterious. T h e  possibility rem ains th a t interspecilic crossing 
may be useful in developing new t>-pes with increased vigour. Unfi»r- | 
tunately, there is a high degree o f sterility in these interspecific hybrids. 1 
Back-crossing to kok-saghyz is possible and, though the rate of seed-set is 
low, it is possible that the rubber-con ten t o f vigorous interspecific hybrid 
lines can be increased through back-crossing to the kok-saghyz parent.

Koroleva (1940) made a study o f the  species o f Taraxacum assuciiUed 
with kok-saghyz in Russia, and reported the following spccies either m 
plantations or associated w ith kok-saghyz in the  natural stands: 
cum muhiscaposum Schischk., which has th inner and darker leaves rhau 
kok-saghyz; T. calcareum Korfileva, a white-flowered dandelion; 7 . 
rabicum M and.-M zt., a dandelion with larger and denser rosettes tĥ ri 
kok-saghyz; T. hrevicmiiculatum Koroleva, characterized by the presence 
o f horn-hke appendages on the tips o f the bracvs o f tiie i n v o l u c r e ,  thoup 
these appendages are shorter and thicker than those on kdk-Siighyz- 
T. officinale W eber, the comm on dandeli(»n; T. microspcrmum S c h is c h k .,  

with thin, green leaves having a slightK violet shade; T. nui^num Korole\s. 
one o f the largest o f  the dandelions and having thin, dark-green leaves 
with reddish, thick m idribs; T. schischkini Koroleva, a dandelion 
large rosette o f th in  leaves having a slightly yellowish shade; and i-



P h'U nnrjphs hy pirm iss\un " f  \R S . i  .S .  D<pt 

(a) A kryie p ia rr  o f  P a n h fn iu m  l^'mentiiuim  \a r .  sirarn-inium. O n  the  k'U j  knee- 
high p lan t o f  ia iavu lc  has b tc n  set in  th e  irround tn indican; the  r c b i t 'v  - i / r

■ « f  gUHviile a d ia te n i lo a five-vcar-oid iiLmtin'^ Noiv slu t i !k !‘i '!  ■’■•w
I ■anting has h e tn  a lm ost e rm rtlv  sunprcs«.cd hv conipi-iiti-iti trrjm \hv  i< -  • '  'h e  I'Ultr
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A p lan t i;I Lok-s,ii:h>/, 'l,i ia .\dn tm  the  llus-.ijn  rubbi-r-!H-.'- I '" ''



............  ij Schischk., w ith thin, and deeply divided, almost split leaves,
and flower-stalks th at are pubescent for their entire length.

Kr'm-uighyz
Taraxacum megalorhizan H and.-M zt. is commonly known as ‘krim- 

saghyz’, the C rim ean or au tum n dandelion, or, in the Crimea, ‘mastikana’. 
The concepts T. hybenumi Stev., and a t least part of T. gymnanthim  
DC., arc included. T h e  name T. hybernum dates from 1856 and is pre­
ferred in Russia. How ever, the concept T. gymnanthnm  DC. preceded 
(1838} the description o f T. hybernum  and included this latter dandelion.
H, Handcl-M azzetti prepared  a monograph of the genus in 1907 and 
described this particular concept as T. megalorhizon.

Krim-saghyz; is perennial and fully apomicric. I t  has a long, sparsely- 
branched root th a t usually is 0-5 to i '5  cm. thick, but that may be 3 cm. 
thick and 2 m etres long. T h e  leaf-rosette consists of from five to th ir t\-  
five leaves, which are thick and glabrous (or lightly pubescent, particularly 
in young plants). T h e  leaves are slender or lanceolate. They are seldom 
notched, and then  only a t the lower end ; or the\ may be divided into 
various shapes th roughou t the  entire margin. Up to  twentj-five thin 
flower-stalks arise from  the rosettes in late summer. At first they arc 
covered with long hairs, b u t these do not persist, At the time of flowering, 
the stalk has a length o f  abou t 6 to 7 cm. and this length may double 
during the ripening o f the  seed. Each flower-stalk has a small flower-head 
with citron-yellow flowers. W hen open, the flower-head has a diameter of 
some 3*5 to 4 cm. U p to the tim e o f flowering, the flower-stalk is upright. 
As flowering ends, the  stalk reclines; b u t it regains its upright position 
at the time o f the ripening  and discharge of the seed. T he seeds * are 
grey-brown or brow n in  colour and have a white or brownish-white 
pappus.

T h e  M o r p h o l o g y  .a n d  A x a t o m y  o f  K o k - s a g ih ^

Kok-saghyz differs from  both gua^Tile and Hevea in the relation of 
its phj-sical structu re  to the producticm and accumulatinn o f rubber. In  
Hevea, the im portan t consideration is the rate «>f formation of rubber and 
the efficiency o f rhc conducting system  for transporting the rubber- 
containing latex to  the  tapping cut. R ubber accumulation is unimportant 
except in so far as it mav lim it the  am ount that can be svithdrawn at a 
single tapping. A fter tapp inc has been started, the period of accumula­
tion varies from  a single day in  alterm ite-day lapping to periods o f a 
nionth in alternate-m onth  tapping. Both in guayule and kok-sagh\'z, 
rubber accum ulation is relatively niore im portant than rubber formation, 
since the entire harvest takes place at one time -at the end of a single 
season in the case o f kok-saghyz and after twu to many seasons in the

• See foo tno te  on  p. i io .
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ease o f  guaj'ule. In  addition to the  shorter period o f accumulation in P 
kok-sagh>-z, there arc also differences in the available storage space iha{ ^ 
limiti; the total accum ulation o f  rubber in each species.

I t  has been shown th at guayule stores its rubber in the form of latex- I 
but in separate cells, so th at it is not possible to obtain  the latex by tapping I 
the plant. In  kok-saghv-z, the rubber is accum ulated in the form of latex, ^ 
as it is in both guayule and Hevea, b u t the  storage system  in kok-saghyz ! 
resembles that o f  Hevea rather than  th at o f guayule. W hen a Ha-ea tr« 
is being tapped, the latex vessels become conduits and there is a signifiant  ̂
flow o f  latex. Kok-saghyz plants, on the  o ther hand, are too small for i 

individual tapping and the latex vessels, so far as rubber yield is concerned, 
serve only as storage units. T h e  size, shape, num ber, and relation of 
the latex vessels to otlicr tissues o f the plant are therefore much more ' 
directly related to yield in kok-saghrz than  has been found to be the case ; 
in Hevea. '

Rudenskaya (1938) and Artschw ager & M cG uire  (1943) have studied \ 
the relationship o f  the anatom ical struc tu re  o f kok-saghyz to production of 
rubber. Rudenskava reported a prim ary relationship between the storage 
capacity’ o f  the  roots o f  the  plant and its ability  to accumulate rubber. 
Artschwager & M cG uire recognized this relationship but pointed oui 
that other anatomical features m ight also be im portan t. T h ey  were par­
ticularly im pressed by the possible role o f  the sieve tubes, and stated: 
‘T h e  intimate association o f sieve tubes With latex cells in kok-saghyz and 
the role o f sieve tubes in translocation suggest, however, that performance 
and relative developm ent o f  the sieve-tube apparatus are closely linked,’

Seedling Structure

As k o k -sa g h > ’Z seeds germ inate, the  prim ar.- root emerges from the 
base o f  the achene and grows rapidly dow nwards. T h e  elongating hypo- 
coty l carries the cotyledons, w ith ihc partially enveloping remains of the 
achene, upwards. Lateral roots arc initiated very early, the tirst ones 
appearing at the junction o f the hypocot) l and root. Although a strong 
root s>-stem develops early in the life o f the seedling, the leaf rciscrte 
expands slowly and the individual leaves rem ain m inute in size f>T tvo 
m onths o r  longer.

T h e  prim arv root o f  kok-saghvz nipidlv ditTercntiates into grov'th 
zones, and the first appearance o f latex tubes takes place in the pericycle 
shortly  after germ ination. T hereafter the  form ation o f  addiii'tnal latex 
vessels is quite rapid, but is confined in the early stages to the  pericyck. 
Subsequent growth is outw ard rather than  inward, and the dcsclopinent 
o f  bark tissue is m uch greater tlian th at of tl\e stele. I ’hc fornr.ition of 
new phloem tissue is in close proximit\- to the cambial area and, as new 
phloem  is form ed, it forces the older tissue outw ard, e.verring incrc.ismg 
pressure on the endoderm is and prim ary cortex. T h e  cells o f the endo- 
derm is enlarge greatly, both tangentially and radially, bu t the cells of the 
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cortex rupture and collapse, and the entire structure, including the 
c p i a e r m i s ,  i s  finally sloughed off.

Structure o f  the Root
The tap-root o f kok-saghyz consists of a relatively small stele sur­

r o u n d e d  by concentric rings consisting o f alternate layers of pWoem and 
parenchyma. T h e  latex vessels arc mostly in the phloem layers and thus 
occur in a series o f concentric rings. Considerable variation has been 
found in the num ber and size o f the vessels in the different rings. Ruden- 
skaya (1938) found in one instance 88 latex tubes in the peripheral ring 
and 268 tubes in the  m uch shorter seventh ring from the outside, attri­
buting the difference to  an intensified differentiation of latex tubes during 
the period of m ost rapid grow th. As in  Hcvea, the latex vessels are articu­
lated, forming continuous passages by the resorption of the end-walls 
of the cells. Also, as in Heveu, the  vessels within any given ring anasto- 
niose; but, unlike Hevea, no connections have been obser\-ed between the 
latex vessels o f adjacent rings.

Cross-sections o f m ature roots often show, especially in the peripheral 
rings, latex tubes runn ing  longitudinally, i.e. in the plane of the section. 
This results from  the separation  o f the tubes of the outer r in ^  by the 
out^\ard growth o f the  root, and the readjustm ent o f the anastomosing 
connections. In  Nevea, such connections are often disrupted by the 
pressures engendered by  th is  lateral spread that results from increasing 
growth.

The sieve tubes th a t are  closely associated with the latex vessels in 
die phloem reach their full size soon after they are formed by cambial 
action. T heir un it cell is some 100 m icrons long and 10 microns wide. 
The latex vessels continue to grow for some time after they are formed. 
The largest vessels have a d iam eter o f around 20 microns and are found 
in the m iddle range o f  the latex-vessel rings. T he latex vessels in the outer 
rings are smaller, as are  also those in the inner rings that have not reached 
their full size.

B(irk Sloughing in the Second-year Kok-stighyz

Kok-saghyz is a perennial plant b u t it docs not, as guayule, necessarily 
continue to accum ulate rubber. In  nature, it has been claimed that the 
roots (an be left in  the ground and th at tlicv will continue to increase in 
nibbcr content; however, this is not possible under cultivation. During 
the wintering perifjd, after the  first year o f  growth, the plant develops a 
pwcnchymatous layer th at bccomes corky and continues to gro\v out from 
 ̂ e cambium. T h is  corky layer intercepts the outer layers of the cortex and, 

^ c n  growth is resum ed in the spring, a gradual dying of this outer tissue 
w phce. By the  tim e the  active growing period is under way, the outer 

cla t- root has com pletely sloughed off and can be seen as a lac>- 
s ic covering over the  young root. T h is  covering has been variously



designated as a ‘sheath’, a ‘glove’, or, from  the  Russian, a ‘tschcchf)!'
U p to  75 per cent o f  the ru b b er in p lants harvested in April has been 
estim ated by  Rudenskaja (1934) to be in the sheath. I f  the roots are no( 
harvested at that tim e, the sheath is further disrupted  by the growing root 
and is completely lost in the soil. T h a t  not all o f the  rubber is included in 
the  sheatli would indicate th at new latex vessels have been formed under 
the  corkv separation layer, and th at new growth has taken place prior to i 
the A pril harvest. U lm ann (1951) quotes M ashtakov (1940) as showing |  
the developm ent o f this separation layer in  four stages, starting with tk  |  
au tum n o f the  first year, and \n th  the process complete and the sheath * 
discarded by the  sum m er o f  the second year.

C Y T O L O G Y  :

Kok-saghyz
W arm ke (1943) studied the  fertilization and early embr>^olog\' of 

kok-saghyz and concluded :
1. T h e  c h ro m o so m e  n u m b e r  in  Tanixcicim kol’-sughyz is n  =  8 , 2n 16, 

p lac in g  th is  sp e c ie s  a m o n g  th e  b asic  d ip lo id s  o f  tlie  g en u s .
2. M a c ro g a n ie to p h y te  fo rm a tio n  fo llo w s th e  u s u a l sex u a l p a tte rn : the 

m a c ro sp o re  m o th e r -c e ll  u n d e rg o e s  t^vo r e g u la r  m c io tic  d i \ is io n s  to  forma 
l in e a r  se r ie s  o f  fo u r  re d u c e d  m a c ro sp o re s , th e  c h a laza l o n e  o f  w hich  usually 
b e c o m e s  fu n c tio n a l. A s th e  re s u l t  o f  th r e e  su c c e ss iv e  m c io tic  divisions fol­
lo w ed  b y  u n io n  o f  th e  tw o  p o la r  n u c le i a n d  c e il-w a ll  fo rm a tio n , th e  ckssic 
7 -c e lle d  m ac ro g am e to p K y te  is fo rm e d .

3 . T h i r ty  m in u te s  a f te r  p o l lin a tio n ,  th e  p u lle n - ru b e s  a re  se e n  to  enter the 
m a c ro g a m e to p h n e .  F e r t i l iz a t io n  follow^s th e  nc irm al p a tte rn ,  one mite 
n u c le u s  u n i t in g  w ith  th e  eg g  a n d  th e  o th e r  u n i t in g  w ith  th e  p r im ary  endo­
s p e rm  n u c le u s . S u p e rn u m e ra ry  m a le  n u c le i a re  f re q u e n tly  o b served  in the 
e m b ry o  sa c  b u t  u s u a lly  a r e  n o t fu n c iitm a l.

4 . T h e  f irs t d iv is io n  in  th e  e n d o s p e rm  o c c u rs  a b o u t  6 h(»urs a lte r  potlina- 
t io n , a n d  th e  firs t d iv is io n  o f  th e  e g g  fo llo w s a b o u t  (jne  h o u r  la te r.

5 . E m b r> 'o n ic  d e v e lo p m e n t fo llo w s th e  a s te r  ty p e ,  ch a ra c te r is tic  o f the 
C o m p o s ita e .

6 . C h ro m o so m e  c o u n ts  v e rify  th e  r e a lity  o f  th e  se.'cual p ro cesse s  b y  showing 
th e  d e v e lo p in g  e m b ry o  to  be d ip lo id ,  w ith  16 c h ro m o so m e s , a n d  th e  endo­

sp e rm  to  h e  t r ip lo id ,  w ith  2 4  ch ro m o so m e s .
7. D u r in g  th e  s u m m e r  T . kok-saghyz  is h ig h ly  se lf -s te r ile  b u t cross- 

fe rtile . In  th e  la te  fa ll a n d  w in te r  i t  m a y  e x h ib i t  c o n s id e ra b le  eml-seasun 
se lf-fe itility .

Tetraploid K ok-utghyz
Navashin & Gcnissimova (1941) pr(jduced tetraploid kok-saghyz by 

treating the roots with colchicine and propagating the plants by rt><« 
cuttings. T h e  plants so produced differed front ru)rmal kok-saghyi^ 
having larger and more fleshy leaves, larger roots, and seeds that 

146



Imost double the weight o f  normal kok-saghyz seed (7 to 10 mg., com- 
nared with 3 to 5 mg. fo r normal kok-saghyz).

T h e s e  investigators also reported that, in addition to the larger size 
f  the roots, the individual latex vessels were enlarged so that the storage 

o p a c i ty  for rubber in t h e  tetraploid population was much greater than 
in a comparable population o f diploids. A n additional merit of t h e  tetra- 
ploids was that they reseeded themselves. Diploid kok-saghyz does not 
reseed itself and m ust be replanted after harvesting each crop. T he tetra- 
niiiid seedlings were reported as m ore vigorous than  diploid seedlings, 
and are thus highly com petitive at a time v»hen normal kok-saghyz is 
unable to match the aerial growtii o f competing vegetation.

Taraxacum

Warmke (1943) states;
C h ro m o so m e n u m b e r s  o f  n  — 8 a n d  2 n  =  16 p lace  T. kok-saghyz, along  
w ith six o r e ig h t o th e r  sp e c ie s , a s  b a sic  d ip lo id s  in  th e  gen u s. The grea t 
m ajorit} ' o f  th e  g e n u s ,  h o w e v e r ,  is p o ly p lo id . Species w ith  spo ro p h y tic  
chrom osom e n u m b e r s  o f  2 4 , 32 , a n d  4 0 , re p re se n tin g  tr ip lo id , le tra p lo id , and  
p en tap lo id  fo rm s , re s p e c t iv e ly ,  a r e  k n o w n . It is  o f  in te re s t  th a t  th e  dip lo id  
species, in c lu d in g  k o k -sa g h y z , a re  sex u a lly  re p ro d u c in g , w hile  th e  po lyp lo ids 
are apom ic tic .

Krim-saghyz has 24 chrom osomes and is thus a triploid. T he  common 
dandelion, T. offidnak, is also a triploid. T he other species of Taraxacum 
that arc associated with kok-saghyz are mostly triploids, but with three 
exceptions: T. mnhiscaposutii and T. bessarabkum are diploids, and hy­
bridize readily with T. kok-saghyz, while the white dandelion, T. cal- 
careim, is a tetraploid.

Koroleva (1940) pollinated flowers o f kok-saghyz with pollen of the 
triploid dandelions Taraxacum brevicorniciilaliim^ T. officinale  ̂ T. magnum, 
T. schhchkini  ̂ T. microspermum, and T. t 'lomchunicum. Seed-set ^vas very 
infrequent and the  progeny alm ost invariably resembled the mother 
parent, exhibiting the  reduced vigour characteristic of inbred plants. 
However, seven plants were found among the progeny o f kok-saghyT: 
from flowers pollinated with pollen o f  T. brericorniculatum, that exhibited 
characteristics o f  the male parent, and that m ust accordingly have been 
hybrids.

S e l e c t i o n  a n d  B r e e d in g  o f  K o k - s a o w ?,

So far, attem pted  p lant im provem ent <if krim-saghyz has proved 
futile. Artificiallv credited polvpk>ids o f kok-saghyz failed to hybridize 
'v>th krim-saghyz, and no polvploid tvpes o f any spccies have been found 
tnat will hybridize. W ith  kok-saghyz, however, plant improvement by 

;ind crossing the be tte r lines offers bright prospects of success- 
^ y raising tlie level o f yields m aterially, and of producing plants v\ith



greater ability to com pete w ith o ther vegetation— particularly in the waj 
o f developing p lants with m ore active aerial developm ent in the early 
stages o f  spring growth.

lutem ixture o f  Non-rubber-bcaring Dandelions

T h e  collection o f seed from  wild stands o f kok-saghyz constituted a 
major sourcc o f seed a t one tim e. Koroleva (1940) reported that seed 
harvested on the farm s was contam inated w ith the  seed o f the non-rubbcr- 
bearing dandelions th a t had been in troduced  w ith the kok-saghyz s 
from  the ‘natural thickets’.

Experim ental cultivation o f kok-saghyz in the U nited  States was in­
itiated with seed furnished by the Soviet G overnm ent. T he first ship­
m ent consisted o f  187 lb. received by air from  K uibyshev in May 1942. 
Several thousand poimds o f seed were furn ished  later by boat, and this 
seed was planted th roughout the U nited  S tates and carefully observed for 
growth and type. I t  was apparen t a t once that there was a large number 
(in some instances predom inating) o f off-t>'pe plants. I t  was found that, 
unless a continuing rigid rogueing operation was conducted, the  vigour and 
rapid reproduction o f the off-t>'pe dandelions soon led to their doniinance 
in fields th at had not been rogued.

P in t- or Second-year Flowering

Norm ally, only a small proportion  o f  kok-saghyz plants flower and 
fru it in their first year. I t  was believed in Russia th a t t}’pes blooming first 
in the second year were superior for ru b b er production. T h e  proportion 
o f  plants th at flower in the first year, however, can be increased consider­
ably by providing better cultural conditions. O ver 90 per cent o f the plants 
in  a single planting have th u s  been induced to flower in  the first ywr, 
whereas, under other conditions, only 20 per cent o f the plants flowered 
in  the  first year. M ashtakow et al. (1940) studied the  relationship of 
first-year flowering to  root growth and rubber-content, and found that 
the  jie ld  o f  rubber at the end o f the first season, on  27 September, was 
greater from  plants that had flowered than  it was from  plants that failed 
to  flower. T h e  percentage o f rubber was higher in the  roots of the plants 
th at did not flower, bu t the plants th at flowered had larger roots and con­
tained more total rubber.

L e a f Shape

T h e  extremes o f variation in leaf shape in  kok-saghyz have been chissi- 
fied into three categories— entire, notched, and feathery— fur general 
comparison. Every gradation exists, although it has not been pdssible to 
separate strains o f kok-saghyz on  the basis o f leaf shape, as this is not a 
fixed character b u t is greatly affected by environm ent. Ii is neither a 
reliable basis o f  classification for use in  separating strains, nor a good 
index of yield or root size. M inbaev (1940) dem onstrated the effect of
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cnvtronmenr on leaf shape. H is test plants were propagated vcgetativdy 
to avoid any possibility o f strain  dilfcrences complicating the interprctaiion 
of tiic results. By varying the am ount and tj'pe o f nutrients, he was able to 
produce extreme variation in leaf shape and rubber production in vege- 
tatively propagated p lants w ith identical genetic constitution.

That leaf shape and flowering habit {first- or second-ycar flowering) 
cannot be neglected com pletely as a basis o f selection of superior t}'pes of 
kok-saghyz, is dem onstrated by  an experim ent reported by Kupzow (1941). 
TTiis author gathered data on the relationship of root size, as measured by 
the diameter o f the roo t a t th e  crow n, to flowering habit and leaf shape in 
plants having entire, no tched , and feathery leaves. T he root size of the 
plants with feathery leaves was the largest, irrespective of the flowering 
habit, and the plants w ith en tire  leaves had the smallest roots. In  general, 
the plants that did n o t flower in  the  first year had the larger roots, 
irrespective o f  the  shape o f the  leaves. Over-all, the root size varied pro­
gressively from  small to  large as follows; entire, flowering; entire, 
non-flowering; notched, flow ering; notched, non-flowering; feather)', 
flowering; feather\-, non-flowering.

Root Size
As the size o f the  root is a m easure of the tissue available for the ex­

traction o f rubber, it is an im portan t factor in yield o f rubber^ Filippov 
(1941) found an inverse correlation between root size and the percentage 
of rubber, indicating th at the concentration o f rubber is higher in  small 
roots than in large. N o one, however, has found a direct relation between 
root size and rubber-con ten t. T h u s  the large roots may have a relatively 
high content o f ru b b er despite their lower concentration o f rubber 
compared with th at o f the  sm aller roots. Relationships have been show 
ber^-een flowering behaviour and root size, and between leaf shape and 
root size. Rudenskava {1938) showed an inverse correlation bet^veen the 
number o f latex vessels per square m illimetre and the cross-section area of 
kok-saghyz roots, a d irect correlation ber^veen the num ber of latex vessels 
per square m illim etre and the percentage o f rubber in the root, and a sig­
nificant correlation o f  0-65 betw een the  percentage of rubber and the total 
cross-section area o f  the  latex vessels. Root size and rubber-concentrarion 
appear to be independent o f  each o ther, and should be capable o f being 
liandled separately in  a breeding  program m e and then combined by 
hybridization.

Polycms Breeding

Small differences in n u trition  and other environmental conditions 
a J ?  n^^jor differences in  the  morphological response of kok-sagh\-z.

We it is possible to carr)' on a breeding programme on the basis of 
individual plants, the final resu lts  m ust be determined on the basis of 
^niparisons o f  large populations. Kok-saghyz is a fully sexual diploid
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but is largely self-sterile, and this flictor is o f considerable advantage in [ 
mass ‘field’ crossing o f  particular selections. Tysdal & Rands {19-3) ; 
reviewed work done in  the  U nited  S tates involving field-blocks planted • 
w ith selections to  be crossed by  random  ‘open’ pollination. They showed I  
that prospective yields had been doubled in com parison w ith yields from 'i 
check plantings o f  the original stra in , bo th  percentage o f rubber and size ! 
o f  roots being increased. T able  X  has been taken from  their report, to ! 
sum m arize the  result o f this breeding program m e. ;

Swedish and Spanish Investigations \

D uring  W orld W ar I I ,  researcli scientists in  both Sweden and Spain ; 
initiated tests o f kok-saghyz as a possible ru b b er crop for their countries, : 
and in both m ade progress in  adapting the crop to the condifion<5 ob- i 
taining locally. T h e  program m e o f developing new high-yielding strains | 
has been particularly successful in Sw eden, whencc selected strains have  ̂
given uniformlv high yields in all tests in which they have been compared i 
with local strains (in bo th  the U nited States and Spain). !

Pure-line Selection [

Self-sterilit>^ in  kok-saghyz has been the chief obstacle to the devel- | 
opm ent o f pure lines by inbreeding. W arm ke (1944) found that at the ' 
end o f tlie flowering season there  was a period in which the self-stcrilit\- 
o f the  kok-saghvz plants was in terrup ted , and th at the  late seeds might 
result from  self-pollination, T h e  utilirv' o f this observation has not been

T A B L E  X

COMPARATIVE YIELDS OF GROUPS OF SELECTIONS FOR IllG ItER  RVBRER 

PRODUCTION IN  Turaxactini h k -sa g h y z

Mean
Groupiiiii by proportion M ean dry- rubber

rubber Sclcclious o f  rubber wciirbt
yield in dry per plant

inalerial

n-ig. number per ccnt jnn. tn?-
3 0 0 - 2 9 9 ................. t6  9-37 ’ ■c)4 ^7 -
30 0 -39 q ................. 30 ro-28 3-39 .U 4

400 -499 ................  1:2 1 1- 3 3  3 9 1  4.1^^
Over 500 ............  I i v i o  4-58 5'7

f  Turkish strain 7 '35  2 7 8  208
Q iecks Swedish .strain 11-40  3'0-2 344

I Original variety 7 '84 2 7 1  213
L .S .D . at 5 per ccm Icvelt 2^32 1-20 i *7

•  Represents approximately 130  lb. o f rubber per acrc at normal planlinp densitK'S' 
fL ea-st Significant Difference, the smallest difference between iwn urmus tW 

would be considered significant at the five per cent level, i.e. a sufficient ditferencc ttia 
the probability o f its being due to chance Ls les,s than one in twenty (5 per cent).



mined adequately in breeding  work, b u t it indicates tlie possibility 
d-sct m ight be expected in isolated blocks o f individual selections. 

* ’S e r e n c e  to the rep o rt o f  T ysdal & R ands (1953), as summ arized in  
T I?  X  wnuld indicate th a t fu rth er intensification o f  rubber concentra-
■ L possible. T h is  increase m ight be expected to  double the pre.sent 

" T b e r io n ten t, involving an increase in  the percentage o f rubber from 
lie present range o f  7-84 to  11-40, as given in  the table, to  a new level 
witli a range o f from  15 to  25 per cen t o f dry-w eight.



B O T .W Y  O F  O T H E R  R U B B E R -B E A R IN G  PLA NTS ;

CR'i'PTOS'rECJIA

R u b b e r  from  Cryptostegia ‘vines’ growing in Madiigascar and India first ' 
appeared on rhe m arket early in the nineteenth century ; following this, ' 
production from  wild vines continued for m ore than  three-quarters of a 
century. Cryplostegia rubber is o f excelient quality, bu t no efficient 
m ethod o f bleeding the p lants has ever been developed. M ost of the rubber I 
has been produced by bleeding the stem s o f the plants, and the cost of (: 
collection was excessive in com parison w ith th at (jf producing rubber froin | 
o ther sources.

Geographical Dhiribution \
Althoueh the earliest records o f ru b b er production from Crypiostegk ( 

are based on collections in India, m ost Ind ian  botanists are agreed that i 
Cryptostegia is not native to that country. I t  is probable that both species, ; 
Cryptostegia grandijlora R.Br. and C. nijdugascariemis Boj., were origin- j 
ally native only to the IsLmd o f M adagascar, and that tlicy were spread  ̂
by m an from  there  to Africa and India. |

T h e  dissem ination o f the two species was rapid during the nineteenth . 
and t%ventieth cenrurics and, by 1943, according to  Jenkins t
the  other had been reported from  the following areas: I
Africa. In  British East Africa, Egv'pt, M auritius, Reunion, and Mada- [ 

gascar. 1
Auslraliu. In  Queensland. _ |
Asia. In  India, Ceylon, Malaya, Java, Form osa, the I’hihppine Islands, j. 

and Hawaii.
North America. In  Mexico and the U nited States.
Central America. In  British H im duras, N icaragua, El Salvador, 1 londiiras, 

Costa Rica, and Panama.
South America. In  Venezuela, British Guiana, Brazil, and C’olnmbia.
Wen Indies. In  the Bahamas, Cuba, Jamaica, H aiti, the Donniiican 

Republic, Puerto Rico, the V irgin Islands, the Lee\\ard  Isl-uuls, 
the W indward Islands, Tobago", T riiudad , Cura(,-a(», Aruba, and 
Bonaire.

T hus, Cryptostegia was spread widely throughout the tropii-'-ii and 
subtropical portions of the world during the latter part o f rhe nineteent
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B O TA N Y  O F  O T H E R  R U B B E R -B E .\R 1 X G  PLANTS  ̂

C r ^ t t o s t e g i a

R u b b e r  f r o m  Cryptoslcgia ‘vines’ growing in  M adagascar and India firs 
appeared on the m arket early in  the n ineteenth  centur^•; folluwing thb. 
production from  wild vines continued for m ore than  three-quarters ofa 
century. Cryptoslegia ru b b er is  o f excellent qualit}-, hut no effidcn! 
m ethod o f  bleeding the p lants has ever been developed. M ost of the rubb« 
has been produced by bleeding the  stem s o f the plants, and the cost d 
colicction was excessive in com parison w ith th at o f  producing rubber from 
other sources.

Geographical Dislri/mtion

Although tlie earliest records o f  rubber production from Crypiosiepi '■ 
are based on collections in India, m ost Ind ian  botanists are agreed that 
Crypiosh'gta is no t native to that country. I t is probable that both spccies, 
Cryplostegia grandifiora R.Br. and C. maJuguscjriciisis Boj., were uri^n- | 
ally native only to the Island o f M adagascar, and th at they were spread : 
by m an from  there to Africa and India.

T h e  dissem ination o f  the two species was raj>id duriiig the nineleeatli , 
and tw entieth  centuries and, by 1943, according to /e n k in s  (1943), one or 
the other had been reported from  the following areas:
Africa. In  British East Africa, Egvpt, M auritius, Reunion, and .Madi- 

gascar.
Amtralia. I n  Queensland.
Asia, In  India, Ceylon, Malaya, Java, Form osa, the Philippine Islands, 

and Hawaii.
North America. I n  Mexico and the U nited  States.
Cefrtral America. In  British H onduras, Nicaragua, El Salvador, H o n d u ra s ,  

C^sta Rica, and Panama.
South America. In  Venezuela, B ritish G uiana, Brazil, and Colombia,
West Indies. In  the Bahamas, Cuba, Jam aica, Haiti, the Dominican 

K tpubhc, Puerto Rico, the Virgin Islands, the L e e n a rd  Islands, 
the W m dward Islands, Tobago, T rin idad , Curacao, .Artiba, and 
Bonaire.

Thus, Cryptostcgia was spread widely throughout the tn>pical and 
subtropical portions o f  the world during the latter part o f  the ninetecnrh
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century anti the  first p a rt o f  the twentieth century. During this period its 
value as a possible source o f rubber may ^ v e  had some influence on its 
geographical dissem ination, but the chief influence was its attractiveness 
Is an ornam ental (Plate 18). I ts  first appearance in Mexico was when a 
German sea captain presented seeds o f C. grandifiora to friends in Mazat- 
!an as a garden o rn am en ta l F irst as an ornamental and then as an ‘escape’,
C. graitdiflora spread across M exico from  west to east, being in many 
places so aggressive th a t it even encroached on the highways and 
byroads. Its first im portation into the W est Indies m ust have occurred 
around the m iddle o f the  n ineteenth century, as it was reported to be 
established in Jam aica in  1864.

Dissemination as a Possible Source o f  Rubber

The first dissem ination o f  Cryptostegia grandifiora within the Western 
Hemisphere prim arily as a source o f rubber was by Charles S. Dolley 
(1911, i925> 1927), 'vho took a lively interest in the plant in the early 
part of the tw entieth  centur>- and was instrumental in having plantings 
made in Mexico in the States o f  Coahuila, Moreies, and Chiapas, and in 
Jamaica, the Baham as, F lorida, British H onduras, and British Guiana.

^Cryptostegia madagascariensi^ m the Western Hemisphere

The second species, Cryptostegia madagascariensis, also was introduced 
into the Americas as an ornam ental and, particularly in Florida, Central 
.%aerica, and the D om inican Republic, was more common than C. 
grandifiora. C. madagascaricnsis was first introduced into Florida as C. 
grandifiorUy and persisted under th at name for more than twent\‘ years. 
Not until the real C. grandifiora was introduced into Florida by the United 
States D epartm ent o f  A griculture in 1923 and 1924, was the true identity 
of the original in troduction  recognized. C. mudagascuriensis is commonly 
known as the ‘purp le allam anda’. I t  is a highly-valued ornamental, but 
lus never received particular atten tion  as a source of rubber, though some 
quantities o f ‘lom biro’ rubber from  this species were formerly reported 
to be exported from  M adagascar. T h e  rubber from the base of the plant 
is similar to th at from  C. grandifiora, but the rubber from the branch 
tips is inferior, containing as it does a high proportion of non-rubber 
constituents.

Taxonomy

Only these two species o f Cryptostegia arc recognizcd. The basic 
differences between them  were first pointed out by M iqucl (i<S63) on the 
basis of studies o f p lants o f both species nt the Bt)timical Garden in 
Btiitenzorg, Java. Polham us et ai. (1934) made a detailed study of the 

species at the  U nited  States P lan t Introduction Garden at Q)conui 
^rovc, Florida, and published a comparistm  o f them  and ot a hybrid that 

discovered in the  plan tings a t the Plant Intruduction Garden.



'Cryptostegia graridijlora'

Cryptasifgia grandijlora R .Br. was first described by Roxburgh (1832) 
as Nerium gratuliflorum. T h is  description thus assigned the new specits 
rt) the family Apocynaceac. R obert Brown in 1819 observed that the plant 
possessed specialized floral parts for the  transfer o f  the pollen from the 
anthers to the stigma. T hese organs, the  translators, are generally spoon- 
shaped, with a sticky disk at the narrow  end th at becomes attached to 
visiting insccts and is thus carried from  one flower to another. The 
translators alternate in the flower with the stam ens, and cach one rcccivts 
pollen from  the two adjacent anther-halvcs. T h e  presence of translators 
is a constant characteristic o f the  Asclepiadaccae b u t does not occur in 
the Apocynaccae. T h e  recognition o f these organs required that the plant 
be removed from  Ncrium in  the  Apocynaceac and assigned to a  new genus 
in the Asclepiadaceac, which Brown called CryptosWgia.

Cryptostegia grandifiora is a large clim bing sh rub  (Plate 19) which sends 
out long, whip-like branches that support them selves on any available i  
structure  or tree and have been reported to  reach the tops of trees 50 or f 
60 ft. in height. T h e  flowers arc large, showy, and bell-shaped. T hey appear [ 
in groups o f two or three, and have a purplish colour. T h e  leaves are entire, j 
opposite, and glossy, with a purp lish  cast to the m idribs and petioles. |

"Cryptostegia madagaKariensis'

Cryptnsiegia nicidaguscdriensis Boj. has less tendency to climb than has 
C. grandifiora. I t  has thicker, sm aller, and m ore glossy leaves, which lack 
the  purplish coloration th at is typical o f the  m idribs and petioles of the 
leaves o f C. grandifiora. T h e  flowers o f C. madugasciiricmis are snwllcr 
than those ofC. grandifiora^ and have a deeper p urp lish  colour. 'I'his spccics 
is said to have been used as a source o f rubber in M adagascar. The latex 
from the younger portioiLS o f the plant has a higher proportion of non­
rubber constituents than has th at from  C. grandifiora. 'I'he latex trcm the 
bark o f the basal portions o f r>id stem s t)f C. fiiudugascaricnsis is niinnally 
as rich in  rubber as th at from  C. grandifiora.

'Cryptostegia' Hybrid

A hybrid of two spccics o f Cryploslcgia was discovered hy Alfred 
M . Keys in Florida in 1927 and was studied by Piilhamus I't ah ( i9 3 4)- 
O ther hybrids have been discovered elsewhere sincc then, but this 
Florida hybrid has been studied in great detail and a knowledge of 
performance and characteristics contributes to a recognition of tlie basic 
differences between the t\vo species.

In  all essential respects the hybrid was interm ediate bet\\ecn the two 
species, and a study o f the Fa generation and successive progenies demon­
strated beyond doubt the essential factors th at diflercntiatc the two specic.'!- 
O f  particular note arc the organs term ed corolla appendages, w h ic h  are 
invariable in the two species and are so characteristic as to be of prii î^



diagnostic value in  determ ining the identity o f flowering specimens. 
The intermediate nature  o f the F j hybrid, in which the appendages are 
approximately one-half-clcft, is emphasized by the corolla appendages 
of the flowers o f  the and succeeding generations, which show 'all 
gradations o f cleavage from  the single, uncleft appendage of C. madu- 
^ascarieitsis to the deeply cleft appendage o f C. grandi/lora.

Climatic Requirenienis

Rainfall Cryptostegia *  grows under widely varied conditions— 
from arid desert to hum id  tropics. U nder cultivation, the best growth has 
been obtained either with natural rainfall amounting to 70 to 80 in. 
annually, or w ith supplem ental irrigation in drier areas. However, 
Cryptostegia has established itself in areas of Madagascar, Mexico, and 
the West Indies where the  rainfall is quite low.

Temperature. Cryptostegia has a w'ide adaptability to variations in 
temperature, Beckett et al. (1934) stated:

C. grandijlora plants proved well adapted to the extreme weather conditions 
at Bard, California. Seedlings and rooted cuttings set out in the spring months 
developed rapidly, reaching the flowering stage in the late summer and 
continuing throughout the winter, producing and maturing many pods, un­
less checked by frost. Plants subjected to freezing temperatures were seldom 
killed below the ground, and new growth was produced in the spring from 
the root stalks.

They also s ta te d :

The plants were killed to the ground in December by frost and the dead 
material was pruned olf in the spring before new growth started. Although 
these plants were subjected to killing frosts of various degrees ever)' winter, 
ver\- few died.

Minimum tem peratures were as low as i8°F . at Bard, California, 
where Beckctt et al. grew Cryptoitegiu, and summ er temperatures were 
as high as 120'T. T iiese tem peratures represent the extremes for Crypto- 
t̂egiii, and the w'inter tem peratures were too low for optim um  growth as 

the plants were killed to the  ground annually.
Nath (1943) reported  that, although most Indian botanists do not con­

sider Cryptostegia as a native o f  India, it was to be found throughout the 
length and breadth o f th a t countr)'. I t  was growing wild in the Punjab and 
the United Provinces, where extrem es o f tem perature occur; under desert 
conditions in the R ajputana S tates; and in Bombay, Madras, and the 
t^ntral Provinces, where the w inters arc comparatively mild. T he plants 

often found scattered, bu t in som e places more or less extensive stands 
’’“ve been located. N ath  notes th at the annual mean temperature does
ruhh succeciline: discussion, iht* term CrxptmKsia U used for the usual

Srahdiflora. unless spccitically bro.idencd to incluiie C. 
^ofascQntmis or the hybrid Cryptostegia.



not appear to  be o f  importance, b u t th at the  m axim um  and minimum tem i 
peratures and relative hum idity  influence grow th-rate  and dcvelopmen!  ̂
o f C. grandiflora.

Light. CTypiostegia is in tolerant o f  shade, and the total annual light is I 
doubtless a leading factor in  the  survival and growth o f the plants  ̂
Beckctt et al. (1934) com pared plants grown in  lath  houses with those 
grown in the open under the  hot, dry, sem i-desert conditions of Bard, i 
California. Even u nder these extrem e conditions, the plants in the open 1 
were often superior to those in  the shaded houses. In  less extreme climates ■ 
any shadin|i o f  the p lants slows down grow th. U n d er natural conditions, : 
Crypiostegia is lim ited to the  m argins o f  forested areas and to situations ' 
where there is abundant light.

Soil. Cryptostegia thrives on a wide variety  o f  soils, growing in both 
highly alkaline and highly acid soils. I t  has even been found in brackish 
ddal swamps, som etim es w ith the leaves encrusted with salt. Apparently \ 
thriving best in dry situations w ith a h igh w ater-table, it grows well in f  
soil with a  coarse tex ture o r on alluvial soils, b u t does not thrive on shallow l 
soil with solid rock or o ther im pervious layers near the surface. Of some ;
45,000 acres o f Crypiostegia planted in H aiti during  W orld War II, the , 
major portion failed because o f the  choice o f  shallow  soils underlain ' 
w ith solid lim estone. O n  the deeper soils, the Cryptostegiu thrived without J 
regard to  o ther soil variations.

Morphology and Anatomy \

M uch o f  the rubber o f  comm erce th at originated from Cryplostepa ; 
in India and M adagascar was obtained by m aking incisions into the bark ! 
of the  stems and catching the latex in suitable containers. W hen it became 
desirable to obtain rubber from  Crypiostegia on a large scale daring \ \  orld 
W ar I I ,  new and more efficient m ethods o f obtaining the rubber were 
sought. A basic need was to  s tudy the origin and occurrence o f the rubber- 
form ing tissues, and the m ethod o f  ru b b er regeneration to replace that 
rem oved in tapping.

Rubber-bearing Tissfic in 'Crypiostegia^

R ubber occurs in the form  o f latex in all parts o f the Cryplostfghi plant.
In  the leaves, it is found both associated w ith the chloroplasi.s in the 
individual cells and in  latex vessels in  the veins and midribs. Latex vessels 
are found in the leaf.petioles and throughout the bark  o f  the iwigs, stems, 
and roots. T h ey  are found also in the p ith , and this is an important source 
o f the rubber obtained from  the tips o f the  shoots. J . 1 '. C urtis t-t al. (iy 4 )̂ 
reported the  presence o f  rubber in secondary parcnchvm a cclls in both 
wood and bark. T hese rubber globules varied from 1 to 10 per cell and 
ranged from 1 to 12 m icrons in diam eter, though the majority nieasurcd
3 microns or loss. Similar globules were found in xvlem parcnchvma cells 
of the root.



BOTANY OF OTHER RUBflER-BEARiNG PLANTS 

Origin a7id Occurrmce a f  Latex Vessels
Arrschwaiicr (1946) made a comprehensive study o f the anatomical 

structure of Cryptoslegia granJiflora. H e traced the development of the 
laiex-vesscl system  from  its first initiation in the developing embrvo to 
its ramification th roughout the plant. Unlike those in Heved, the latex 
vessels of Cryptostegia arc not articulated but are spread tiu-ougbmt the 
stems and leaves by  elongation and profuse branching. They arc not 
confined prim arily to  vertical growth as in Hevea, bu t may grow hori- 
zontallv from  the p ith  to the cortex and then again assume a vertical 
growth- in  the coursc o f  such growth, the latex vessel penetrate the 
cambial area b u t have no  particular affinity for that area, since the cambium 
is not the source o f  the  nev^ latex vessels as it is in Bevea.

Artschwager (1946) likens the  growth o f the latex vessels in Crypto- 
siegia, as they penetrate betw een the cells, to  the de\ elopment of the 
h>'pha of a fungus. A t fiirst, the  diam eter o f the latex cell is small and its 
walls are greatly scalloped. T h e  bore o f the latex cell increases rapidly, 
however, and the  cell-walls straighten, though they increase ver>- little 
in thickness. N um erous nuclei are evident, especially in the young pan 
of what rem ains a single cell, and these at first do not differ greatly either 
in size or staining reaction from  those of the surrounding cells. Soon, 
however, they begin to  retain the safranin stain tenaciously and to appear 
a briUiant red w hen so stained, whereas the nuclei of the surroundina; 
cells are coloured blue by safranin. T h e  red staining indicates the presence 
of rubber, and its appearance marks the first formation of rubber in the 
latex vessels.

Latex cells are very num erous in the shoot apex— especially in the 
nodal region, where they  ru n  obliquely, and for a short distajice even 
horizontally, to accom pany the  leaf-trace into the leaf. A few o f the latex 
colls terminate in the  grow ing-points o f the axis, and these furnish initials 
far the latex system  o f  the entire aerial part o f  the plant. As the latter 
grows, each initial develops into a branching sj-stem ramifying through­
out the entire p lan t body.
Cryptostegiii' Latex  

The latex o f  Cryptoslegia, particularly that o f Crypiostegia grandijlora, 
been studied by  M ercier & Balansard (1932), T rum bull (1942), N ath 

(^9 4 3 )> Rhines & M cG avack {1943), Hendricks et ul. (1944), W . S. Stewart 
^  (1945), and Blondeau & C urtis (1946).

Blondeau & C urtis  give the  following measurements o f the rubber 
particles in the latex o f  the  two spccies and o f the hybrid:

Srum/iJ^ora.
^ \h ip  latex— 0-4 m icrons, only a narrow range in sizes.
I ru u k  latex— o-8 m icrons, range from  o-6 microns to 1-4 microns. 
^>-a(f(igiiscariefisis.

VVhip latex— 0-2 m icrons and i-x m icrons; two distinct sizes, 
runk latex— 0*4 m icrons, only a narrow  range.



Wliip latex—o-2 m icrons and i-1 m icrons; same as C. ni(idafra$carienu |  
Hcndricks ei aJ. reported a diam eter o f  i m icron for the particles fro i  

whip latex. T rum bull reported sizes o f  0-2 to  1-5 m icrons, with an avL'rae"' ' 
o f 0-6 to 0 7  microns.

Blondeau & C.urtis reported the p H  o f Cryptostcgia latex as 5-2 to - 
with a definite d iurnal fluctuation showing; a high in the morning, a low 
about m idday, and a return  to the high during  the afternoon and evening ' 
T hey  also reported that Cryptostegiu latex could be stabilized by the ' 
addition o f formic, acetic, or hydrochloric acid sufficient to rcduce the i 
pH  to 2-0 to 2-5. I t  could also be stabilized by the rapid addition of suffi­
cient N aO H  solution to bring the latex to a p H  o f 11.

T he  coagulation o f Crypmtcgia latex is quite  different from that of ' 
Hevea latex, which actually is a good coagulant for the former, Blondeau I 
& Curtis {1946) reported th at Cryptoslegia latex could be coatruhted by 
the proper use o f any o f  the following agents: anionic and cationic syn- i 
thetic detergents, hexylresorcinol, natural gum s from  certain leguminous \ 
trees, colloidal resins such as gum  giiiac or sodium  resinate, alkalis, hea\y- j 
metal salts, acetone, form aldehyde, sodium  chloride, and llci-ea latex, I 
T rum bull (1942) found dilution with water effective, and also reported ' 
th at a 0-5 per cent solution o f sodium  soap was a good coagulant.

Cryptostegia latex differs from  th at o f  Hevea principally in the diverse 
nature o f  the non-rubber constituents. M ercier & Balansard (1932) 
reported the isolation from  it o f  two substances o f  glucosidal nature, une 
being a saponin and the other alkaloida! and som ew hat toxic. Nath (1943) 
reported the purification from  Cryptostegia latex o f nitrogenous needle 
cr\^stals w ith a m elting point o f  236° to 2 3 7 X . and having a bitter taste.
W. S. S tewart & H um m er (1945) found a bi-rcfringent material that was 
inversely correlated with rubber in Cryptostegid latex, while Rhincs & L 
M cGavack (1943) studied the inorganic elem ents in the serum and | 
reported that N a, K , M g, P , and Li were m ost plentiful and that 
there were traces o f Fe, Si, B, and faint traces o f  Cu and M n. I'hey also 
suggested the presence o f phenols. H endricks & W ildm an (i<)46) isolated 
a tn terpene ester from  the latex oiCrypto^tegta inadu^dscurienus-.xu,\ of the 
mterspecific hybrid.

The Physiology o f  Rubber Production

F or mass-production o f rubber from Crypioste^iii, anv thoiii,’lit ot 
tappm g the stems m dividually was discarded. T ests were condLicted to 
determine the possibihty o f  extracting the  latex bv passing the stems be-
tv^een rollers, such as those usedtoextractsugar-containingiuicefroiii-sugar
cane and coraprehcm w e tests were conducted by H arrv  & Lnlx-r ( .94,!)

t  u o f e« rac tin g  the rubber by taU
f  ’’V .  for obtaining

rubber from  Crypmuegm  was placed on tip-bleeding bv cuttlni: off the 
158



ends of the stems. Artschw ager (1946) showed that this m ethod resulted 
in obtaining rubber prim anly  from  the latex vessels o f  the pith, which 
predominate in tissue o f th at age.

Rubber Regeneratm. W. S . Stewart et at. (1948) reported on experi­
ments on the bleeding o f  Cryptonegia and the regeneration o f rubber 
following bleeding. T h ey  reported that there is a rapid reduction in the 
dr\’-weight (total sohds or crude rubber) o f  latex following the initiation 
of bleeding by cutting o ff the t ip  o f a shoot. T he latex that flows out during 
die first ten  seconds had a dry-w eight o f 28 7  per cent of the fresh weight 
of the latex. T h e  latex com ing during the second ten seconds had a con­
centration o f 17-5 per cent. T h e  latex obtained from twenty-one to fifty 
seconds after m aking the cut had a sohds concentration of 15-6 per cent 
and that obtained in the next fifty seconds had a concentration o f only 
13-9 per cent o f  solids.

After the flow had stopped, there was a small increase in the concentra­
tion of solids in the latex th at was demonstrated by reopening the latex 
vessels by cutting the  stem  r in. from  the first cut. The slight gain in 
concentration was apparen t inmiediately, and there was no further gain 
in concentration by w 'aitinj tw enty-four hours to reopen the cut.

Bleeding Schedules. A s tudy  w as also made of the best schedules of 
successive bleedings to obtain maximum yields. Jt was found that the 
best yields, as m easured by the weight of the crude rubber obtained by 
coagulating the latex w ith an excess o f alcohol, resulted from making 
the iirst cut in the th ird  to sixth intcrnode from the end of the shoot"’, 
removing i to in. o f the shoot at each subsequent bleeding, and allovsing 
forty-eight to seventy-t\vo hours between bleedings. Almost as much 
rubber was obtained by m aking four bleedings per intcrnode, with four- 
to seven-day intervals between successivc bleedings.-These comparisons, 
based on total yield per w hip before exhaustif*n, show that CryplosU'gid, 
unlike Hevca, requires a long period to reconcentrate the latex.

Location mid Importance o f  Nuclei in Uitcx Vessch. I t is of consider­
able importance th at the n u c le i  which Artschwager (1946) reported in 
the latex vessels o f  Crypiostegia were found only in the tips of the tubes— 
the portions o f the vessels th at arc r e m o v e d  first in bleeding the shoots. 
Rebranching o f the latex vessels follows the  bleeding but, i f  the nuclei 
arc involved in  r u b b e r  synthesis, as appears to be the case, there could 
e no regeneration o f  ru b b er at the point o f  bleeding until fresh n u c le i 

"ere fo rm e d . Hevea, h a v in g  a latcx-vcsscl s y s te m  composed t>f a network 
n h a s  no lack o f  local n u c le i ,  and the regeneration o f  the

e r  proceeds w^ithout in terrup tion  when th e  hitcx is w ith d raw T i. 

ak Involved in Latex Flow. S. Stewart et til. (1948)
studied the distance th a t the latex flowed following bleeding of 

I t  has been shown th at in H reai an appreciable area below 
c o m e s  f ro m  the sides of ihc 

even, around the ends o f  the cut, f r o m  above. Tracing the flow



of latex in whips such as those o f  Crypm tegia  is sim pler d im  studying 
the flow o f latex in a tree such ;is Hevea. An ingenious method of deter- I 
m ining the area o f flow was used by VV. S. S tew art ct a i ,  who delimited . 
the area o f possible flow by freezing the shoots a t predeterm ined distanca '■ 
from  the cu t by applying blocks o f  solid carbon-Jioxide (dry-ice). This 
effectively cut off the flow o f latex and m ade it possible to determine, 
with great accuracy, the length o f stem  involved in the flow of latex foj. 
lowing the opening o f the cut.

I t  was found th at 11*6 in. o f stem  were norm ally involved in movenient 
o f latex in the first ten seconds after the  cut was opened. In  the next ten 
seconds, the  flow was detected a t a distance o f  14-2 in. from the cut, 
W ithin fort)' seconds, flow was detected at 24-2 in. from the cut, and 
within sixtN' seconds there  was flow at a distance o f 26-8 in. from the cut. 
These authors found only a slight d im inution o f flow w hen the total area 
o f possible flow was lim ited by freezing the shoot at 40 in. from the cut. 

Diurnal Variation in Latex. W. S. S tew art el a l  (1948) also studied 
the diurnal variation in rubber-con tcn t o f the  latex. F or this purpose 
thev gathered latex from  groups o f  shoots bled a t 6-15 in the mornine 
and compared it w ith  latex from  groups o f shoots bled at 3 o’clock in 
the afternoon. T hey  noted th at the evidence from  this and two earlier 
experiments indicated th at latex obtained after the  night, or dark, period 
is higher in its percentage o f ru b b er hydrocarbon and lower in insolubles 
(non-rubber materials insoluble in water) than  is latex obtained after the 
day, or light, period. T hese authors pointed out th at their results were 
from  percentages rather th an  dry-w eights, and th at they could not be 
taken to m ean th at insolubles are form ed during  the n ight and rubber 
hvdrocarbon during the dav. In  this experim ent, there was a stctidy 
reduction in the  percentage of ru b b er throughout the first three days of 
the test. As the analytical procedures separated the total solids on ly  into 
rubber and insolubles, the reduction  in the  percentage o f rubber was 
balanced by an increase in that o f insolubles. In  the second thrcc-d.iy 
period, there was no constant trend in rubber-con ten t, b u t there w'as 
considerable fluctuation which w'as balanced by contrarv fluctuation in the 
percentage of insolubles.

Infiwnce o f  Time o f  Day on Latex Flow. C urtis & Blondeaii 
studied the  influence o f the tim e o f day o f bleeding on the \ii-W 
composition o f the  latex. T hey  concluded:

Minimum yields of latex and rubber were obtained in all cases duriuv! 
hours. Yields of rubber from the bark o f nid trunks and i'runi youn '̂ fru‘“ 
continued low throughout the afternoon whereas yields from the \siiii>'l' '̂'' 
vegeiative branches returned in the late afiernooii to a point equallinu' cr 
exceeding that of early morning.

The time of minimum yield was correlated with the lime of _̂ reatL-5i 
atmospheric evaporating power as measured by the vapor pressure deficit. 
Laiex oimposition changed considerably throughout the dav. the rubbc' 
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fraction of the total solids varying from 50 per cent in the early morning to 
nearly 65 per cent at noon m the case of whip latex. Latex acidity also varied, 
being most acid in the midday hours and least acid in the early morning 
and late afternoon. Only minor diurnal differences in quality of the rubber 
obtained by latex coagulation were found.

From the standpoint o f plantation practice, it appeared that only morning 
tapping should be used for trunk latex collection, but that whip'latex and 
fruit latex could be collected throughout the day, with provision for a rela­
tively long noon-ttmc rest period.

Origin o f  Rubber in 'Cryplostegia'. W . S. Stewart et al. (1948) studied 
the eficct on the  form ation o f rubber o f removing the leaves from Crypto- 
sUgia. They found th at in the first bleedings, defoliated plants produced 
more rubber than  plants w ith all their lea v ^ , but that with repeated 
blecding.s the plants with their leaves left on coasistently produced more 
rubber. Further tests showed th at the  leaves of the individual shoot being 
bled were the m ost im portan t in  rubber production from that shoot, and 
that the leaves on  o ther shoots o f  the  same plant did not affect the bled 
shoot’s rubber production directly.

These autliors also tested the importance of the root on rubber 
production by the shoot, by com paring yields of grafted plants. For this 
study, three types o f plan ting  material were available— Cryptostegia 
grandijiora, C. madaguscuriettsis, and plants of the hybrid discovered earlier 
in Florida. Plants o f  each species and o f  the hybrid were used as rootstocks, 
and aich of the  three was used as a scion on each t>'pe o f rootstock. 
Samples of latex were obtained from  shoots from  the scions and from 
ungrafted suckers from  the rootstocks. T h e  rubber-content of the total 
solids from the latex obtained from  shoots o f C. madagasairierms varied 
from 0.7 to 2-0 per cent, and there was no efiect shown by any o f  the 
stocks in comparison w ith ungrafted plants. Ungrafted suckers and scions 
of C. grandiflora yielded total solids \sith  rubber-contents var\’ing from 
4 5 '9  S^'O per cent. T h e  rubber-con ten t o f the solids from the latex 
obtained from hybrid scions and ungrafted suckers varied from 27-9 to 
38 0 per cent— except for one sam ple, from  a scion on a C. madagascarietuis 
rootstock, which had a ru b ber-con ten t o f  45-6 per cent.

It is clear that the  root o f a Cryptostegia plant has little or no direct 
ffiect on the rubber-content o f the latex. T h e  slowness of regeneration of 
[ubher tollowing bleeding w ould indicate that the seat of rubber formation 
IS not close to the cu t tip . T lie  p ro o f that active leaf functioning is neces- 
^ 0 ' to a high yield o f latex would indicate that there is a direct connec- 

between leaf activity and the  form ation o f r u b b e r -a lso  that rubber, 
“r in essential precursor, is p roduced in the leaves and must be transported 
^ the stems before fu rth er ru b b er can be obtained from them. 

’ ‘npnmiim o f  X rjptostfg ia '

by Seed. T h e  propagaticm o f both Cryptostegia grandi-
^ C. tnudagascariensis is easily and effectively accomplished by 
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direct seeding. In  some circum stances, it has been found desirable tn 
plant the  seed in nurseries and transp lan t the young seedlings to the field r  
after thev have grown several leaves. In  m ost case.s this is not nccessary ? 
as the germ ination rate  is high, the seeds are comparatively large, arid k  
m;ichine planting is feasible— together with th inn ing  and cross-ploughing 1 
to obtain an even stand. H ybrid  plants, however, do not come true to ; 
tj'pe from  seed and m ust be propagated vegetatively. I

Rooting of"Cryptost€gia' Cuttings. Loom is & H ener (1944) studied 
the  rooting o f  Cryptostegid cuttings and reported th at the best rooting was 
obtained in a propagating box with bottom  heat maintained at from 85' 
to  90“̂ ?. and w ith the tops o f the cuttings kept at a materially loucr 
tem perature. T h ey  found air-layering or m arcottage * satisfactor,’ but ; 
slow (Plate 20(ij)). How ever, they  were able to increase both percentai;e i 
and rapidit^' of rooting by ringing the p aren t p lants before making cuttings, b 
T h is  resulted in the  form ation o f a heav\' band o f  callus tissue. Girdling I 
the shoot from one to ten  days before cu tting did not materially increase I 
the root form ation, and it was found best to wait several months hctween * 
girdling and cutting the stem s for rooting. T h e  use o f Rootonc (indule- | 
butj'ric  acid) iiicreased root form ation and speeded root growth. Rooted ; 
cuttings of CTyptoslegia are show n in (Plate 2o(/>)). .

Harvesting Methods \

D uring \N'orld ^ \’a^ II, because o f  the fact th at it was found to be j 
adapted to such a wide range o f soils and climatc.s, Cryplostcgia assumed aa I 
importance far bcj^ond th at o f many o ther rubber-bearing  plants. Smill- 
scale tests were conducted in the  U nited  States, M exico, and Central 
America. M ore com prehensive tests were conducted in Australia (Harn' 
& Lober, 1943) and India (Bhatnagar el ^//., 1945)- T h e  Government of 
the U nited States authorized and financed a production programme in 
H aiti which resulted in the planting o f some 45,000 acrcs Cryploslcpi' 
Several tons o f rubber were produced and tested, but no commcrcial 
quantities o f rubber were forthcom ing from  this source. 'I'he chiet diffi- 
culty encountered was in developing a satisfactory m ethod o f ohiatninc 
the rubber from the plants.

Tip Bleeding. H ans G. Sorensen, of the U nited States I )cpariment I'f 
Agriculture, devised a method o f lip  bleeding t h a t  in\'olvcd repcuted 
clipping o f the tips o f the long, whip-like shoots and catching the cxudins? 
latex in a suitable receptacle. After the G overnm ent o f the I  nited S ta te s  

had contracted with a quasi-governm ental agencv in I laiti to plant up w
•A ir -k y c r in g  (or marcoitagt-) was accomplished in th is  b ' ’ r ing ing  ihe

bark o f a stem o f  a Cryptoslegia plant al nne nr m ore lit-iiih is  above t l ic  'smuM 
tying a suitable rooiiiiic medium, moist sphagnum moss, arnuiid cuih poim ibai 
been ringed. special moi.sturc-proor marcoi box or other w jier-prm if i-ouTinjr 
used to confine the rooting medium and slow down the loss o f moisture. 'I'hc rooimi- 
mctlmm was kept moist until each ringed area had become well rooted, 'l iie >tcin 
then severed at the points where it had been rinned and the cuiiiiiEs \veie e.^tahhsnw 
in  so il.



,coooo acrcs o f Cryptoslcgia, th at agency, the Sodctd Haitiano-Ameri- 
dine dc Dcvcloppcm ent Agricole, m ore commonly known as SHADA, 
established an efficieiit research organization under the leadership of 
I T. Curtis. T h is  group im proved and simplified the clipping method 
originated by Sorensen and developed a process by  which numerous 
stems could be tied in to  a bundle and bled as a single unit, thus greatly 
facilitating and speeding the operation.

Plug Colkction. M cGavack (1944) obtained an American patent for 
a method o f bleeding Cryptostegia th at was developed at an experimental 
farm established by  the  U nited States R ubber Company at Yuma, 
Arizona. T his m ethod involved a com bination of clipping and mechanical 
extraction of the rubber from  the clippings. I t  was found that appreciable 
amounts of rubber could be obtained by gathering the clippings to recover 
the rubber that had coagulated on the ends in the form of small plugs. 
This amounted to m ore than  the total rubber obtained as latex when the 
plant was d ipped .

Mechanical and Chemical I'mitment o f  Leaves. Harr\- & Lober (T 943) 

reported on the results o f  experim ents on the mechanical extraction of 
rubber from the leaves o f Cryptostegia in  Australia. They compared the 
results of ball m illing o f fresh material, ball milling of acid-digested 
material, ball milling in  the presence o f acids or solvents, acid digestion 
after ball milling, and various o ther m ethods o f mechanical or chemical 
extraction, of rubber from  the leaves. In  Central America, Reif & Trafton 
(1946), of the U nited F ru it  Com pany, developed a chemical digestion 
method of extracting the rubber from  Cryptostegia.

Other Methods. Several o ther m ethods that were rested in the hope 
of finding a rapid and cheap means of collection arc worthy o f mention. 
k  sled-drag m ethod was originated by Percy H eath at the United States 
Plant Introduction G arden  a t Coconut Grove, Florida. T his method 
consisted in using a linoleum -covercd sled on the ground, to catch latex 
resuhing from bleeding the plants. As one group of plants stopped bleeding 
the sled was pulled to  an adjacent group. Bleeding was started by 
cutting with pruning shears, and the latex and coagulate caught on the 
linoleum were treated chemically to complete the coagulation, bemg 
thereafter washed and sheeted.

A top-drag m ethod was developed at a co-operati%e research station 
of the Governments o f M exico and the United States at Llera, near 
Ciudad Victoria, T am aulipas, iMexico. T h is  metht id consisted in trimming 
tlie row of plants to a given height and drawing an oilcloth upside down 
over the freshly cut tip s o f  the plants, T h e  droplets o f latex adhered to the 
Oilcloth and coagulated to  form  a thickening coat of rubber that could be 
stnppcd off and w ished.

A staked-leader m ethod was developed by Howard \L. Gentr>', of the
Wed States D epartm ent o f  A griculture, who was stationed at Sinaloa, 

. Mexico. T h is  m ethod involved tying the shoots to stakes, initiatmg 
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bleeding by the use o f  hedge clippers, and allowing the latex to drop into 
receptacles fastened to  the  stakes.

Ing. Eduardo Chavez o f Tam aulipas, T am ps., Mexico, duvelopedi 
machine to  cut the  stem s and collect the tips and latex in one operation. 
H and-labour was required to  suspend a light board with pcrforatiois i 
through which the shoots were placed for cu tting. T h e  machine madethr ' 
cut, gathered the tips in a sack, and collected the  latex in a trough behind 
the  cutting blade.

F o r field studies, a m ethod o f collecting the latex in small bottla 
placed on the ends o f the  shoots at the tim e o f clipping was developed« 
G u d ad  Victoria, T am ps., M exico. T h e  bottle  was held by a grommct i 
consisting o f a th in  sheet o f ru b b er w ith a small hole in  the centrc fw 
inserting the end o f the shoot. W hile th is  m ethod was nf)t considered as; 
possible commercial s>-stem o f gathering the  latex, it was effective in 
speeding up  the taking o f yield data, as the operator employing it could | 
drain many shoots in the  tim e th at otherw ise m ight have been spent in i  
bleeding a sir^ le  shoot. P

^Cryptostegia' as a Source o f  Rubber
N o m ethod o f  harvesting the ru b b er from  Cryptoslegia was devised 

th at was superior to  the clipping and tip-bleeding m ethod perfected by ; 
the research departm ent o f  SH A D A  in H aiti. T h ere  is no record thai 
th at organization a ttem pted to superim pose the plug-collcction method on i 
their clipping m ethod, and it is possible that some decrease in the cost of 
production could have been effected in this m anner. 'I'he  best estimates . 
were that some three m an-days o f labour were required for harvesting 
each pound o f rubber. Even under comparatively low labour rates, this ; 
m ade the cost o f the rubber prohibitive as l(mg as other sources of rubber . 
were available. T h e  planting o f  45,000 acres o f CryptoUcgia in H a i t i  was a . 
m onumental task in efficient organization o f  seed cuflectiun, land ac- k 
quisition, research accom plishm ent, and planting. I t  was a c c o m p l i s h e d  f 
under war-time pressures, and its failure to provide significant supplies 
o f rubber resulted only from the lack <jf an efHcient m ethod of obtaining , 
the rubber that was available.

G oij:>enkod

Goldenrod became of interest as a possible source o f  rubber solely as a
result o f th e  efforts o fT hom as A. Edison. P r i o r  t o  t h e  t i m e  t h a t  h e  rook an :
interest in dom estic sources o f rubber, no thought had been given to ; 
goldenrod as a possible source and liiilc a titn tion  to any plant that did ■ 
not have latex. Gua>Tile, o f course, did not have evident hitex hut had 
been a source o f rubber for hundreds o f years. Some attention had been 
given to another group of plants, called rabbit brush {Clirysoilhimnus 
that also docs not evidence latex. Yet on the whole, the presence ot evi­
dent latex was considered the mark o f a rubber-bearing plant.
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BOTANY OF OTHER SUCBFJi-BM RtN G m . V B

Edisr̂ Ji’s Sedfch fo r  Ruhher Plants

Edison’s particular interest was in findine n k n r , • l , 
tivated in tlie U nited  States for rubber productfon i 
of the United States D epartm en t o f  A griculture in D r n r  ™  ’’"'P
of plants from  outside the U nited  States that might be s u S  T  T " ™ '  

f, tic ailt.vatlon, but his own search was confined princmallv to r
( States, though some collectiotts were made in Mex ™ V
; sources o f  rubber, Edison organKed collecting parties to J b tJ n “ "  T
,  of all t j r e s  o f  nattve plants for chemical tesfs o f their rubb r r ?  "

iome of the groups organized for this purpose collected nl T '

>

lection and o f the nature  o f  the plant In addition to rb n ‘

Orange, New fersev \ W  f  I  ^  ''‘’’^ ' “ ries in West

all the dptPrm; , u im cult and sometimes impossible, thou«:^h

' « r i X t : T a r : : h ? c L r b ; " s  f  s t  hfnent of Agricultxirc. ^  o f the L nited States Depart-

p l ™ l T « 4 r b e i n ' ' ’̂ ‘̂  m" " ’ 1 thousands of
!>®is of his own visi '“ “lyzed in his laboratories on the

l-nzol a C a  n l ^ r r r u a s  extracted 
« to n e  of the in -o .w l" ’! '™ "  l’> treatm ent with
handwritine to r  t  samples n ere  labelled in his
tttnc t, whilst his i H“alitv o f the
™re than 2 ner renf'' r  “ f  •“ segregate species that showed
rods Were eivinfr ^ rubber. H e quickly became aware that the golden- 

> ■ - - I t s  than other group, o f plants. 
“’’"“ I by th e 'e h ™  I of the outstanding species as deter-

made h n r  n " ' * f l " - '  
f  propagation ii, ™il<--ai<>ns, for purposes
“ W made Aim,,  ̂ P reo se  areas in which the original collection had 

m ost a dozen species o f  iroldenrods were incl,„l,.,l In



EdLson’s  initial plantings, b u t liis fu rther tests tended to eliminate 
o f  the spccies and, at tlie tirn j o f  h is death in 19 34 , the species of I S  
interest was Solidago ka veim o n h ii  T o rr. &  G ray .

The Edison B o tm k  Corporatimi. A fte r the death o f  Edison tl, 
Edison Botanic C orporation was form ed to carry  on his work with tubbT 
bearing plants. H ow ever, w hen it became apparent that the.sc activitiR 
were not com m ercially rem unerative and had no im m ediate prosnect,( ! 
becoming so, the executors o f  the Edison  estate decidcd that thev shoiiH i 
be g iven no further support. A rrangem en ts w ere accordingly made to ? 
turn all p lanting m aterials and records over to the U n ited  Stat'es Dcmn- ! 
m cnt o f  Agriculture. j

Rubber in Goldenrod j

R u b ber is found in goldenrod principally  in the leaves. O nlv negligiblt 
quantities have been found in the stem s and roots. Polhamus {19,3) 
reported on the analysis o f  thirt5--niiic species o f  goldenrods, all o f ivhicli 
contaraed rubber. U p  to 6 7 0  per cent o f  ru b b er (d rv -»  eight) was foimd '  
in the leaves, but the highest percentage o f  ru b b er found in the stems '
only 0-40 and in the roots 0 -12 . F ro m  the standpoint o f  rubber production, 
therefore, on ly the leaves are im portant.

T h e  results o f  m icroscopical exam inati(m  o f  the leaves o f goldemnd 
were reported by .M. L .  R o llin s et „/. (19 4 5), who show ed that the rubber 
IS contained in isolated g lobules floating am ong the plastids in the proto- 
p asm  o f  both palisade and spon gy parenchym a cells. Usually the.!e 
^ o b u lcs occur singly, and th ey average ab o u t'tw o  m icrons in diameter. 
O ccasionally as m any as five can be found in a single cell, but in those cases 
they are m uch sm aller than usual. T h e re  is h ard ly  any ruhber-banag 
tissue m  the stems. N ear the green end o f  the stem  there are manv 
sm all resin ducts associated w ith the tibro-vascular buiulles, and each 

1 !  I “  surrounded by a single layer o f  cells containing ridiber 
globules H ow ever, the am ount o f  rubber evtractable from  the stem is 
negligible.

Seasonal Variation m Rubber Accumulation. V e ry  little rubber is 
torm ed m  goldenrod during the season o f  active gro'nth. T h e rate of 
rubber formation and accum ulation increases as the grow th-rate decreases 
n the late sum m er and autum n. T h e  rubber accum ulates first in the l.nvcr 

leaves, and accum ulation progresses upw ards as the upper leaves reach 
fu ll maturit)'. M axim um  rubher-com ent and full m aturity o f the leaf 

sn n lT jfi “ " J  * c  leaves are normally shed
from r h ' I  ^ p r o c e s s  also works progressively
bernn, the plaitt. starting soon after flowering commences and

n T l'=  «>t.rc rem aining cen.-
h e a w  ,  ‘ f " ’ « - 1  lish  winds, drough',

courage early loss o f  leaves by goldenrod.
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Tm t o f  Harvest. I t  is necessary to delay the harvesting of goldcnrod 
|,aves long as poss.ble m  o rder to perm it the aecumulati™  of r u h f e ! !  
the upper leaves, though to avoid overbalancing the increase in rh , 
t e e s  by the loss o f  the  h igh-rubber-content lower leaves is also im 
ant. A partial harvest o f the  lower leaves at the time of their m a W ™  
n.bber-contcnt would be desirable, bu t would require cxccssive hand 
labour.

Effect o f  Light on Rubber in GoU niroJ Leaves. Preslev ( , „ 6 )  showed 
that the rubber in goldenrod eaves is quickly lost in s u n li^ t  after 
they die cither on the p lan t or after being shed, whereas in darkness the 
extractable am ount o f  ru b b er may actually increase. The wave-lennh of 
the hght affected the rate o f disappearance o f the rubber. When 
leaves were exposed in envelopes made o f coloured cellophane" the dis 
app^ranee o f the  rubber from  leaves stored in clear, red, green, blue, and 
black (light-proof) envelopes decreased in that order, the greatest and 
quickest disappearance being in the  d ea r envelopes and no decrease in 
rubber being found in the leaves in the light-proof envelopes, which in­
stead showed a shght b u t consistent and sioiifieant "ain

From these experim ents, it is cvidem  'that the feaves should not be 
left exposed to light, w hether on the plant after the death of the leaves or 
m tlie procBs o f  harvesting. A period o f  several weeks is normal for the 
processes o f dying, desiccation, and shedding o f goldenrod leaves. Thev 
are shed gradually and there  is no accum ulation on the ground of leaves 
that might be h a m s te d  conveniently.

Propagaimt o f  Goldenrod

“rc verv hne and diffi- 
f  propagation. In  laboratory or greenhouse tests, 

though ^  difficulty is e.vperienccd in grow ing seedlings,
S i  1 is usualh low. A eonven.ei.;

of planting the seeds in the greenhouse at Savannah, Georgia, 
T he seeds were planted on 

a s in *  I, /  "  >'f sand or with
to water h lT  sc-lccted was not resistant
carcftiiK' • the seeds from  the force of the fine spra\- used
to conrin.r germ ination beds. T he seedlings were allowed
^ue leave/T K  bed until they had formed t\\o  or three
of 2 y ■, ■' r  triuLsplanted to flats and set our at a distance
suitable f,!rr considered

P r l  to the  field.
‘5'/o/ob Shoots. Propagation o f  goldcnrod by seed was 

un diirl operations. F o r field propagation, the shoots tJiat
years of a • " 'n ite r  and early spring  (;f the second and succecding 

^ ‘̂ 'son was the hrsr to use these shoots 
goldenrod for ru b b er production. He termed them



‘pups’, because they  clustered so thickly around the base of the |
plant. ?

M any spccies o f  goldenrnd are  characterized by  the production of'■ 
large num bers o f  underground stolons. S tolon production is qujy 
variable in the  goldenrods, som e species producing them  prnfusely 1 
and others only sparsely or not a t all. A m ong the specics studied is f  
pc»sible sources o f rubber, Solidago sempervirms does not product E 
stolons b u t can be propagated vegetutively by division o f the crown. Tin <- 
presence o f  stolons in  a  p lan t th at m ight otherw ise be identified as S. ! 
sempercirem is taken as p roof o f  its hybrid  origin— a comm on occurrenre, I 
as this specics is often closely associated w ith S . fistulosa, which is i [ 
heavy producer o f  stolons. T h e  tw o spccies are ver\- dissimilar but \ 
hybridize readily.

M ost o f the species, and  especially S . kavenwonhii, the most promising 
for rubber production, bear stolons profusely. I t  is possible that, in 
nature, the spread o f  some spccies o f  goldenrod is m ore by stolons thas . 
by  seed. However, the ability* o f goldenrod to spread to newly cleared ]  
land, and the  frequent occurrence o f hybrid plants, indicate that natunl ; 
propagation by seed is far from  rare. ;

T h e  underground stolons o f  goldenrod m ay be from  as little as an inch |
to  several feet in length. Each stolon is segm ented and m ay send up a shoot | 
a t any o r all o f  its nodes, or it may have only a single shoot at the end of ' 
the stolon. T here  is great variability in the  n um ber o f shoots produced, | 
some spccies being m uch m ore prolific than  o thers. Indiv idual plants of ! 
SoUdago kavcnrporthii norm ally produce from  ten to  th irty  stolon shoots 
each. A considerable increase can be m ade in the rate of vegetative ; 
reproduction by  digging up  the en tire  stolon and rooting cuttings from | 
those sections th at have failed to send up  shoots. T h e  stolons may be cut i 
into short sections (with at least three nodes each) and these may be ri'oted 
to supplem ent the stolon shoots. U p  to fifty shoots and polynode cuttings 
can thus be obtained from  an individual plant. '

Propagation by Stolon Cuttings. H am ner & M arth  {1943) studied the j 
use o f grow th-prom oting substances in the rooting o f stolim and stem | 
cuttings o f goldenrod. Stolon cuttings o f  g(»ldenrod, soaked in aqueous 
solutions o f several growth .substances a t concentrations o f from ten to I 
one hundred parts per million, for eighteen hours, were inhibited in top 
growth. Soaking o f  stolon cuttings for three hours in indoiebiityric acid 
solution at ten  or fifty parts per million gave some increase in 
over those not so treated. Cuttings dusted with indolebutyric, naphthal' 
eneacetic, or naphthoxyacetic acids, or with naphthalene^ acetaniidc, of 
^ •̂!th a m ixture of the.se four, in all cases dispersed in powdc-rcd wtc. 
produced more roots than  did those without such treatm ent-cxcepi 
when the concentrations were above parts per million.

Ih e  greatest num ber o f roots were form ed w hen the temperature ot 
the substrate was maintained at 70° to 8 0 T . Regardless o f t r e a tm e n t ,  
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Stolons cut into 3-in, pieces produced many roots and heavy ton-»rowth 
whilst those cut into J-m . pieccs produced few roots and only m  oer renJ 
of the picces rooted. ^

These investigators also studied the rooting o f stems. They fou„H 
t o  young stems rooted best, and that cuttings from near the tips of the 
stems were better m  this respect than those from  lower on the stem Oniv 
1 small percentage o f  the  cuttings from old, m ature, leafless stems formed 
roots. Stem cuttings soaked m  aqeous solutions o f indolebutvric acid at 
twenty-five, fifty, or one h undred  parts per million, for three hours nro- 
duced more roots than  did untreated  controls. ’

S m J k S  and Genetics in 'SoUdago'. T h e  Compositae, to which eoldcn- 
rod (Sthdago) belongs, is the  largest family o f flowering plants. From  the 
standpoint o f rubber, the m ost illustrious m em ber of the family is guayulc 
which has been an  im portan t source o f  commercial rubber, the R usian  
nibber-bearing species o f  Taraxanm  and Scorzonera b e ii^  next in 
importance. N o other m em ber o f the family has ever served as an im­
portant source o f ru b b er; yet Polham us (19=17) reported that, of 568 
analyses of some 131 species o f  Com positae, only seven failed’to show 
nibber. Though only a small p roportion  o f the  numerous species belonging 
to the Compositae have been analysed for rubber, it is a fairly safe assump­
tion that all m em bers o f  this fam ily synthesize rubber rad e r  suitable 
circumstajiccs.

Variaiion m Goldenrod. T h e  goldenrods are perennial herbs occur- 
M g mostly in N o rth  Am erica, b u t with a few reported from South 
Am en^, Eurasia, and one from  the Azores. Fernald (1950) states: ‘M -  
dugo, like Aster, is one o f  our m ost difficult genera. Natural hybridization 
frequently occurs and th e  species are also highly plastic. For proper 
stu y t L L L  S P E C IM E N S  showing subterranean parts and basal leaves, 
as well as the whole flowering stem , are essential.’

Goodwm (1945) has m ade detailed studies o f Solidago sempervirens 
n  th is species as it occurs in the northern part o f  its

nge m New England witli m aterial from  the southern part of its range 
pen ^ ^ " ‘̂ ’zation studies, he has attem pted to determine the
I  cs Qiflerentiating the various m orphological forms. For purposes of 

rapanson he also included S . rugosa and hvbrids benveen the t\vo species 
a W geographical variants o f  5 , sempercirem. He found that
thet^^ "^niber o f  genes w ere involved in  the differenriation bet^^^een 
accou °  ^ com paratively small num ber o f genes could

differences in the geographical variants o f the one

in 'Solidiigo leavenwofthii'. Solidago leaven '̂ 
possible -̂ species o f  goldenrod th at has been studied as a

^ species o f lim ited distribution in Florida, 
c i i h i v a v a r i a b i l i t ) '  than  the m ore widely distributed species.

’Oil at Deksville, M arj'land , its growth was only fair, and it did



nol over-K inter well. A t this place, its yield o f  leaves and rubber-coratui 
were inf erior t o  those cif m ore widely d istribu ted  species w ith  which it «a K  
compared. I ts  growth in South  Carolina, Georgia, M ississippi, Ijiuisia^ ■  
New iMexicu, and Southern California was good. In  all respccts ii I, P  
characterized as a southern  plant n o t  adapted to survive severe wiat, I 
co nd itio rL S . r

In  tlie beginning, the selection o f individual seedlings on the basisc( 1 
comparative perform ance was relied upo n  for the developm ent of supcriot L 
strains o f  goldcnrod. Seedlings were selected on  the basis o f growth-tiT,, ! 
rubber-content, and yield o f rubber. Individual plants that had ban '  
found to have superior am ounts o f ru b b er were propagated hy means of ! 
stolon shoots and stolon cuttings, and com pared in row plantings. Thost ! 
that proved outstanding were increased and com pared in replicated blocks. ! 
In  re-selecting among the seedling progeny o f prior selections, the scedlinjs i 
were planted in  rows alternating w ith stolon shoots from the niothn 
strain. Only those seedlings were selected for increase whose yield «is w 
equal to the m ean o f the parent stra in  plus twice its standard crror-ii /  
other words, seedlings that were significantly be tte r than  the mean of ihe j 
clonni plants o f the parent strain.

C ontinued selection resulted in negligible fu rther improvement after i 
the prim ary selection had been m ade and proved. I t  \ \  as not possible to j  

select plants that combined factors for h igh !eaf-vield with those fur high 
rubber-content. A  breeding program m e was therefore initiated to sejre- i 
gate and purify the  characters for leaf-yield and percentage o f  rubber, and | 
then  combine them  by hybridization. Interspecific hybridization had not | 
proved of im portance in  the im provem ent o f yield in goldenrotl, and mis | 
not considered a promising m ethod o f crop im provem ent.

The Flowers of'SoUdago Icavemvorihii'. 'I'he flower-head of SolUiil  ̂
leavcnm rihii is approxim ately seven to nine m illimetres h)iig and tw 
m illimeters wide, and norm ally contains from  ten  to tw elve disk tloreK 
and from fifteen to eighteen ray florets. T h e  ray florets are pistillate an 
open one or t\vo days ahead o f the first disk florets. T h e  disk florets ate 
perfect and open over a period of three or four days at a rate ul two 
per day. ..

A t Savannah, Georgia, if  w eather conditions arc normal, the dis 
florets open at about 9 a.m. As soon as the corolla is open, the st) * 
begins to  elongate rapidly, and at this stage tif developm ent tlie stigma 
is surrounded by the anthers which arc attached to each other in the 
of a sheath or envelope that is closed at the apex. 'I'he elongating '  
carries ihe anther envelope upwards until both stigma and anthers 
extruded considerably beyond the corolla tube. Between 11 a.m. and i- 
noon, the apex o f the anther envelope opens, and a mass ot poÛ ^̂  
pushed out by the continued elongation o f the style. As so(m as the 
is shed, the filaments slowly retract and the anthers are partially withdraw" 
into the corolla tube, leaving the stigma fully exposed.



The Stigm a lobes gradually spread apart to expose their receptive 
mncr surfaces. F or the  first day or two, the lobes remain a>nnuent at the 
extreme apex, while separated below to provide an entrance for the pollen 
However, if  pollination does not take place promptly, the lobes spread 
farther apart until they arc no longer touching at the apex. No studies 
were made to determ ine the optim um  stage o f receptivit)- of the stigmas, 
but these rem ain turgid and apparently  receptive for as long as two weeks 
if pollination does not occur.

Hand-Potlination. H and-pollinatitin in goldcniod is slow and tedious, 
because o f the small size o f  the flowers and the difficult)- in emasculation. 
The manual operations were facilitated, in many cases’ by transplanting 
to pots in the greenhouse, where the operations could be performed 
more readily and where it was easier to control the spread of unwanted 
pollen. Here it was possible to provide protective covers consisting of 
cheesecloth on  a wire fram e th at could be suspended over the plants. 
These covers, equipped w ith pulleys and counter-weights could be raised 
or lowered at will w ith m inim um  loss o f time during the pollination 
period which, because o f  the normal behaviour o f the flowers, was limited 
to about two hours in each day.

The tiny size o f the flowers m ade emasculation prior to opening im- , 
possible. T he  m ost successful m ethod of emasculation devised was by 
washing the pollen away with a fine stream  o f water from a hvpodermic 
needle, appropriately m ounted  so th at water under pressure could be 
made available by the use o f a  suitable foot valve, leaving the hands free 
for manipulating the stream  o f water and the flower-head. Because of the 
habit of goldenrod o f opening only a few florets per head each day, it was 
nccessary to  wash away the pollen daily for up to four days.

Goldenrod as a Source o f  Rubber

Great difliculty was experienced during W orld W ar II in developing 
methods of han. esting the leaves o f  golderu'od and e.\tracting the rubber in 
a condition suitable for comm ercial utilization. T h e  specific qualities 
of goldenrod rubber were determ ined in experimental small-scale tests.
A sufficient quantit)' o f  the  rubber was produced to make it possible to 
conduct factor>--t>-pe evaluation studies. M ethods o f fabrication were 
>'(irked out, and factory tests were m ade in a commercial factory utilizing 
gwucnrod rubber furnished by the S outhern  Regional Research Labora- 
'or\- of the Bureau o f  A gricultural and Industrial Engineering (now the 
j^ ieujtural U tilization Service) o f the U nited States D epartm ent of

The impossibility o f  quickly developing .'fficient methods o f growing 
^ harvesting the leaves in an acceptable

^ u n cr, led to the closing out o f  the goldenrod work before definitive 
obtained on  the producti(m  problems. I t was demoastrated 

'^bber o f usable qualit}' could be produced from goldenrod, but it



m u c r W g C  t h L  that « f producing either 
rabber, and there was no p ro sp e a  th at the  cost could be redvi«J 

^ i g h  for peacc-time use.

ScnnzoNESA

Sukkr-Btam s S/neks ef'Scorzotina’
The S « « o n eras  of mid-Asia are extremely vanable m leaf typ,. 

BTo»th habit, and amtual gro»th-rh> thn . b u t nnUkc the speaes rf 
r jr« a f« io  all these - te r n  species o f Scorzsmra have appreaaW c comenis 
of rubber i i d  s o  eral are potential sources o f rubber T h e  chief nibbtr- 
beaiins Scoi2oneras arc tau-saghj-z, usually referred to botaniaUy jj 

tau-saikyz Lipsch. & Bosse, and tete-saghyz, S . acamhodii,

'^ p s h i t z  (1932) Usts a num ber o f Asiatic rubber-bearing species rf 
Sm zm fra. In  addition to  S . tau-sagkyz and S , a c M h d a d d , Lipshitt 
Use S . luTbHania Franch. and 5 . racnruna Franch. (grouped togtthti 
because o f  their close association in  native stands), S . i i r j j i j  DC, 
S . ik ta k sta  Turcz., S . hism ricM  C W in il .,  S . mbi-riulis Bonge, and 
S . iTiifafegon/iides Regel & SchmaSh. s.l.

U teunij (1951) treats tau-«agh>T: as including se> eral closely illid 
spedesofSfWiSoiKruaud lists the fi\e  ch ief form s as 5 . M.Kult,
S . tm ite  M .Kult., S . I m ^ y z  Lipsch. & Bosse. S . tp p t i M-Koli, 
m d  S, M K u lt. !n  addition, he lists the  t}-pes -Macagoiii’ aiii
■JiKtzkii' o f  S. taa-Kigiyz. T h e  specific form s listed he d;trermnj!S : 
<n t i e  lasis  o f  variation in leaves, pedicels, fiower-head.?, £■: r J  eiivelopes. 
seeds, pappus, and latex. All o f these are k n o » n  l.xaUv as taa-sajhi-z. mi 
ail aie restriaed  to a  limited area in  the  K a ra -T iu  ’.r. the Tim
Sbaa Range.

Tm ns^iyz

S^-mmrra Un-safkjz  L ipsdi. &; Basse is j r .  ■Trr'irar.t R^BSiin lubbtl- 
beuimc p te u  beioogtng to the  family G im p o srae , jr .d  ru ;- ?• 5a:t!iy tan 
d r  iW in- to n x u m u iu e  » higher ctm ctntnn-.-- f  - ; r >  
p b a t  m  the tvurld. O m in ly  o n k  gm vule  c in  S: 
s a h y i  ia  percentass a m ccn ia tio o  o f rubber. i_-j 
pm  cfcsily out in  Irom , » « h  - ■I'T” '*
rebhei R pnited  by kuW ssov ( i i i j j l

1» m iay  n e a n e ts ,  considOTMe dificvin- h i i
p n m s  t»o«jhy7. esnbtished, and a peri,>a c4‘ - r  : ^ ^  " '* S  
far t!>e»uiimum»cramuUlionnf rubber. Bmh :!' ' o s

bccsw isoR ant eo nsije ra iinnsin  Rois;^-. r r .  ”
b * - s ^ y T .w h id i« i ip n > J u c e  jo v > p < ^ re b b e r  ; r  i x r ;  ;
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comparatively easy to establish. 1 ’he rubber from tau-saghyz is reptjrted

o f kok- and krim -saghyz, tau-sagh>T! is a root crop. The 
^ords of high rubbcr-content are o f  rubber from  the root, since the 
jcriiii portionii of the plant have only small amounts of rubber. As with 
the other Russian roo t-rubber crops, the entire plant m ust be ploughed 

at harvest time and the crop m ust then  be replanted. I t  has been re­
ported that krim -saghyz w ill regenerate itself from  roots left in the ground 
if rhis is not ploughed to a depth  o f  m ore than some 8 in., although there 
is no record that .similar regeneration can be expected of tau-sagh)-? after 
harvest.

Teh-saghyz

Smzofmra acanthodada Franch. is known as teke-saghy-z and has 
received attention as a possible source of rubber. Like tau-sagh)~z, it 

its highest concentration o f rubber in the roots. Teke-saghyz has been 
exploited as a wild source o f rubber b ut has not been cultivated extensively. 
It is a poor seeder and, in  nature , probably depends more on vegetative 
spread tlian on propagation by seed. T h e  rubber o f teke^agh}*z is similar 
to that from tau-saghyz and is o f high qualit>'. Perhaps no other group of 
pknts has a higher proportion  o f prom ising rubber-bearing plants than 
the Asiatic species o f  Scorzonern, all o f which appear to form rubber in 
appreciable amounts. T hese  species are distributed over a large area in the 
Ural Mountains region. T hey  present a wide variation in growth and 
«getaiive characteristics th at ofl'ers hope o f a si^ifican.t improvement, 
through selecting and recom bining the best factors for high vield of roots 
and high percentage o f rubber.

Tau-saghyz in Nature 

Tau-saghyz is found in  nature  at elevations of from 500 to i , i ( »  metres, 
llie winters o f its native habitat are long, and the summer period is short 
and extremely dr>'. T h e  annual growing-season is hmitcd to some three 
months (April, M ay, and June), and the leaves o f the plants may often be 
ojpped by frost as late as in  May.

The annual rainfall am ounts to some 350 mm., and about half of this 
comes in the spring m onths from  M arch to May. T he rest of the rainfall 
wmes in the autum n and winter. T h e  m onth o f July is normally rainless 
ind^is characterized by high w n d s  and a m ean tem perature of around

Tau-saghyz plants initiate growth in April, normally tlower in May, and 
s«d m June. T h e  dry, w indy w eather o f Ju ly  causes the plants to enter
* P«iod of dorm ancy th a t is usually not interrupted until the following 

In  cultivation, there is a great variation in the growth response of 
P ^ t s .  T h u s  under som e conditions there is no rest period 

plants may continue grow th throughout the year, whereas in



otl\cr cases the normal summer dormancy is followed b)- ;i 
renewed growth in tht- aucumii. T o  some extent these growth r>-pcs atg 
related to the climatic conditions encountered in cultivation, but variations 
in growth-rcsponse at a single place have been attributed to differences iti 
the origin of the seed.

Tehe-saghyz in Nature
Teke-saghyz is found at elevations of from 2,200 to 3,900 metres, the 

majority of pianis being found at elevations of 2,500 Ui 3,200 metres. 
Winter temperatures in its natural habitat range around freezing, and 
summer temperatures have a mean ot only some 68''!'. T he rainfall 
amounts to about 400 mm. anniially and 80 per cent o f this comes in the 
winter and early spring. M ost of the rem ainder comes towards the end of 
the summer and in the autumn.

The growth of tcke-saghyz normally starts in  the middle of June; 
flowering takes place in Julv, and seeding occurs in August. Tcke-saghyz 
blooms initially in its second or third year, and natiiral stands of around
2,000 plants per 100 square metres are considered normal.

Origin and Occurrence o f  Latex Ih sels in Tnu-saghyz

Baranova (1935) has furnished detailed inform ation on the origin 
and occurrence o f latex vessels in tau-saghyz. T h e  latex-vessel system is 
comparable to that of kok-saghyz in that it consists o f an articulated svs- 
tem developed by the fusion of adjacent walls o f individual cells to form a 
continuous network. T he latex vessels are found prim arily in the phloem 
tissue, and anastomose to form laty cylinders around the stele of the 
plant. The new vessels originate m the cambial region, and new networks 
are formed contmuously during the growing-season throughout the life 
of the plant. T he annual sloughing of the rool-bark (such as has been 
reported as characteristic of kok-saghyz) has not been reported for tau- 
sagh>'z, and this may account for the higher accum ulation of rubber finmd 
m  tau-saghyz. T he plant is perennial and may continue storing rubber 
for many years, as is the case with guavijle.

A s c l h i-ia s

The Milk-meeds

Asclepiui is a genus of originally American and African herb?; that arc 
now widely scattered throughout the tem perate zones of the uorld. Thcv 
r  V f  ;■? fr<-*«hly abandoned fields, in open woods, in swampv areas 
bo h  brack,sh and f c h ) ,  plains and prair.cs, and in h»t, drv'. scn.i- 

rh e  members o f this (jm us arc gcni-rallv kra.«n 
A.sclepiadaci.ac and riuis arc closdy 

w S .  r T  •' " f ™ b b c r - b c a r i n R  plants, chicfrf
which ,s the Cryp,o„egia rubber vine of M adagascar.
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m  plans ,,,, ; ;  - ;  _
h.irti >;pra\.



. ^ tw e e d s  are characterized by  an abundance o f latex that has 
b n of interest as a possible source of rubber. A  ‘milkweed’, not 

^^'dcntified, was investigated and found to contain rubber in Russia 
eishteenth centurv. M any individuals in the United States tried 

htaiii rubber from  inilkweeds during the nineteenth and nventieth 
*° 'Juries W hiting (1943) contributed a valuable bibliographical suri-cy 
T ihc  information available on miHiweeds v i th  respect to their possible 

efor rubber, fibre, and  other purposes. From  the standpoint of possible 
® iL,r production in  the U nited States, the most valuable contributions 

those of Fox (t< ji2 .i), H-i'l & Beckett & S titt (.935),
aid Beckett e( a/. (1938)- . . .

Milkweed has not become a commercial sourcc ol rubber, thougn the 
above investiaators were able to dcmotLstratc that appreciable amounts of 
r u b b e r  could"be produced from it under cultivation. There has also been 
much interest in m ilhvced as a possible sourcc of other industrial pri.ducts 
such as fibre, cellulose for paper making, and oil. During \ \  urW \ \  ar II, 
considerable quantities o f the secd-lloss were collected in the U nited States 
to replace the unobtainable kapok.

The Deserl M ilH 'eeds
Hall & Long (1921) studied the rubber-content of wiki plants of the 

ivestem species o f  m ilkweed and found that A ukp un subuhMj Dccne. 
» isthe  most prom isine. Beckett & S titt (1935) studied this desert species 
under cultivation (Plat'c 2 i ( j) )  and reported about the same range ot rub- 
ber-contems in the plants (o '5  to 6 -o per Cent) as that reported by Hall & 
Long (0-8 to 6-5 per cent) for wild plants. Beckett ,■( al. (193S) studied the 
rubber-content o f a second desert milkweed, . 1. eraiu T orr., in which 
Hall & Long reported only a lo« rubber-content of 1-54 per cent in the 
leaves and 0-48 per cent in  the stems. Beckett i-( al. reported rubber 
coatcnts in the leaves o f A . erosu ranging fm m  2-45 ro per v.cnt o 
the dry-weight— the highest reported for any species o f mdk\vced.

\iscleptas subiilatu'
A.<ckpks m bu lM  Dccne. is a perennial herb w ith nunterous rush-like 

Stems arising from  a central crown near the surface of the groun ^c . 
Plate 21 (i )̂ and (b)). T h e  voting stems are dark green, b rer bccommg v  <h' > 
at the base, and acquiring a greyish-white blotmi at maturit\;. I he mature 
stems are from  a quarter- to half-an-inch in diameter and from  2 to . 
in height, tapering only slightly from  the base to the apex, i  he leaves, 
which are short and slender, are produced only on young stenrs an s 100 s 
and arc retained for a comparatively short period. 'I'he lUmcrs are green- 
ish-yeUow and are arranged in um bels at the lips of the stems. 1 he slcnUer, 
tapering seed-pods are f^rom 4 to 6 in. lung and, when ripe, spht _ah>ng one 
side, allowing the seeds, each o f nn hich bears a pappus ot stirt, silkv nairsv, 
to be scattered bv the wind.



Geographicul Dismhtion. T he  geographiail distribution o f As h- 
stfhukla extends over a wide area—fm m  southern Nevada in the i! 
to the southern end of Baja Q lifo n iia , and Sonora, Mexico j 
from southeastern Arizona westwards to the Coastal Range of south 
Caiifomia. "*

Within its natural range, A . subulau is usually confined to dn- stn 
stream-bcds where the water runs after the infrequent rains, and 7  
the deptesions on mesas, where the water accum ulates and remains fo ° 
short period after rains. Occasionally, plants are found on barren hV 
slopes (Plate 2 t(i)). In  depressions where the soil is fairlv fertile iheDlalt.' 
are considerably larger than those on  the hill-slopes. T he largest comin 
u.,us s tm d re ^ r te d  by Beckett & S titt ( ,935) started some thirteen mife 
south o f San Luis, Sonora, Mcxico, and continued for some ^5 miles to 
the O ulf of Califoriua.

The areas m  which A. suhdata grows most abundantly  are subiect to 
wide ranges of tem perature and rainfall. W inter tem peratures below 
reezing are common, and summ er tem peratures m av exceed n o T

^ n u a l  by Beckett & S titt, show an
annual range in temperature at Yuma, Arizona, o f from  22= to 120T

’ 5 ° “  " 9 ”F. T hese temperatures a .

A e ?  “ ■ “ P " “" '  “f  '-ears, aad
A e mean rainfall at M esa was 8-65 in. over a period o f thirty-three y’eats,

'Asckptas erosd'

a s u a 1 l f f t o t r r a T t “" ’ P 7 ™ “ ‘ herb with stout, upright stems 
are numerous sometimes reaching 6 ft. The stems

are o Z ™ r a n 7 oen T>’>=
and p u b S L t  t h e ^  P T ’ ovate or lanceolate,
na tu re  leaves are from ™to e'-ibrous when mature. The
base, being ver^ a b Z -  -  ?
retained until autiunn. The fin . ^  iirc usually
and are borne in nmK i i cream-colourcd or "rccnish.

and tJiis permits the seeds to b e i m t ’ **"' i '
about i  in. lone and 4 ir, . ' j  “  ? by the wind. T he seeds arc Hat, 

Geographical DktribuUm ' t h  f  “' ' ' ‘y bairs at the hiluni.
is limited to the arid r ' ^ tu r a l  distribution o f Asdepun

States and n o „ h w e s t n t e ^ ^
in Gilifornia, southwards rl, K ern to Inyo Counties
County, eastwards to nrmh ™ ! M ohave D esert to San Diego
Utah. “  " “"b-central Sonora, Mexico, and northwards tn

gravelly stream-brfs"°whCTe^the*^'’' '  “  “  ‘*''y’
’ « t e r  runs for short periods after the
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, ,  raias, and to borrow -pits along highways and railroads. The 
[ were usually found in  scattered ^ o u p s  o f ten  or more. In  one

f  lirv' between Parker and Bouse, Arizona, Beckett et al. reported
rai colonies o f sevent>' to eighty p lants each, occurring in intermittent 
ns along washes caused by a periodic flow of flood waters for a dis- 

S c e o f  3 or 3 miles on cither side o f  the  highway.

propagation o f  Milkweeds
The desert milkweeds are propagated by seed. No difficulty is en­

countered cither in  gathering the seed or in planting and germination. 
\llspecics oiAsclepias a re  perennial, and there is some spreading through 
shoots arising from  rhizom es. In  the desert milkweed, A. subuhta, gro^vth 
consists of num erom  stem s coming from  a large crown. As the plant 
becomes older, m ore and m ore stems are produced. Attempts at vegetative 
propagation, by di\-iding the crowns o f outstanding individuals, were 
unsuccessful. Dividing the crown also proved unsuccessful in  obtaining 
initial increase o f  prom ising wild specimens, though whole plants could 
be transplanted without undue difficult}-.

Rubber in the Milkweeds
All parts o f  the milkweeds contain rubber in the form o f latex con­

tained in vessels th at bleed freely when the  plant is cut or broken. The 
common milkweed, Asclepias syriaca L ., has an abundance of rubber in 
dje leaves, branches, and roots. T h e  highest concentrations reported were 
in the leaves and fruits. In  A . erosa, 50 per cent of the aerial bulk of 
the plant, and a predom inant portion o f the rubber, are contained in the 
laves. In  A . subuhita, the leaves are scarcely more than scales, and cu-e 
unimportant in  the m atter o f  weight o f  the plant or in their contribution 
to die quantit>- o f  rubber. In  this species, the stems are the chief source of 
rubber.

Seasonal Variation in Rubbcr-contcnf
The studies o f R. E. Beckctc and his associates, on the rubber-ccmtenr 

of the desert milkweeds, have contributed signifiaintly to a knowledge of 
the seasonal variation in  the rate  o f  rubber accumulation in the milkweeds. 
As in the case o f  guayule, the  desert milkweeds do not accumulate rubber 
rapidly during the growing-season; bu t w hen the rate o f growth is reduced 
at the end o f the active growing-season, the rate of rubber accumulation 
increases and m axim um  rubbcr-content is found after the start o f dor- 
* ^ c y  at the beginning o f winter.

■ and Selection 
Beckett & S titt (1935) made periodic analyses nf fifteen plants o f 

Aickpias suhulata for four years, the object being to determine the seasonal 
variation in  rubber-content. An examination o f the data indicates that



there was a high correlation in  the performances of the individuj] 
plants at various dates. Those plants with comparatively high nihbcN 
content at any given period, tended to maintain a high level at ail periods 
There was considerable variation, but the possibility o f selecting 
of superior \ield  was demonstrated.

In the sixteen rounds o f analyses made o f these plants, plant number 7 
was highest in rubber content nine tinges, was second three times, and 
tliird, fourth, eighth, and tenth once each. Plant num ber 6 was first 
twice, second twice, third three times, fourth three times, hfth four 
times, sixth once, and seventh once. Plant num ber 14 was first once 
second twice, third six times, fourth oncc, fifth once, sixth three times' 
eighth once, and ninth once. There was more variation at the other end of 
the comparison. Plant num ber i  ranked lowest four rimes and had a highest 
ranking of fifth. Plant num ber 3 ranked lowest m ice, next to lowest five 
times, and had a highest ranking o f seventh. Plant num ber 11 ranked 
lowest four times, but also ranked high once.

Difficulties were experienced in the selection and propagation of 
superior plants. Vegetative propagation proved impossible. The floral 
structure of AscUpias is complex and diiiicult to m anipulate in emascula­
tion and transfer o f  pollen from plant to plant. As in o ther members of the 
Asdepiadaceae, AscUpias produces waxy pollen-masses callcd pollinia 
that facilitate cross-pollination by insects. Hand-pollinaticm  was accom­
plished by the use of a long, slender, hooked needle to remove the pollinia 
from one flower and transfer it to another. Insect pollinatitm was accom­
plished in screen cages when the tarantula hawk, Pepsis fam osa  Sav, a 
large wasp, was introduced as the insect pollinator.



P R O D U C T IO N  O F  RL 'BBER FR O M  HEVEA

M e a s  S u i t a b l e  f o r  H e v e a  R l - b b e r  P l a n t a t i o n s

The selection o f areas suitable fur plantation rubber production (Piatt 
22fs/)) depends prim arily  on the  trio  of factors that controls largc-scale 
farming operations o f all kinds— namely climate, soil, and available 
iabourrSuitable conditions exist in the tropical portions of the Far East, 
and that area has been the main centre for the development of rubber 
cultivation. In  the last few years, however, there has been an increase in 
planting and production in tropical Africa. T here is a ver>  ̂extensive area 
of !and in tropical America that is ideally suited to nibbcr growing, but the 
development o f large plantations has been held back in the past by disease, 
sparsit)'of labour, and governm ental instability.

Clsmic
The climatic requirem ents for the cultivation of H fiea  rubber trees are 

geographically rigid. By tem perature lim itations the culturc of Hrcca is 
restricted to a bolt extending some 20" to 25'' north and south of the 
Equator. However, only a small proportion of the land areas included in 
this broad belt is suitable for rubber cultivation— because ot local varia­
tions in soil, climate, availability' of labour, and traixsportarion facilities.

Teviperatiirc. Hevea will survive occasional temperatures as lov\ as 
freezing-point b u t does not thrive uhere  such low temperatures occur. 
In general, except for local areas where \\eather conditions are extremely 
favourable, tem perature restricts the cultivation ot Bevea  to a band less 
than half the width indicated above and, within this smaller belt, also 
clinunates desert areas where tem peratures are excessive and elevated 
areas where tem peratures are too low.

Rainfall. Hevea requires at least 75 to 80 in. i>t rainfall annually^ 
Double that am ount is no t excessive, if drainage is goiid. In portions of 
the Amiizon Valley, the native Hevea trees are Hooded a n n u a l l y — some­
times for a  considerable period o f  tim e. Flooding on plantations, however, 
may seriously affect growth and decrease yields, or may dn^wn out the 
trees.

Uniform annual distribu tion  o f rainfall is ia\ourable to the gruwth of 
and the production o f  latex. T h e  best growth has been tound m 

areas without a decided dry season: but there are glaring exceptions to
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such 1 tendency, and high 5 « d s  have been obtained ilt Vict-Na,», wha, 
a distinct drj- season may last for as long as four months.

Diurnal variations in rainfall may be as im portan t in rubber cultin, 
tion as seasonal variations. Rain at tapping tim e m  the early morning 
interferes not only m th  the physical process o f tapping but, by wetting 
the bark of the trees, causes the tapping channels and the latex cups lo 
overflow, witli consequent loss of rubber.

Soils
Hrcea has a wide tolerance to different soils. Being a tree crop, the 

workabiIit>' of the soil, as by ploughing and cultivation, is of less per­
manent importance than moisture absorption, moisture-holding capacitv-, 
drainaee, resistance to flooding, and other factors of soil-moisture rek- 
tionsliip. A deep soil is needed to encourage deep penetration of roots, 
Surface rooting, resulting from shallow soils or bad sub-surface drainage, 
is a  major factor in wind damage.

Lahour

From  tlie inception o f planting to the harvest o f the rubber by the 
tapping of the trees, the production o f rubber is largely a m atter of hand 
labour, although labour-saving equipm ent has been adopted wherever 
possible. However, budding and tapping have not been amenable to 
automation. A resident labour population am ounting to an average of 
one laboiu-er for each four acres of rubber is needed,

P l a n t in g

Planting Material

In  general, there are three classes of planting materials that have been 
used in establishing rubber plantings. In  the  order o f iheir hisrorical 
use, these are: ( i)  unselected seeds; (2) budded sn im ps; and (3) clunal 
seeds.

Unselected Seeds. Originally, all plantings o f Ih -ira  were nude 
^ ro u g h  the use of seedlings. The seeds originated first in ihc .Amazon 
"Valley (Wickham’s collection, see p. 25), and were later obtained from 
^ n t in g s  m  the East. A major portion o f over eleven million acrcs of 
^ • e a  *®own to exist in the world consists o f trees from  unsclected seeds 
(Flate 22(^)). On the whole, these plantings are low in yield and extremely 
variable in ^ o w th , bark characteristics, and branching habits. In tlic 
present highly competitive market, these ‘seedling’ trees are being re­
placed by better planting material that has the poteniial o f more tluui
doubling the >ields of rubber.

Budded Shmps. In  the second decade o f the twentieth centurv, the 
h m  successful vegetative propagation o f  H n ra  was m ade through the 
rooting o f cuttmgs. The successfully rooted cuttings were from the stems
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' ung ‘secdliniis’, as branch-w ood from older trees failed lo root. Buds 
( the branches o f  the older trees could, however, be implanted in the 
S o f  VDung ‘seedlings’ to produce budded plants. T h e  budded progeny 
( m  a siriglc bud-m other tree is, horticulturally, a clone.

Qonal plantings are now standard for planting and replanting Hrcea
0 obtain the highest yield and  best performance (Plate 23(i?)). Budded 

trees growth types th at characterize the individual clones and 
d if f e r e n t i a te  them  from  ‘seedlings’. T h e  swelling at the bud-union shows 
that the tree has been budded and makes a point of reference for future 
measurements o f tapping  height and tree growth. T he stem of the clone 
has less taper than  th at o f  a  ‘seedling’, and the bark is less thick.

Cltmal Seeds. Isolated monoclone plantings provide pure seed from 
individual clones. Hand-poUination also has been used to produce cloiul 
seed though the seed-set is poor and the output of the pollinators is low. 
There is considerable variation in the performance of ‘seedlings’ from 
different clones, some showing the high-vieiding character of the mother 
clone whereas others are only slightly better than unselected ‘seedling’ 
tre<s. T hey are far m ore uniform  than unselected ‘seedlings’, though 
somewhat less uniform  than  clonal plantings. Clonal ‘seedlings’ do not 
have the cj'lindrical tran k s th a t characterize clonal plants, and their bark 
is more like that o f ordinary ‘seedlings’, though more uniform.

Buds>ooii Nurseries
Budwood gardens, to  supply  budwood for producing budded stumps, 

should be planted e ither contiguous to, or within a reasonable distance of, 
the rootstock nursery-or the field to be planted (if budding is to be done 
in the field). After the budw ood garden has been establislied, the plants 
arc allowed to develop two to four siioots each, ^^'hen these shoots are
4 to 5 ft. long, they  can be cu t back for budwood, which is usually cut in 
pieces about i yd, in  length. New  shoots are then  allo^^ed to develop, 
to furnish additional budwood.

Rootstock Nurseries
‘Seedlings’ in  the  rootstock nursen,' provide the roots o f  the budded 

trees of the planting. Budded stum ps from  this nursery are transported 
direct to the tield, for transplanting into perm anent positions. T he 
nursery should be located as close to the field as is practicable. T he nursery' 
site is preferably a level area w ith deep, fertile, friable soil. Local shade 
is desirable and, if  none is available, a quick-growing shade crop may be 
useful in the early stages, or artificial shade m.ay be provided until the 
‘seedlings’ are fully established.

Planting distances in the  nursery  are chosen to grow as many plants as 
possible per un it o f  space and, at the same tim e, to provide convenient 
access for weeding, budding , and digging. A planting distance <>f i ft- by 
 ̂ft. witliin beds, with 3 to 4 ft. between beds, has been found satisfactor)’
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for b a s c - b i i d d i n g  under most conditions where there is no necessity fof 
sprav-in? or dusting for disease protection. T w o -n w  beds 3 ft. npart have 
been found superior to tbiir-row beds Avherc the bjuic-buddcd plants arc 
to be ovcr-biiddcd for disease protection. T h e  two-row beds iiave also 
been found superior for the production of base-budded stumps in many 
lodtion-s, since less crowding gives more uniform  grovs th  and facilitates 
btvth budding and digging.

In  many cases, it is necessary to protect the plants in the nursery with 
fungicidcs.'jf hand equipment such ;is that shown in Plate 2i{b) is em­
ployed, the necessit}' for the use o f fungicides need not aflcct the spacing 
in the nursery. However, if  power equipm ent such as that shown in 
Plate 24(4/) is to be used, sufficiently M'ide alleys m ust be left at regubr 
intervals to accommodate the equipment.

P/antffig the Rootstock Nursery
Tlie rootstock nursery is normally prepared for planting by deep 

dicging and forming into carefully levelled, raised beds of appropriate 
width. T he height o f the bed is dictated largely by the local drainage 
conditions. Any chance o f flooding m ust be avoided, and so m ust excessive 
dr>*ing tliat may result from the beds being too high. In  many cases, the 
beds may be planted on the level, as shown in Plate 2^[b).

Planting may be done with either fresh or pre-germ inated seed. Freshly 
harvested seeds start germination within five days, and germination is 
complete within a week to ten days. I f  there is a local source o f fresh seed 
of the quahty and type desired, a high rate o f germ ination m ay be expected. 
After the seedlings are established, the nursery m ust be kept free from 
weeds, and the fertility o f the soil m ust be m aintained at a high level by 
the addition o f nutrients. Avoidance o f injury to the young seedlings by 
the tools used in cuhivation and weeding is im portant, as budding will he 
done in the bark at the base of the seedling, and any injury m ay complicate 
or prevent successful budding.

Planting at Stake

Planting is sometimes done ‘at stake’ by placing fn)m  two to several 
seeds at each permanent planting point in the held. "I'he holes are first 
prepared by digging, back-filling, and staking. T h e  seeds are planted at 
cach site, and as the seedlings grow the poorer plants are eliminated until 
oiJy two seedlings remain at each position. T h e  better t)f the two seedlinirs 
IS budded and, if the bud takes, the other seedling can be removed at the 
time the budded seedling is cut back. I f  tiie bud fails to rake on the lirsl 
^edling, the second seedling can be budded on the next budding round.
I  his method of planting eliminates the nursery^ and transplanting but 
increases field upkeep, and there is greater danger from browsing animals

j  disease protection are greatlv increased in such
neld-buddmg.



>Jurscry seedlings can be bud-grafted after they reach the size of a 
pencil. T h ey  should be budded before they reach a diameter of 

T n at ground level. B ud-grafting at such an early age is more difficult, 
couiring a higher degree o f  skill, than  grafting later on, when the seedling 

j. A high percentage o f  success is possible a t the early age, however, 
the transportation o f the budded  stum ps to the field in  transplanting

• nrucli easier and less costly than  in the case o f  the larger stumps.
 ̂ The Budding Operation. T h e  budding operation involves making, 
in the bark o f  the seedling, a  cu t shaped like an inverted, square-shouldered 
(j This cut is m ade as near to  the ground as possible. An axillary bud 
from a stick of budwood from  the  selected clone is then cut (Plate 25(a)), 
the cutting being deep enough to  include a th in  sliver of wood with the 
bud. This bud-patch is trim m ed to fit the openii^? in the bark a t the b ^ e  
of the seedling th at will be m ade by peeling back the bark that has been 
cut open. For larger seedlings, the fit may be loose; but in the small 
seedlings the patch should exactly fit the cut.

The bark on  the  rootstock is then  peeled back, the wood sliver is 
removed from the bud-patch  (Plate 25(^)), and the bud-patch is placed 
against the exposed cam bium  o f the rootstock without sliding and is then 
held firmly to avoid m ovem ent until it can be tied in place. T h e  bark of the 
rootstock that has been peeled back (the flap) is smoothed back over the 
inserted bud-patch. I t  is th en  tied in  place with a convenient binding, such 
as the par.iffined cloth bandage shown in  Plate 25(f). A banana- or palm- 
leal' shade may be tied loosely over the patch to shade it from the sun.

Opening. After about three weeks, the bandages are removed and the 
patch is inspected. A  green, ‘five’ colour o f the patch indicates ‘take’, 
while a brown, shrivelled appearance indicates failure. T he flap o f the 
rootstock can be cu t off at th is  time.

Culling Back. A week to  ten  days after opening, a second inspection 
is made of the  bud-patch . T h e  tops o f all young budded trees with success­
ful bud-patches can then  be cut back to ‘force’ the new buds to grow, or 
such trees can be held in  the nurser>' w ithout cutting back until they 
are ready for planting. C u tting  back involves removing the top of the 
rootstock to w ithin about an inch  o f the bud-patch (Plate 26). U nder 
favourable conditions, the  new bu d  will begin to swell and start p o w th  
^vithin a week to ten  days. T h is  is the ideal time for transplanting the 
Wdded stum p to the field.

Over-budding. In  the Americas, a  s}^stem o f over-budding (also known 
top- or crow n-budding) is used to produce a tree with disease-resistant 

foliage. Such trees consist o f  seedling rootstocks, intermediate high- 
>’ielding stems for the tapping-panels for rubber production, and disease- 
J'wistant tops. O ver-budding  a t a height o f 6 to 8 ft. above the lower 
Dud-union can be done in  the  nursery  before the tree is transplanted to 

field, or in the  field after transplanting. In  most cases, it is considered



preferable to ovcr-bud in the nurscr)', as this simplifies fungicidal pro. 
tection of the high-yielding but diseasc-siisccptiblo ‘panel’ clone until 
its foliage can be replaced with that o f the disease-resistant clone.

The'over-budding operation (Plates 37(a), and 28(a)) is similar 10 
that described for the basc-budding, except th at the  cut in the bark of itj 
high-j-ielding scion is made in the form  of an upright U. The invcrtej 
cut employed in the rootstock facilitates inserting tlie bud from above 
while the upright cut made in the top-w orking operation facilitate 
insertion of the bud from below— as is necessary in budding above head- 
level,

Transplanting

The finnl nursery operation is the digging up  o f  the budded stump or 
over-budded three-coinponent tree which, in its tu rn , has been cur back 
to witliin a short distance of the top bud (Plate 28(^’)). In  cutting back a 
top-w’orked tree, it is often rcconimended that a sa ib  iVom 3 to 4 in. long 
be left above the bud-patch to serve as a support tu which the tender nê v 
shoot may be tied until it becomes sufficienth' sturdy to resist \\ ind damage.

The digging, transpiandng, field preparation, and all other dciails'of 
field establishment, follow practices well known to skilled nurserymen, 
and are quite similar to methods followed in the estabiishm ent of odier 
tree crops.

Operations Required in Planting

A complete lexicon has been developed that categorizes ail of the 
operations of planting and simplilies their orderly  arrangement--frum 
budtUng, opening, cutting back, and digging in the nursery, to cleanng, 
burning, terracing, lining, holing, back-filling, transplanting, prunins, 
supp ling , and slashing in the field. T hese term s all designate f.pcratioiis 
that have been worked out to give maxim um  efficiency in the establish- 
ment ot a rubber planting.

Local cu jo m s  vary, and there is some difference in the performance of 
R follows:

anotlTer implarning a bud from  one tree into the b;irk of

in sw ^ H n n ^ 'f  b in d in g s  o n  th e  n e w  b iidd iuG :, a n d  iirst
in sp e c tio n  to r  b u d d in g  su c c e ss .

of the o f  the rootstock or, in uvcr-budding,
"^P '^n ted  bud to grow. 

Plants nmv Kp a  ̂ plants for traasplanting  to the field,
row of nlanfi t n T  Ij^dividually, or a trench may be dug along an entire 
the tap-root k  n Jiftmg. Side roots arc pruned to 4 10 () in. and

new buds have s^rLd^'tn
developed. Such sprouts a r ^  excessively long sprouts have

P ts art, tender and easily broken off in handling.



Clearm- T h e  rem oval o f trees and brush before planting. In  some 
^^cs, particularly in replanting, the roots o f  the old trees arc dug up to 
avoid early incidence o f root disease, and the fallen timber and brush is 
piled in the alleys o f  the new planting—either for burning or to be left to

 ̂ Bnmng. T h e  destruction o f  fallen tim ber and brush by burning. 
Timber pilled betw een the row s o f rubber rots quickly but, in  the mean- 
rinic, is a harbouring place for insccts and rodents that attack the rubber 
trees- Burning, to  be effective, m ust be delayed until towards the end of 
the drv season, to allow the tim ber to  dry out as much as possible.

Tracin g. T h e  construction o f  terraces for hill-side planting. The 
terraccs vary from  shallow contour trenches to elaborately constructed 
shelves with the outer edges raised to avoid erosion. They slope laterally 
inwards. T he longitudiiial slope of the terraccs is very gradual, and long 
terraces are furnished with drainage points and silt pits to control erosion.

Lining. T he laying out o f planting lines and staking of planting points.
Holing. T h e  digging o f planting holes about i ft. square and at least 

i8 in. deep.
Back-filling. Refilling the planting holes with rich top-soil.
Triinsplanling. T ransfer o f the dug plant from the nursery, and re­

planting it at its perm anent location in the field. T he root-crown should 
not be lower in the new ground than  it was in the nursery, and the soil 
should be tam ped carefully around the root of the stump.

Pruning. Removal o f  rootstock shoots, excessive scion shoots, and low 
branches. Care m ust be taken to ensure that only one shoot develops and 
that it comes from  the scion bud and not from the rootstock. All branches 
that start below a height o f 8 ft. should be removed.

Supplying. Replacing plants that fail to grow after transplanting. 
From few to m any o f the budded stum ps transplanted to the field fail 
to grow, while later on  there  are apt to be further deaths of plants in the 
field. Until the planting has become fully established, vacant planting 
positions a m  be supplied w ith new budded stum ps, and it may be con­
fidently expccted th at they  will get along as well as those successfully 
established in the first transplanting. After tM'o years, however, it is not 
possible to replant every position, as the young plants will be unable to 
compete with the larger plants. In  cases where three adjacent planting 
petitions are vacant in  such plantings, it is often possible and desirable 
to replant the  m iddle position. I f  a sizeable area of mature or nearly 
niature trees is destroyed by w ind or other influence, it is possible to 
supply a larger num ber o f  the vacant]positions, thoughjthe competition of 
the older trees around  the m argin  o f the area to be supplied m ust be 
taken into account.

Slashing. Control o f natural or planted covcrs by cutting them back 
above ground. Clean-w eeding is no longer considered desirable, except 

^ narrow ring  around the tree. T h is  ring may be mulched with dried 

185



m s s  or other vegetable mlterial, which acts not only as a source o f humus 
h i t  also to reduce the reflection o f heat that often, particularly with 
coloured soils, causes damage to the bark o f the tree on the side towari 
tJic sun. Natural covcr of spontaneous origin m ay be allowed to develop, 
or cover-crops may be planted. It is necessary to make regular rounds to 
slash these covers and keep them  under control. I t  is also essential lo 
make careful inspection of the trees and to remove any ‘vines’ that start 
climbing.

Planting Arrangement
Planting Density. Tradirionally, the layout o f  a rubber planration is a 

regular square or triangular pattern, though unequal spacings, with wide 
alleys bet^-een closely spaced trees, are often favoured. These plantings 
may consist either of single rows of trees, with a planting distance of lo 
ft. or less between trees in the row, or a two-row planting such as one 
having rows lo  ft. apart with trees planted lo  ft apart in  the row. .\lley 
widths o f from 30 to 90 ft. have been suggested, these wider spaces 
being used for intercrops.

Advantages o f  Unequal Spacings. T here  are m any advantages o f  

unequal spacing. T he  produCTion o f catch-crops, intercrops, and cover- 
crops is facihtated, as is the use of heav)' farm equipm ent. Aeration and 
sanitation of the plantation is much better. T h e  developm ent o f  the tree 
crowns is superior, as the croMTis can grow much larger before cnnvding 
the broad alley's—in spite of inevitable crowding within the row. Chviiers 
of large estates are little interested in the production of catch-crops, and 
hardly more in the planting of intercrops. Small producers anil plantatidns 
of moderate size, however, find that catch-crops can repay a significant 
portion of the planting costs during the several years that such crops can 
be raised between the rubber trees, prior to the closing in o f  the alleys. 
Permanent intercrops such as coffee and c a c a o  are attractive h e d g e s  fur 

the one-crop plantation, and these crops benefit from  the shade o f  die 
rubber trees.

Timing o f  Operations

 ̂ Seasonal Change in the Tropics. Planning o f agricultural o p e r a t io n s  

m the tropics, where there is onlv a small seasonal variation in temperature, 
must take mto account primarily the annual total and s e a s o n a l  N a r ia i i - n  

m ra m fa l. In  rubber planting, two or three rainy seasons a r e  r e q u i r e d  for 

the impal plantmg aiid propagation o f the clonal material, the p l a n i  ing " f  

nurseries, base-budding of the seedlings and, in the case o f clones t liar need 
to e protected from disease by over-budding, lop-workiny in the n u r s e r y  

DCTore transplantmg. T he timing o f the final operation o f  t n m s n l a n i i n ?  

IS particularly important m relation to the rainv season.
the p l a n t i n g s  is d ic i-A tc a  by
the seedmg season that .s, in genera!, from August to October n o r i h  o f
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(() The covcr should be resistant to drought, disease, and pests.
(/)  Should be 3 good competitor and able to resist and suppress weed 

gro'«'th.
(g) Should be easily eradicated when required.
(A) Should be suitable for land reclamaiion and rcaftbrestadon.
(i) Should nor form products which are toxic to the m ain crop (grasses 

are noted for this bad characteristic).
A single plant combining all or even a major portion o f  these qualities 

will be hard to find. Few plants are tolerant equally o f shade and sun and, 
at the same time, highly competitive with o ther plants under both con’ 
ditions, yet easily eradicated when required. I t  is necessar)^ to content 
oneself with somewhat less than perfection, or to attain  some degree of 
success by planting two or more covers (not necessarily at the same time) 
to meet varying conditions. For instance, Ptierarid phaseoloidesy one of the 
most popular of all cover-crops, is highly tolerant o f  sun and is particularlv 
valuable as a cover in new plantings (Plate 3i(</)). It is a vigorous com­
petitor and drags down all competing weeds (Plates io{b) and 3i(i)) and 
even trees, including rubber itself if the cover is not controlled. However, 
Pueraria is not tolerant of shade, and m ust be replaced bv a more shade- 
tolerant plant when the tree crowns come together. W ide alleys provide 
conditioas suitable for Pueraria for several years longer than  is the case 
with planting systems giving equal distances w ithin and between nws.

Natural ground-covers such as th at shown in Plate 32 arc useful if 
kept under control, but most o f  the ground-covering plants that have been 
used are legumes. T he pow'er o f fixation o f nitrogen is considtrc-d n 
desirable character of these latter, and im provement o f the soil is next 
in importance to erosion control. According to Young (1955), the im­
portant cover-crops in Ceylon are Caiopogonium mucunoidcs (a creeping or 
climbing legume), Centrosema pubescens (a creeper or climber), Di'smoiliiim 
malifolium (a semi-prostrate legume). Mimosa inermis (said to be a thorn­
less varietT,̂  o f M . invisa, and having a prostrate habit), Psoiii/wcurpus 
palustris (a creeper or climbcr), Pueraria phaseolvides (a vigorous crcepcr), 
^lylolhanthesgracilis (a semi-erect plant), Crotahma aiiagjroidcs (an erccr, 
tall-^ow m g annual), Fleyningia congesta (an erect, much-branclK-d plant 
shm b)^  ^ Candida (a strong-grow in- hardy

Nutrition

‘' “ igncd to ensure that as im m  ef ihc 

" ' i f " " ' ’''-'
A suital bark that will slip casilv in the buddini: (tpLTarion.
L w ?  T  P «  square m etre would be: a sind=

" T  p h ^ p h a tc  (25 to 28 per cent 40 to 45
(20 to T , m T ' «f 5  gro. each o f amm onium  sulplwte
'  N J ,  and 5 gm. either o f double superphosphate (36 to
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.  per ccnt W s )  am m onm m  phosphate (16-5 per cent N^, 20 per 
i n f  F A )*  deficient in  potash, 3 gm. of m uriate of
^tash  shovild also be added w hen the nitrogen fertilizer is applied.

In the field, fertilizer is applied on an individual tree basis. The 
foilottisig rates are characteristic: a t i m onth and 6 months after trans­
planting:̂  24 o f am m onium  phosphate each; at i and i i  years^ 50 gm, 
I!t'thc Kitne salt; at 2  and years, 100 gm .; at 3 and 3i  years, 200 gm.; 
and at 4 and 4^ years, 250 gm. I f  the soil is deficient in potash, muriate 
of potash may be added at the following rates: at i m onth and 6 months, 
12-5 gm-;  ̂ 1* years, 25 gm .; at 2 and 2 I  years, 50 gm .; at 3 and

years, 100 gm .; and at 4 and 4 J  years, 125 gm.
'  ’ In old plantings, the use o f rock phosphate has been recommended 
for improving the growth o f the  cover-crops as well as for maintaining the 
vigour of the rubber trees and prom oting the renewal of bark of trees in 
tap. Fertilizers containing potassium  are used where it has been deter­
mined that the soil is deficient in  potassium.

Disease and Pest Control
The control o f diseases and pests is an important function of estate 

management. M any diseases attack Hevea, bu t the majorit}* of them are of 
minor importance as they  are restricted in spread, lead to little mortality', 
and require little in the way o f control. Several have seriously affected 
stands of lievea  in localized areas, and a few have resulted in epidemics of 
serious proportions. Pest damage has proved serious in some localities 
and has required control m easures, bu t has not proved a limiting factor 
in rubber cultivation. Diseases o f the Hevea rubber tree, and the chief 
pests that have been encountered in the F ar East, have been described 
by Fetch (1921), S teinm ann (1925), and Sharpies (1936). Diseases occur­
ring onHti'ea in its native habitat in Brazil have been described by ^\'ci^ 

.(1926).
Root Diseases. T h e  im portan t root diseases of cultivated rubber in 

the East include black roo t-ro t caused bv X y lm a  thspuitesii, brown root- 
rot caused by Fomes lamacnsis, Hclicobasidium ro t caused by Hdicohasidium 
cmpiutum^ red root-ro t caused by Ganoderma pseudofcm'im, rootcollar 
rot caused by UsiiiHiui maxima^ smelling foot-rot caused by Sphuerostilbii 
Ripens, and white roo t-ro t caused bv Fomes lignosus. These diseases are 
not specific for rubber, and m ay spread by, or through, other plants. 
Their control depends largely on the earlv discovery of centres o f infection, 
destroying the infected plants, and isolation o f centres of infection by 
Penciling to avoid fu rther spread. In  replanting, the importance is stressed 
of completely rem oving the old roots w hcre\ er a centre of infection is 
found.

o f  the Stem and Crown. T h e  aerial portions of the Hevea tree 
^5 attacked by  num erous pathtigens, mostly of minor importance but 
^fne of great significance. In  seneral, it is convenient to divide these 

i<S()



afflictions into those o f the stem, o f brnnchcs, o f bark, and of leaves, One 
pathogen. Pbytnphthora palrnivora, attacLs all o f  tlie aerial parts and 
^vjscs Icaf-fliil, iwig dieback, and bark cankcr. These symptoms are all 
the nunifcstations of a single disease tlvat has been serious in isolated 
instances in the East, universally present rhroughout the tropics, hut not a 
major disease o f Nn'ea. Manis (1954) reported a severe epidemic of 
leaf-fall, t>̂  ig dieback, and bark canker at Los D iam antes, Costa Rica.

The most serious bark diseases are those o f the panel, as these disi-ascs 
affect the yield and commercial life o f  the tree dircctly. Black stripe, 
causcd by Phytoplithora palmivora, and mouldy rot, caused by Cnauo- 
sionifUa fimhrkata, are the most serious o f them . These diseases arc highly 
infectious under suitable conditions, and great care m ust be excrciscd 
to prevent their spread. T he infection m ay be carried either bv the 
tapping knives or b y  wind-borne spores. Fungicidal-pastc treatments are 
Effective, but m ust be applied in the early stages o f infection, or the pene­
tration of the fungus will carr>  ̂ it below the sphere o f  effective action of 
the fungicide.

Pink disease, caused by Cnrticium salmouicalur, attacks the hark of 
branches and requires treatment. Small branches arc cut ufl', while the 
affected bark of older branches is pared away and the clean wood and bark 
around the infection treated with a fungicidal paste,

The South American Leaf-Bl/ght. In  addition to Phytnphilu'N 
omnivorum, several other fungi are the causes of m ild to se\-erc infections 
of the leaves. South American leaf-blight, caused by Datliidelln uh-i, is 
potentially the worst disease of IM r a  rubber trees th at is known. (Jnlv 
the fact that this diseruse is confined to the A m erican tropics, where 
cultivated rubber is relatively unim portant, makes possible the continua­
tion of the plantation industr\- o f the East as it is today. Fungicidal spravs 
have proved effective in nurseries and young plantings, but are considc-ruii 
impracticable for use in mature rubber plantings. Planting in the Americas 
has been possible only by top-working the susceptible, high-\'icklir^- 
clones with d ise^e-resistant selections. None o f the pkinting matLTial 
used in establishing millions of acres of plantations in the I'̂ ast has aiiv 
appreciable degree o f resistance to the disease.

Lraf-blight o f J i m a  has been studied by Stahcl (1017), Ramis (1924), 
and Langford (1943. 1 9 4 5 ). Langford developed a sarisfactorv meth..d of 
contrn ling the disease m nurseries, but did not consider t l i e -nra^ ins »f 
field planm gs to be feasible. In  the Americas, U.ere were no hiJi-vieldi.S 
clones other than the discase-susceptible ones from  tlic I 'js t. 0 « r -

L k e t i o m ^ f f - ' ’ kI " ’® d o n e s  w i l l .  d i s e a s c - r e s i s l ; u , t

to b f a t X ' l f 0 ' * ' " '  1' '̂-
where m ntro! but has been cspcciallv serious in Ovlon,

measures are necessary. W lien the disease alTccis theyounir. 
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-1- developing leaves, the leaflets become discoloured and their 
'n s  curl and a a c k . W hite  velvet)' patches develop on the undersides 

'? ? e  ieafiets, \^hich drop one by one, leaving the petiole still attached.
P  ̂deal control o f the disease has been attained by spraying with Bf>rdeaux 
^  tiirc or dusting w ith  sulphur. One clone, LCB 870, has proved highly 

'^'^criint to the disease; b u t it is inferior in yield and has not proved useful 
nip-working clone, being extremely susceptible to wind damage.

' O th e r  L e a f  Diseases. Species of Helmmthosporium, Scoletotrkhum, 
and PhyUiiSticla cause m inor leaf-injur}' in the East, and spedes of 
'4lterfUirid̂  Pellicularhiy and Caiacdutna in the AmcrioLS. Q rp en te r  
(iQ'i) showed that PelHcularia could be controlled in nurseries by spraying, 
a n d  that this disease did not appear 10 be serious in mature trees. In  
his investigations o f  the disease, C arpenter found a great many disease- 
resistant clones.

Pesti. Pests include both mammals and insects—the elephant in the 
East and the lace-bug in  Brazil. Elephants, monkeys, deer, wild pigs, 
porcupines, rats, and Indonesian hares, have been reported as pests in 
rubber plantings. I n  C entral America, a local rodent, the talniza, has been 
ijie cause of extensive Injur)' in nurseries and even in young field plantings. 
This rodent attacks the  roots o f the trees and, in nurseries, may make its 
wav underground along an entire row  o f seedlings, cutting off each just 
below the ground-level.

Snails and Slugs. Snails and slugs cause considerable damage in 
rabber plantings. T h e  giant snail, Achatinu fulica, has become a particu­
larly bad menace since it reached the rubber-growing areas ot the East 
in 1911. Although these snails feed mostly on leaves and buds, they cause 
extensive damage to the bark o f  young rubber trees, often necessitating 
replanting.

Two species o f slugs, .Wariai'lla dussimieri and Paramarim murtensi  ̂
cause serious damage in  rubber plantings. They feed primarily on the buds 
—first the term inal and then  the side buds—as they develop. Control of 
snails and slugs is obtained by  hand-picking, clean-weeding, and the 
use of poisom. Use o f  m etaldehyde and rice bran is effective tn bring 
large populations quickly under tem porary control. Permanent briquettes, 
comaining m etaldehyde and rice bran  mixed with lime and cement, arc 
useful for m aintaining control.

hiects. Several insccts attack Utrvca. Term ites attack the roots, 
make channels over the tapping panels, and build nests in the crotches 

the trees. Bark borers gain entrance to the trees through injuries caused 
by lightning or disease, and can thus be controlled by adequate inspection 
5̂1(1 treatment. Lcaf-cutting  ants attack the leaves, as do also lace-biigs 
in Brazil, Aphids do damage in the nurseries and other planiings. I he 
pontrol of term ites and leaf-cutting ants is difficult, but c o n s t a n t  eflort 

seeking out the  nests and applvimr suitable poisons can keep them in 
check.



Plant Parasites. Plant pesLs cause m inor damage. Mistletoes such 
Loranthus ^lobom, L. paiiandrus and, less commonly, Vhcum orieit f  
arc tbund on rubber trees. The seeds arc spread by birds and eerni' 
almost anywhere. On a suitable host, such as Hevca^ the haustoria of th * 
semi-parasites penetrate to the cambium and young wood. S e v ^  
non-parasitic epiphytes arc found on rubber trees, including 
species o f Dischidu (pigeon orchids), and Ficus annulafa (one of the stnrn 
ling figs). The chief harm o f these vegetable pests is the breakage of t f  
branches by their weight. Control o f plant pests is obtained by cuttin'^off 
branches attacked by mistletoes, and by  pushing off the epiphncs with 
long poles as soon as they are observed.

Replanting

The economic life o f a rubber plantation depends not only on the age of 
the trees but also on their yield, on the cost o f  rubber production, and on 
the cost o f replanting with superior trees. T he replacem ent of old lov- 
yieldmg, unhealthy plantings m th  high-yielding stock is a matter of simple 
economics for the oM-ner o f a large plantation, but is difficult for the small- 
holder with no other source o f income.

The need for replanting large acreages o f  uneconomic rubber his 
been r ^ g m z c d  not only as a personal problem  o f the owners but also 
tationally o f  Malaya, Indonesia, and other countries o f  the Far East 
that are dependent on revenue from the export o f rubber for a siijmficant 
^ r t io n  o f their national income. R ubber cultivation gives employment 

man; m dm duals; and supporting services, such as local shops, and 
dustncs catering to the needs o f the plantation staff and labour-force, 

give cmplo)ment to even more.

is >>
a r t ^ t c r f r , , ' ’ an J  m anv o f the e.xistinj
™  could be replanted with rubber varieties that would yield mote tbaa

r T l n t  .  b h ' T ' " ' - ' '  Governm ental subsidization of
s u L o r te l  hT„ “  ■" '> “
each year’s s h T his subsidy is paid yearly, and
is an annual i ^  ' ™  progress m ade in  replanting. Thus there
smallholder wh T °  Partially, the cost o f replanting. For the
of income to r e n k c s i ' l ’sifiv sc u cs  as a source 

e to replace that lost when the old trees are removed.

R u b b e r  P r o d u c t i o n

The Imiation o f  Tapping

a b o ^ T t n f t h ' e V r ™  ‘' r .  “ “ cumference o f ,8  to in. at
it is large enough t 1 f bud-union in the case of bud-

reach the t a p p L  «  L  *■■■ppmg size at the same time, and tapping is usually started 
1Q2
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^ R *ar V r  a s r  j '.w -  f ^ u r t t  p e r  ta |\p c r  w.
fflBte ^  - e i t  *j*r uir* '.<if njiKht 1h' tVS
tnctai ai '•- p e r csic  jO Esw r’

"-* in n a iie n r j-m . rfj/f*' j lir  j'ullnwivipt
tca>iraiBM«H«s'

A j ! » £ - « j i r i t  - ; i r  * f .  .-y<  ■ * * i * m  i t t

t
*Bni»a ..... .

r  '  ' ‘ - ...... p^vl. ,
4,>. v ..u ,v ,„

"=««.' -r-51 - r j  ^



The second and subsequent panels arc opened 40 in. above 
Icvci. Tapping every third day is recom mcndcd throughout, bm if 
IS decided to tap on altcrmite days after some four years of “ 
every third day, the trees should be b rought back to tapping every 11)1*  
as s(wn as more than 10 per cent o f the stand shows signs of brmv„ 
The length o f the tapping cut o f  partially drj- trees should be rcJuJ,. 
when tapping is on alternate days. D ry  trees being tapped ever;- thi,,! 
dav should be rested for s k  months.

Budded Trees. A  half-spiral cu t should be opened at between 50 ij,j 
60 in. from the umon w hen 70 per cent o f  the trees have reached a uirij, 
o f 20 in. at the height o f opening. T apping  should be on alternate dm 
throughout, except on clone Glenshiel i (and other clones sueeptible to 
brown bast) which should be tapped ever\- th ird  day. Subsequent panels 
should be opened at the same height as the first.

Tupping Equipment

The Tapping Knife. Only very simple equipm ent is needed for tip. 
ping a rubber tree. T he most im portant piece o f  this equipment is the 
tapping knife (Plate 33(a)), which has a wooden handle about 6 in. Ira; a 
which^the blade is secured with rivets. T h e  knife is adapted from°the 
farrier’s knife, used in trim m ing horses’ hoofs, and its V-shaped cutiia; 
edge is designed to make a narrow channel in the bark o f the tree. Tte 
serves both to open the late.t ve.sscls and to provide a channel for the 
iates. For thin-barked budded trees, the V -bend at the end of the tnife 
blade must be quite acute to make it possible to cut a good channcl in the 
bark. A more gradual bend is allowable for tanpin<( ‘seedling's’ rhat have 
thickcr bark.

The Spout. At the lower end o f  the  tapping cut, a vertical groove is 
cut mto the bark o f the tree to conduct the  late.x to a spout (Plate 33(/>)) 

at empties mto the cup. T his spout consists o f  a thin strip of mail 
with one end rounded and the other squared for driving into the lr«, 
me strip being cupped lengthwise to form  a trough for the late.v Bv pres­
sure Irom the handle o f  the tapping knife, it is driven into the bark of the 

f ' ’f  sufficiem force either to
tree '  spout, or to drive it unnecessarily deeply into the

500 m bfcTm  'tnd 3 3 (*)) bas a capacity of 300 10
r a a te r k l  Al ’ —  °  c e r a m ic ,  glas.s, m e ta l ,  o r  o th e r  com parable

S m a l lh o id f r ^ " " f v '^ '^  b u t  is  o f r e n  s u h jc c i  to  pilfcnii.^'.
0 “ S r  1  '"I o f coconuts, the felves of pnotJs.
co«  ‘’<= available w ithout cost, or at much 1®

The Cup H a Je r  f w  T  "  ^  P ''« luced.
on the tree is m fde from  ̂ ‘T

made from a short length o f heavy galvanized «ire. Th=
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erh of the wire depends on the girth  of the tree, for it should extend 
uffhiy half-way around the tree. T h e  hanger is formed with a loop at its 

large enough to hold the  tapping cup. T he ends o f the wire are b tn t, 
S c  the jaws o f tongs, to grip  the  tree.

A m m u m a .  W hen necessary, particularly in tapping young trees, the 
tapper is furnished with a bottle o f dilute (about 2 per cent) ammonia, 
ajjil a few drops are added to each cup at the time of tapping—to pre­
vent pre-coagulation o f  the latex. A stock solution may be made by 
nassing ammonia gas into w ater vcr>' slowly until there is an increase of 
^ b .  in weight for each 90 lb. o f water. Adding four parts of water to 
each part of the stock solution gives the desired 2 per cent solution for 
field use.

Upping
R u b b e r is obtained from  the tree by a system of tapping that consists 

of paring off a small am ount o f bark—just sufficient to open up the ends of 
the latex vessels. Excessive consum ption o f the bark is avoided to conserve 
it for future rubber production, and there is considerable variation -niih 
regard to the exact area of the tree under tap at any one time and also in 
the frequency o f tapping. T h e  standard tapping system involves a single 
cut on a half o f the circum ference o f the tree, which is then reopened on 
alternate days, a  small shaving o f bark being pared off cach time {ice 
below). Sundays, holidays, and m orning rains, may interfere with the 
tapping so that, instead o f the 180 tappings annually that would be expected 
with dternate-day tapping, it is usual to count on 160, or fewer, tappings 
per year.

The Tapping Task. T h e  acreage to be tapped is subdivided into 
‘tasks’, each representing the area handled by a single tapper in one day. 
Depending on local customs', planting densities, yields, and distances from 
the factory, the daily task o f each tapper varies from 250 to 400 trees. 
With alternate-day tapping, each tapper can handle two tasks and, with 
periodic tapping, such as daily tapping for a m onth followed by resting the 
trees for two m onths, he m ight handle even more nisks, depending on the 
relation of the period o f  tapping to the period of rest.

Liying Out ihe Tapping Cut. A llexible template is used to mark the 
limits of the tapping  panel on the tree and the desired slope (»f the tapping 
ciit. I t  is convenient to  m ount the tem plate on a rod cut to the length 
indicating the height o f the lower end of the tapping cut. T he template 
extends upwards and to the left when the rod is placed vertically against 
the tree.

The latex vessels in  the  bark o f  H n ru  do not ascend vertically but 
j’ave a slight slope to  the right. T o  intercept a maximum number of 
iatex vessels, the tapping  cut i.s sloped upwards to the left at an angle of 
about 30° above the horizontal (Plate 33(/;)). T he limits of the panel and the 
roeation of the cut are indicated, in  laying out the panel, by shallow grooves



that can convemently be made with a  tapping kmfe In  some instancy 
sball<m  ̂nicks may be made in the groove that m arks the left margin of thi 
panel. I 'h c  groovei; show the distance the tappm g cut moves down the
trees each month. . i , ,

Starting the Cut. T he tapping cut is opened along the mark made in 
la\inc out the panel, and a vertical groove is m ade in the bark at the lower 
end of the tapping cut. This vertical groove is to d irect the latex to thj 
spout that is driven into the bark about 4 in. below the lower end of the 
napping cur. The cup hanger is fastened on tJie tree and the cup mounted 
to reccive latex from the spout.

Some five tapping cuts are required to bring the cut to the corren 
depth and during tliis period the >'ield o f latex is low. In  the first tappings  ̂
the latex may be too thick to run  the full length o f the cut. The high^ 
concentration o f latex vessels in the bark is near the cambium  layer, and 
as manv of these vessels as possible m ust be cut to get maximum 
yields; but cutting too deeply results in  wounding o f the cambium. As 
the optimum depth is reached, it is possible to detcct the delicate 
green o f the cambial layer; then, only about a millimetre of uncut bark 
remains.

Thereafter, tapping involves merely die reopening o f the cut, on each 
tapping day, by paring off a small shaving o f bark. T h is  operation results 
in tlie bark being gradually removed downwards. T h e  initial cut is made 
at a height o f about 3 ft. from  the ground in the case o f ‘seedlings’, or 
a similar distance above the bud union in  the case o f budded trees. The 
tapping cut progresses down the tree at a rate o f 8 to 12 in. a year, and 
thus a period of from three to four years is required to reach ground- 
level (or the bud union) on the first panel.

The Tappmg Operation. T he tapper first removes the dried strands 
of rubber from the spout, vertical channel, and tapping cur o f the tree. 
Standing with his right arm  next to the tree, he starts the new cut by 
pushing upwards with the tapping knife and cutting a th in  shaving from 
the upper end of the tapping cut to start the flow o f latex, cutting w ith die 
upper edge of the V groove at the end of the knife. H e then draws down­
wards with the knife and, with a series o f short, quick strokes, pares off 
the thinnest possible shavings o f bark.

On finishing the cut, the tapper removes any bark shavings that may 
have fallen onto the spout or into the cup, adds the  amm onia (if any is 
being used) to the cup, and hurries on to the next tree. Tajiping is started 
by 6 m  the m orning and finished by 9.30 in the m orning.

Brown Bast. Ovcrtapping o f trees, particularly o f ‘seedlings’, leads 
to the development of a physiological disease known a.s ‘brown bast'. 
Reducing the intensity o f tapping, cither by making fewer tappings or by 
coi^m ng the cut to a smaller fraction o f the girth o f the tree, reduces the 
mcidenee of brown bast. In  the selection o f clones for propacatitm  and use 
on plantations, trees that were highly susceptible to brown biist were 
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■ and the incidencc o f b row n bast in clonal plantings is. ihereforc, 
g t e s  than i t . ‘seedling; planmBS.

npp>"i Systems. Tapp ing  systems vary, both with regar t -  t 
ortionof surface o f  the tree th at is being tapped and the fr 
which the tapping cut is reopened. Single cuts may vary from one- 

l i i i  of the circumference o f the tree to a full spiral. Mulripl
jiscd for slaughter-tapping, to obtain the maximum yield ;r-ir, -r.

[hJt are to be cu t down before replanting, and have lately beer, 
siiiention as possible for norm al tapping operations. Tapm ng m r? . 
conducted daily, alternate daily, every th ird  or fourth d«v, or 
periodic. In  peiiodic tapping , trees arc rapped frequentl\ '  i"sii \ 
for a given period and arc then  rested for an equal, nr di'^^ '  ^  .f
There are various m erits  in the different tapping sv  ̂ —  n 1

case of supervision o r record-keeping, b u t the chief eff , n
develop a sj-stem th at will give m axim um  )ield  with (r.,,„TiOm r.!.:r 
the tree.

Ckaifaation o f  Tapping Systems. D ijk n u n  (1951. ha.-4 51. . -  ;i‘
exposition o f the ingenious m ethods th at have been da\srd  in 
[cf. Guest (1939), de Jong (1939), D irecteurcn tier Pro'tfs- ' :
designate the various tapping  sv-stems and to  relate the ir^wnsin ’ '
given system to that o f  a lteraate-day  tapping on  a half the 
this standardized nomenclaxure is essentially a fractional 
biscd on ( i)  the proportion o f a  full spiral tap ; (2) the iTK^ucnr.- : ,v-. 
and (3) the relative intensit>- o f the tap  in relation to i  t  -ir-
tcrnatc da^'s. T h is  last is considered to constitute the s ie»  u tra s ir . ' 5
quarter-spiral tapped every  da\- or a full spiral tapped i-iirfn
Ftff ease of presentation, the quarter-spiral tapped daily - i s  ,;c  s.
the basic unit o f imensit>‘. T h is  is a m athem atical 
an expression o f  yield, as a  doubling o f  the tappms: :r.-ma:r- 
nectssarily resu lt ii; a doubling o f  yield. I t  docs, a*'.:";'  ̂ i! :r.
represent the relative hardship  im posed on the tree <>vtr  ̂ r . w
«ul it represents the proportion  o f the surface o t 'ih f  iTs'c i’ . .  -
appii^ opcnition during  th at time.

itasuiatuno/yKld

 ̂ flaot im provem ent tlirwugh the dcvciu|)!!icu‘. < ‘ - ^
the m ost succcssfuI m ctitud Ilf iu> tv ■ -

^w anr; costs w i th e  L asiem  ru b b er pi.iiu.u^ I s ! i -   ̂ ‘
incrcawd supplies o f  ru b b er, and iH.i. -

^ t o a l h  tu further tu v rc ^ c .  lu. r , . . . - .  •. ' • . '
otljrr su.<, - , r;,. u f f ' . . . - -  . . . .  ; „

“itmsTi-. u n u .. 'w i 'i  -  • ■> : .
r - -



I n  Ihe verv bcginninB, tappmg ver}' m freq u cn t-b em g  empW^ 
at first onh' to demonstrate the flow o f latex. As the increase in flo,,- 
repeated tapping was dcmoastrated, tapping becam e more and m,„ 
frequent, first on several cuts jn  a herringbone pattern , and later nu a h,|[. 
circumference single-cut daily or on alternate days. T h e  increasing i„, 
temity caused the appearance o f brown bast, however, and there »asi 
s w i n g  tow ards more conservative metliods.

Various systems of intensified tapping have been tried in war-time 
to increase production to the utm ost, and in peace-tim e to drain all pos- 
sible rubber from trees to  be removed for replanting. Some of these tap. 
ping sj'stems Ivave given greatly increased yields and, in many cases, 
greatly intensified tapping schedules have been applied without undue
in a e a se  in the incidence o f brown bast.

‘Slaughter-tapping’ is the term  used to indicate an all-oul bleeding 
schedule to get maximum yields from  trees that are to be removed before 
either replanting or replacement with other crops. I t  involves the lengtli 
of cuts, die number of cuts, the frequency o f  tappi ng, and sometimes the 
depth o f tapping. I t  is applied w ithout regard to the  welfare of the trees.

Increasing the intensity of tapping to obtain greater yields of rubber 
in ^^'ar-time took the form mainly o f m ultiple cuts on a single panel, 
sometimes kno\\Ti as high-low tapping, or tapping o f  more than one panel 
on a tree alternately—the so-called change-over system. A number of 
different intensities of tapping were tried  and it was found that individual 
clones responded differently to the greater intensity  o f  tapping. Surpris­
ingly, brown bast did not become the problem  in this intensified tapping 
as had been feared.

Increase in the intensity of tapping does not necessarily result \n a 
corresponding increase in the cost o f tapping. Increasing the length of 
outdoes not result in a comparative increase in the  time devoted to cutting, 
b ut in high-low tapping the time involved in m aking the high cut is 
greater than that involved in making the low cut, as a ladder must be 
carried along and used in making the high cuts.

In  Viet-Nam, Campaignolle & Bouthillon ( i 9 5 5 ^ 0  reported a mcdiod 
of increased tapping-intensit)', instituted just prior to the onset of the dn' 
season, that resulted in an increase in >’iclds far in excess of t!ie relatively 
small increase in tappings per year. T his intensification consisted in tappin? 
every third day (d/3, d/3) instead o f on the first and fourth days of n seven- 
day cycle (d/3, d/4), for a period of three m onths prior to resting the trees 
m  teb ruary  and xMarch, and resulted in die trees being tapped eicht}- 
eight dmes during the year (instead o f eighty-five times for the trees kept 
on the d/3, d/4 system). T his change resulted in an increase of only 3'5 

per cent in the number o f tappings.
Ih e  over-all increase in yield attribu ted  to the intensified tappii^ 

was reported as 24 per cent on the basis o f gram s o f  rubber per tree 
tapping, or 40 per cent on the basis o f yield o f  ru b b er per hectare. 'I'wdvf



in c lu d e d  in  the test, and there was a striking difference in 
ctions of the various clones. Clones AVROS i j z  and BD 5 gave 

^ '  'ffease in decreases of 12 per cent and lo  per
°° respectively, in  yield per tree per tapping. Clone DJ i gave an in- 

nf S'! per cent in yield per tree per tapping and 105 per cent in 
per hectare. All clones except AVTIOS 152 and BD 10 gave sizeable 

' raea^s in yield during  the  year following this intensified tapping im- 
S i a tc ly  before the rest period.

Iniectid’K o f  Copper S-ulphate. T here  has also been research on the 
of chemicals to  increase the  flow o f latex. T he use nf copper sulphate 

L c tio n s  into the bark o f m b b er trees has been tested extensively in 
Viet-Nam as reported by  Campaignolle & Bouthillon (1956). Significant 
ncreases in yields were attribu ted  to these injections. Annual or semi- 

Itinual injections o f copper sulphate resulted in a continued yield at a rate 
ibove that o f untreated trees though, in occasional years, a decrease in 
total vield was noted for the  treated trees. Typical of the results was a 
test using two blocks o f  trees for which comparative yields were available 
for a period of four years prior to the initiation of the test. Injections of 
copper sulphate were m ade annually in block B in November o f each year 
from 1950 to 11)55. T h e  yield records in  kilograms of rubber per tree per 
year for 1947 through 1950, before injections were started, and for 1951 
through 1955, after the injections were started, are shown in Table XI.

T.ABLE XI

COMP.WATIVE VIF.1XIS OF RUBBER IN' KILOGRAMS OF RIUBER PER TREE PER
............................ r\c rnPJJFR

S L L P IU T E

B lo c k  A B lo c k  B
Y ear Cx3n t r o l T r e . i ic d In c re a se

K g m . K g m . K gm .

1947 4-2 4 '3 0 '3
J948 5'4 5-5 O’l

1949 5-3 5'7 0 ’4
‘950 5-3 5'8 0'5

1951 4-9 6-5 r 6
1952 5-0 6-0 i-o

1953 4 -^ 5-6 I '4
1954 3-3 ^•4 — o-i)

1955 4-1 5-4 1-3

T ota l 21-5 25-9 4 4

HomofU' Pastes. A p p r e c i a b l e  i n c r e a s e s

R e m a r k s

ProdLiclii>n o f  th e  tv, o  blocks 
before' trea tm e n t.

A n n u .i l  in jc c t io T ir fC iiS O , in  
i h c  i r e c s  m  B lo c k  is .

F o r  pe rio d  a f in jc c tio ii s  on ly .

in yield Iwvc tnU(wea the

«Pi>ucanou ot horm one pastes to tnc iw k  Hr'ca 
propnctary s tim u k n ts  such as ‘Stimulex nnd l-ua-ka ha 

both in V ict-N am  and in M abya.
199



Baptist (1955) pointed out that the use o f stim ulants tn increast 
flou of Utcx is not ncvf. As early as 1912, the practice o f scrapin, i 
outer layers of bark from below the tapping cut was found effective* 
smallholders later applied substanccs such as cow -dune and termit ’ 
in order to increase both jic ld  and bark renewal. In  the third d”  H 
o f the present cenniry, m ixtures such as ‘N eubark’ and ‘Solar V '  
appeared on the market, but without much response from estates ?  
1929-30. experiments with bark scraping and the application of nitrat 
o f soda, wood ash, and cow m anure were perform ed on several cstat'  
under the guidance o f the Rubber Research Institu te  o f Malava Yi,u 
mcreases were reported, ‘ '

Baptist (1955) Baptist & Dejong (1955), and Dejong (195,) mad, 
detailed studies o f various methods o f  yield stim ulation and found several 
4 at led to a considerable increase in yield. In  general, however tlicv 
found that, under conditions obtaining in  M alava, the stimulation w  
temponuy and the trees soon returned to their form er vields or somewhat
e S j o f  cautious in the use o f stimulants,
e r a p t  on mamre trees and those marked for early rcplamini!. Treatmenls

in c lu d S 'l ir t  “a ? r  >>.'■ “ faove-mcnt'ioned authors

S T a n d  ^  tT  “ ® ™ ‘̂ , ‘“ >“ding a,4-t> (2,4 dichlorophenoxv acetic 
t re a m e i t j  acetic acid). T h e  oil and hnrmone

m ™ v  band ' “ PP‘" g  P“ - > .  ”̂ <1 »
^ s™ ttd  the °  P ^ e l, which rep-

after ■"
to the treatment with I, ' “PP^"? cut, and in response
Increases followin t  above and below the r:ippin'j: cut.
men w h f r o  I  r ™ ' - ' ' ' ' ' ’  " ’-*’5- "  «'’ <.se follow ns'trcat-
n o tS  b  L ^ l  in s t r .  ■ "^ "•^ ^ csjru b ^ a ^ o f^ b a rk  ren c 'a l were

* e  t a p p i n ^ 'S n S m S r - T T T ^ ^
bark « n e « r l ^ S f P ^  horm 5 ; r T E i r i n c r e . s ^ -  of 

bearing tissue. Dejong (195J) staTcJ ’ “  "

is ‘i P p l i e d t b o r j L ^ p S ^ ^ ^
the thickness o f  one-vM f-old r e n e w r f ?  ' t '  “ f  “ perimnits
three times that on co“ „ l f r  ™  h '
o f  u n d i f i e r e n t i a t c d  n a rp n r f i r - ,^  t h i c k n e s s  is  n u u ie  up

’-o e n c - ib y  ■

constant difference'm thc*''r"'"* "r 'bc re  was a significant and
Cltttcrence m the r e s p o i«  o f particular clones to bark stimulants.



H , « c ................-  .

. , - . . - i , . . . \  U v K . 1 '  l i l i U r ; . :  L-V

.4i \- i i fc c Q y n  '5» 5R.I > -
OK a«lfcy  - r - . - .  :m v  b .v u  ...,u lU .=  .

•  J^ a r  th e  I m r t  ■'> * e  c j . lc c t i . j i i  s o i A «  \  > -« tlu i  r>^... ■■, 
r S r ^ e K l "  tuppcr m d  !'.<r >ra».-n «  ih r  culliruoB  ;, . l . -
p r iS ^  r « o r i  is the  u m t b .r a « t  j c c u ’.ituia tur tlw  c s tj  r  ^  

In c o tlc r tiD Z  * e  t e s t ,  t h e  tapper ; m p [ i «  the a .m r M i s  . «  . . .  

cup i « ,  his l i e x  p « ! and wipes o u t th e  t a p w  cuP ^  
m » b i ;  as m och .rf the t e x  as possible ui.d leav m the .. . -
T liecap is th e iip laceJiip sid e-i!o w n o n !h ecu p h aii!!cr(U .l'..* .- ...V .........

the tapper a)ntimie.s J n  his t o  . Q ean h n css  cit the  uicn^- ■■ _
dtsirabk, and even though  i t  is n o t possible to have the Li., . ,-  - 
thoroughlv each dav but onlv periodically, it is neccssar>- to  iia^.- -  ^-.■._-
ro^ceof cleaners to  wash the  utensils and  rem ove all accum uU t. .

rubber. • - ^  ^  -
I f  the latex is delivered at a collection poin t, it is o tten  ^

a seal! quantitv- o f am m onia to avoid pre-coagulation o t - -  - ^
particularly if  it is from  younu^ trees. L um ps ot ru b b er th at torr.. 
latex before il arrives at the factory m ust be rem oved and m r.ica 
into ofF-grade rubber.

Bulking n f the Latex
After recordim; the viclds, the bulkiiitr o f  the la te \ is ihc 

task of the factor^■>latc ^4(.0)- T h e  productiim  of a st.ui.Li v: v u . -- . - 
isiho aim o f all estates. T h e  rubber from  the \.in>ais tu'k.s 
quire variable, and the  small producer canm>t do as uo'.k. j t' ■ ■- 
oJie of producing standard  qualities o f rubber because he is r_ f-  - -  
<̂ e t)-pes produced by comparatively fe\\ trees. 1 lis  ̂ v'l-
the changes attributable to seasonal variation in ru b b er^
in com parison  w ith  th e  o p p o r tu n ity  n t th e  m.m.5trer

 ̂ Giti mix latex from  m any clones and from  ditlerent ;u i ,i- - 1 . .

The First Straining
As the latex is assembled, ii is strained li>r the iir>! u.iu 
1 has a comparatively coarse screen and is deMCiuu
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larger particles such as bark shavings, twigs, leaves, or other sizeabl 
objectij that find their way into the latex. A suitable screen mav be m a/ 
ofaluininimn plale with i/i6 -in , pcrforatiojis spaced i/8-in . from ccntrj 
to centre.

The liuhher-coiUent o f  the Latex

Knowledge of the rubber-contcnt o f  the latex is important to rhe 
producer. Task and field records depend upon the yield of rubber rather 
than of latex. T he percentage o f rubber in the latex varit-s from field to 
field and from day to day. Large errors In the estim ation of vicld woui(] 
result from using any standard measure o f relationship f>f rubix-r tti latex 

I t  is necessar}' to standardize the preparation o f  rubber in the factor\' 
so that a standard quaht>- is produced. T he first requisite in standardizing 
the factory processing is to dilute the latex to a standard consistencv. To 
do this, it is necessary to know with some accuracy the rubber-content of 
the latex. Chemical tests requiring trained assistants or much time are 
undesirable. T he addition of ammonia or other preservatives or m l- 
coagulants a t the time o f tapping also adds a measure o f difficulty in deter­
mining the rubber-contcnt of the latex.

Determining the Rubbcr-amtent o f  Latex

T he most accurate method of determ ining tlie rubber-contcnt of latci 
IS by dn-ing or coagulating a sample and making a chemical analysis of 
the dried gum. The chemical analysis is involved and time-cimsuming, 
and IS not suited to day-to-day estate operation.

I  he simplest determination of rubber cuncentnuion that has been 
developed is to measure the specific gravitv o f  the latex and estimate the 
rubber-content on the basis of the relative specific gravitv of the majoi 
constrtuetits. The rubber globules as they occur in latex were reported bv 
de Vries (1926) to have a specific gravity o f OTJ14, the scrum  bavin: a 
specihe gravit)- of 1-020 (i-o i6-i-o25). T he specific gravitv of the lates 
vanes ivith the percentage of rubber, the percentage o f water, and the 
percentage of non-rubber constituents. Nunc o f these is constant, and 
vanation may be brought about by cultural treatm ent, seasonal Narialiun 
in Hinlall and temperature, tapping intensity, and manv other conditions

™  tu " ,  r '  -'il
r s r  r " ,  constituents often being inere,.seJ
b) factors that cause a decrease in the rubber-content.

undt Z dS  have been developed and inarUteJ
A c t  '■ 'I.a texom eter\ ele. Some of
w h e r e T t r  ‘""i P--'''

but they are liable to errors which make their use questionable m
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* • itin" yields where a small miscalculation of rubber-content
be^magnified into a large one in the estimation o f  iong-^crm or 

*Jge-are.i yields,

piluim  ‘>r“‘  Straining
Following the first bulking and straining of the latex, a reading is 

taien of the rubber-content of the latex which is then diluted with water 
m a concentration o f from  12 to -15 per cent. After a  short wait for the 

ccipitation o f heavy particles o f sand, the latex is strained a second 
this occasion through a fine screen (60 mesh) which will catch 

the small particles o f d irt and trash that passed through the coarse screen. 
The second screen can be made of 26-guage monel metal or other highly- 
tcsistant m aterial w ith No, o round perforations. I t  should not be made of 
brass or other material having copper as a component, as traces of copper 
in rubber are deleterious.

Market Types and Grades o f  R uhkr
Natural rubber is marketed in several forms and many grades. Basi­

cally, the chief form s arc smoked sheet, crepe, and latex. The standard 
grade for comparisons o f price or quality is No. i ribbed, smoked sheet 
(RSS j). T he smoked sheet and crcpe are cach marketed in several forms 
or grades, and the production of each is attended by the formation of a 
certain percentage o f  scrap that is prepared separately and marketed 
as lower-grade rubber. Estate scrap and native rubber are often rcnnllcd 
into lower grades o f blanket crepe that are marketed in a variety o f grades. 
Whole rubbers prepared by spraving the latex against heated, revolving 
disks have special properties, as do also the super-grades of smoked sheet 
and crepe that are prepared with particular cmpha,sis on cleanltness to
o b ain  a sm all p re m iu m in v a lu c .T e c h n ic a lly c la s s i tie d ru b b e r  is te s tc ila n d
marked as to milline; qualir\- in the eountr\- o f origin. Superior processing 
rubber, developed ^by the ' Rubber Research Institute of Xblaya, is a 
new type which is partially vulcanized before coagulation.

Concentrated Latex
Rubber intended for sale latex is handled in much the same manner 

as otlier latex up to the point of dilul;i(m. A t that point, the latux niust be 
concentrated to reduce shipping costs to oversells markets. Fresh latex 
has a rubbern:ontent of from  30 to 35 per cent that must be mcre^scd to 

to 70 per cent. T his ctmccntration of the latex is accomplished by 
centrifuging in a modified cream separator, by creaming with alginates or 
other suitable cream ing agents, or by evaporation in the presence o 
protective colloids.

Coagulation
T he bulked, strained, diluted, and re-strained latex that is not to be 

shipped as latex is m easured into coaguiati(m tanks tor the separation ot 
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the nihlKT. There is p e a t  variation in the m ethods o f coagulaio,, ajj 
particularly in the equipment used. Simple coagulation tanks can be 
fmm a kerosene tin In' cutting it lengthwise m idway between the W  
and back to give tu'o substantially equal tanks. M ore elaborate tanks nu- 
be constructed o f concretc, with a porcelain lining and baffle plates to 
separate the coagulating latex either into lim ited slabs or as a continuous 
slab.

fievea latex can be coagulated by many chemicals, the most com m oiJv 
used being acetic and fontiic acids. G)agulatinn can be brought about 
quickly or may be induced to take place overnight. Quickly-coaguhtcd 
rubber is harder and more difficult to work on the rolls than rubber that 
has been coagulated more slowly. I f  ammonia has been added to the 
latex, it is necessat)' to  add sufficient acid to neutralize the ammonia as 
well as to coagulate the latex.

In  using formic acid to coagulate Hcrvea latex, it is convenient to make 
up a stock solution of the acid with a concentration of four per cent 
formic acid. About t litre of this stock solution is needed to coasulatc loo 
Utres of latex diluted to 12 per cent rubber-content. I f  ammonia has been 
iuJded by the tapper, or at colleaion points, the amtm nt o f acid must be 
increased. W ith normal usage of ammonia, about 175 litres of the stock 
solution o f the acid are needed to coagulate 100 litres o f ammoniatcd 
field latex diluted to a 12 per cent rubber-content.

The acid m ust be added quickly and mixed thorouirhlv and promptlv 
with the latex. Froth formed on the surface o f the latex in this mixing 
must be skimmed olf carefullv to avoid its appearing as bubbles on di'e 
surface of the coagulated rubber. T his froth contains rubber which is col­
lected and coagulated separately for the p roduction o f low er-grade rubber

tv e ry  possible sanitary precaution is taken in the  coagulation of die 
latex, to avoid contamination and to keep the latex clean. ,^nv bacterial 
inteetion may lead to the formation o f bubbles; all ‘foreign' objects appear 
^ s p e c k s  m  the finished rubber, and all such defects lead to the do«n- 
gradmg of the rubber when it is marketed.

Sheeling the Rubber

T he latex coagulates in a thick curd. I f  the  correct am ount of and 
_ _ 2 ^ ^ ^ d d e d ,  the serum will be clear and nearlv free from rubber 

, A m ,Iky serum indicates that the acid has not been s lrn n - enoud.
rein r i L f ^  i ^ P ' r f  “ d that a portion o f the r'ubber'is

b r t f e , t V d i i £ ; “ l t t ' : ' “

™Sber i n ,  f '  drving. The

s t e e r io t  m gradually tightening them until a
sheet not more than 2-5 mm. in thickness is o L in e d .  T h e  smallholder
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, ,  hand-m ill m ust pass the  rubber again and agmn t h r o i ^  
,i!honl) a w b batteries of pow cr-dnvcn m ilk, the
tl>' ® sed successively th rough  the entire batterj’, coming o ut o f  the 
S 'ro U s  with the desired thickness.

fie  R«lh
The sheet is passed through a marking roll after it has r w h e d  its 

thickness, and sheeting is done in  miUs with smwith rolls. T he sh e a  
™ L  smooth, and is kept clean by being washed in water between each 

nroassages between the rolls. T h e  m arking rolls are p o oved  to  | « e  a 
“ " L e d  surface to the  sheet. T h is  rough surface lacihtates the d o in g  
rf the sheet, and m any estates also have special groo^ngs on the rolls to 
trade-mark their rubber.

Smekmg the Rubber Sheet
Sheeted rubber is dried  in  a smuke-house (Plate }^(b)). T here  is a 

slight preservative action o f the  smoke that prevents deterioration of the 
ruker during the dr>'ing period i)f a few days to a w eek. I he shee^  of 
rubber are hung on poles in  the smaller smoke-hoiises> or may be hung 
on racks on small trolleys for passage through the larger smoke-hous«. 
It is desirable to keep the smoking to a mim mum , to avoid having the 
nibber in the d irect line o f entrance o f smoke into the smoke-house, 
to prevent the tars from  the smoke condensing on the ceilmg of the smoke­
house and dripping onto the rubber. ^

The tem perature o f the smoke-house is maintained below 50 
the smoke-house is well ventilated. T h e  fire is kept low and not atlowed 
to bum with a detectable flame. Sheet rolled to a thickness ot 2-5 mm. 
should dz)' under these conditions within four days. A sheet 5 mm. m 
thickness requires alm ost four tim es as long to dr}'. T he rubber is clear, 
without opaque spots, and translucent w hen it has reached the correct 
degree of drjTiess. I t  can then  be withdrawn from the smoke-house an is 
ready for grading and packing for shipm ent.

Crepe Rubber
Rubber is prepared in the form  o f  crepe by running the sheeting rd ls  

at unequal speeds to  im part a tearing action. T he crepy texture 0 s 
nibber facilitates dr>ing w ithout the need for smoke. Smai quan le 
of a bleaching solution, such as sodium  sulphite, ma\- be adde to e
latex in making crepe. T hese help to keep the crepe light in colour anti
so increase its desirabiht}' for use in coloured goods. ^

The crepe is not dried in the smoke-house but in special 
controlled heat and no smoke. Bccause of its texture crepe 

any given thickness dries m ore quicklv than  smoked sheet ot t c sa 
thickness. Crepes o f  g reater thickness, such as those used lor shoe soles, 
are made by  roUing together several thicknesses o f the thinner crepc.
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Off-type Rubbers
Slabs and orher ofr-t>'[>e rubbers produced by smallholders through the 

use o f  alum as a coagulant, or b>' natural coagulation, are normally sold 
to rcraUlcrs who work the rubber on washing rolls to eliminaic the din 
and trash and clean up the rubber as much as possible. T he  resulting 
rubber is sheeted out in the form o f blanket crepe varyini,^ from light tu 
dark brown. I 'h e  rubber is sold in com petition w ith the plantation off. 
grades such as ‘tree lace’ gathered daily from  the tapping cuts, the ground 
scrap from the base of the tree, and the pre-coagulatcd rubber strained 
from the latex on its arrival at the factory. Even in these oM-gradcs, the 
better grades o f clean prc-coagulum are kept separate from the dirt\ 
bark crepe.

Grading Smoked S/u't’i
Before packing for shipment, the rubber is inspected carefully for 

defects or blemishes. This is accomplished by holding the rubber against 
the light, when the most obvious defects will at oncc be apparent. The 
use of a pair o f shears to cut out the obvifms spots or pieces of dirt w 
trash as a means of preserving the grade o f otherwise excellent rubber is 
usual, and the rubber cut out is sold as off-grade.

K hppert (1946) listed the more obvious defects in smoked sheet as 
follows:

1. Small bubbles along the edges o f the sheet arc usually due to 
insufficient mixing o f the acid with the latex M hen coagulating or, some­
times, to an insufficient amount of acid having been used to coagulate the 
latex.

2. Small bubbles about the size o f pinholes occurring in clusters aE 
over the sheet are caused by dirty  utensils or coagulating pans.

3. Irregular small bubbles and small whitish specks all over the sheet 
are caused by pre-coagulation.

4. Large bubbles and blisters are almost alwavs caused by too much 
heat in the smoke-house.

5. Small particles of sand in the sheet are due to coagulating the latex 
before the sand has a chance to settle in the dilutiim  tank.

6. D irt and bark in the sheet is the result of insufficient or careless 
straining of the latex, or of carelessness in the handling of the latex alter 
has been strained.

Shipment o f  Latex

Plantation k tex  is normally shipped in drum s, tanks, or tankers. 
Atter being carefully bulked, strained, and concentraicd to a rubber- 
content o f from 60 to 70 per cent, the anim onia-cnntent of the latex is 
adjusted to ^ m e  0 7  per cent for shipm ent. 'I'he containers in which 
the latex is shipped m ust be carefully and thoruughlv sterilised, and it î  
usual to coat the insides o f k rg e  tanks or tankers w ith paraffin to avoid
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any possibility o f contamination. Specially constructed centrifugal pumps 
arc used to pum p the latex into the tankers at the port of embarkation, 
and out again at the port o f destination. These pumps minimize agitation 
of the latex, for excessive force will coagulate the concentrated latex. Only 
latex with a comparatively high mechanical stability is shipped, this 
s i a b i l i t ) ’  being measured by the time required to bring about coagulation 
in a high-speed mechanical mixer. Tank storage facilities are provided 
at large ports for the reception, handling, and redistribution of the latex.

SsUng o f  Smoked Sheet

All plantation grades o f smoked sheet and crepe rubber are shipped in 
the form o f baled rubber. All plantations are equipped to bale their own 
rubber, and the rubber handled by the remlller is baled by him after being 
washed and dried. In  some cases, small estates may sell their rubber in 
the form o f loose sheet to larger estates or dealers equipped to do the 
baling.

The standard bale is 19 x  19 X  24 in. and contains about 5 cubic 
ft. T he rubber sheets arc stacked carefully in presses and compressed into 
solid blocks o f rubber. M any tj'pes o f bale covering have been used— 
packing boxes, burlap, rubber sheets, etc. The preferred covering is a 
sheet of rubber o f the same grade as that in the bale. The bale covering 
is often broken in shipm ent and, if it is of wood, fragments o f the packing 
jnaterial may be driven into the rubber. Wood and cloth mixed with the 
rubber in this m anner m ust be separated from it in the factor)' to prevent 
such material from  constituting a weak spot in the finished goock.

From  the end o f the production o f the rubber on the plantation until 
it is ready for-fabrication at the factory, its value is determined primarily 
by visual inspection. Recently, under governmental encouragement in 
the chief producing countries, classified rubber, nurked  to show its com­
pounding characteristics, has been produced. This tNpe of rubber still 
constitutes only a small portion o f the rubber of commerce, and will be J
diseased in  another chapter. For the general run of rubber, classification I
is made by  buyers and sellers, each individual being interested in ob- ^
taining the best profit possible from his contribution to its transportation 
and m erchandising.



P R O D U C TIO N  O F RU BBER F R O M  GU AY ULE 
(P .\R T H E N IU M )

Intro d uctio n

G u a ix t^  Pdflhenium argentatum G ray (Plate 35(^1)), can be gro™ on 
thousands o f acres o f land in semi-arid regions in  the subtropical portions 
of the world. Although it is commonly known as a desert rubber-bearing 
shrub (Plate 3S(^)), gua>'ule cannot be grovm satisfactorily in  desert areas 
without irrigation. WTiile the plant survives u nder extremely wid condi­
tions, its rate o f growth is slow and the acre-rate o f  rubber acAmulation 
is equally retarded. However, guajTile will survive and thrive under semi- 
arid conditions that are fatal to m ost crops. I ts  deep roots give it a decided 
ad\-antage in reaching the available m oism re, and the  plant is highiy 
resistant to de«ccation during periods w hen there  is not sufficient moisture 
to support active growth.

CUNUTE

D rr-U nd g«a)'ule does best w ith an am^tul p reap ttaao n  of from 
15 n> 20 iiL U nder inigadoti, the total tnoiscure (roiniiU irrigation) 
OBT be greater than that allowable witfa raioLill aioue. in d  the total 
saoisture may be as much as 30 to 40 in . pro^iUed the  k ' f ni*:isture-strts 
iadoccd by irria^tion is b sbnccd  b y  periods -?i hi'zii zaKsmre-stress 
fo t tbe iccam uiation o f  rubber. n a v  ~ T . ^'>iv an annual
prcopitadon o f from 30 to 40 in. u&iier ssich C'.xi'ir:;*>cs, docs not 
bmW up a high c«nccntraikm o f  n ib b er.

Tfm ffrttm e

Gm yulcpatfm % inttricropcr3nim ab».'«vT 15 I' resperawres
c s k m  as q'F ,  ha\ie been reci^«ikii m  scHith-vcss T e \t>  puntikJS 
a u iv ^  In  oature. 0»c ihrougbovj
ifee i*intcr, And in sa d i  l i e y  :cr7*rrarares ranc
tewier ih iu  tfeey ^  endure in  m uaw  ^  inJycw bv
warm periods auifcdd«it wiU> W



S o i l

Retzer & M ogen (1947) made detailed studies of the soil where one-, 
and three-year-old guayule was grown in the United States during 

the period from  1942 to  1945. In  general, they found that the best growth 
(){ guayule was o n  sandy loam, the texture classifications ranging from 
clay-loam through loam to sandy loam, silt-loam, fine ^ d y - lo a m , and 
irravelly loam. T h ey  found sand-gravel, loamy sand, or clay textures, 
c l a y - p a n s ,  hard-pans, m oderate or heavj^ salt concentrations, erodable 
slopes, and poorly drained soils, to be unsuitable for guayule cultivation.

The m oisture-holding capacity of the soil was found to be, in general, 
the most im portant consideration. Some degree of moisture-stress is 
required to encourage the formation of rubber in guayule, but excessive 
stress slows the growth o f the  plants. Excessive porosity of the soil and 
subsoil is wasteful o f irrigation, and allows moisture-stress to occur 
c\-en with an otherwise adequate amount of irrigation.

Campbell & Presley (1946) showed that, because of its high oxygen 
requirement, guayule is ver>' subject to drowning in heavy or com peted  
soils where water stands during the w n te r  resting period or in irrigated 
fields during the growing-season. Waterlogged plants suffered more at 
higher tem peratures, those maintained at ioo“F. wilting in two days, 
while those kept at yo^'F. were not severely wilted in seven days although 
they underwent tem porary wilt on the sixth and seventh days. Flooding 
is a significant factor in relation to soils for guayule, and soils that would 
otherwise be entirely satisfactory' for guayule cultivation may prove un- 
satisfacton" i f  subsoil drainage is not adequate. Flooding during the winter 
may be less harm ful than flooding during the summer when temperatures 
are high.

P u n t i n g

The cultivation o f guaviile has onlv a recent and limited bistor>'. The 
Intercontinental R ubber G^mpanv planted about 8,000 acres m southern 
California b u t, in 1931, when the price of rubber dropped, the plan ting  
were harvested for rubber and the Company discontinued plantmg. 1 he 
Emergency R ubber Project (ERP) of the Forest Service of the bm ted  
States D epartm ent o f  Agriculture planted about 32,000 acres of gua>^le 
from 1942 to 1945, b u t this operation was discontinued before more than 
cxperimenGil quantities o f the rubber could be harv-ested. There ^ e  
experimental plantings in Spain, Turkey, and the United States, and a 
production program m e is planned in Turkey.

Standard Planting Methods
T he single crop raised by the Intercontinental Rubber Company and 

the partial crop raised bv the Emergency Rubber Project do not serve to 
establish a standard production pattern. The Company developed a 
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workable s« tcm  o f  rubber production and the basic p rm n p te  of tW 
method « c «  follovval by ERP, whicii at first struck r a h e r  clcsclv to th, 
Company’s mrtliods but later sim pbbcd the p lanting o f  piaj-ulc and mad, 
sienificant contributions to guayule harvcatmg and miUmg ( j„  below),

 ̂ -ytcr the liquidation of the war-tlmc project, research was continued 
on a much reduced scale by the Bureau o f P lant Indusrr>-, Soik, and 
Acricultural Engineering (now (he Crops Research Drvision) and the 
Bureau o f Agricultural and Industrial Enj?ineenng (nriw the L cilization 
and Development Division) o f the U nited States Departm ent of Agri- 
cultiu-e. T he D epartm ent o f Agriculture was also instrum ental in extending 
assistance to specialists from Spain and Turkey-, who wished to fainil. 
iarize them selv^ with the technical detatb  o f  guav-ule rubber production.

Qjmpared with other crops, the cultivation o f  ?ua>-ulc is strictlv ex­
p erim en ta l; yet com pared’Rith thetechnica! inforinati.;-? available on ractst 
eipcrimcntal crops, that available on  siiayuie is eitensive and detailed.

ProJurtion by tiu Intercontinental Rubber

T he production o f  rubber from  cultivated p u y A c  ~ ls described in 
1926. at the height o f the  operatioiis o f  Lhe Ir«crc -r/.l:.=n:il Rubber 
Company,* bv George H . Carnahan P re in itm  : ihc Gjmpanv,
W’m. B. McCallum (1926), Chief Botanist, ssJ. Spence 11926},
Chief Chemist.

.\icCaUum (1941, 1941^) summ arized the r r .C "  n : r_b>:r frora 
^ \ 'u l e  at the time the E raerrcn o ' R ubber ? r

N vrserj Operation. T h e  0 >tnpany p n c c u ::.' r.urseries
for iater transplanting to the  field. T hetr v beds
4 ft. wide and 195 ft. long, separated from  one i r  ' y v:r:- iuckbcards 
that served as tracks for the machiner>- uscJ ir. the nursery . The
nurseries were fiirnished with overheui i r r ip r r  r. I tc p  the ŝ hI muisi 
during the sprouting period, and for Lnigaric r̂  jrouth.

The nurser\- beds wert; carefulh Ie\ellc^  and then  planted 
pfe-gcrminated seed, using special seeders th at sever, o{
seed and covered each row v\jih i 10 in. o f s in d . T h is  phntcr was iJc*
agned to handle 150 beds a day, which num ber of b c is  ; ': .  dijccd sutfi- 
den t seedlings to plant 375 acres of land ar a sparrr^;: -f ;  :  m. within aad 
betTA-een rows (to allow for cross-culti\-ation). Thv num-rv ’.'.O' 
sown in February, M arch, and April, and pn^duced >c(L!un?> >'i i  size 
suitable for transplanting to the lid d  the fo llo^inc lar..iar>-.

l l i e  Qurser%- was weeded bv hand from  wheeled «ere
pushed along the duckboards (Plate .^6). W h en  the plant.s were 
enough for transplanting, heavy m achinerv \^as used 10 tup and diC 
plants. T he topper mowed off the  tops o f  the  plants to  within 2 to 4

S ta le s  v^ais \m e r ic a n  R u b b e r  P ru dn a^ 
o f  th e  In terco n rin cn ta l R u b b e r  C o m p a n y . 'I 't c

p a r « it  ow p oration  u sed  here to  a v o id  an y  com 'ustan.
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of ihe ground and was equipped to retain the tops for extraction of their 
rubber, i f  this was found desirable. 7 'he digger consisted of a machine 
tt-ith a heav)' cross-bladc long enough to undercut the plants of an entire 
bed at a depth o f  about 8 in. The seedlings were then lifted from the soil 
by hand and taken to the  packing shed for sorting and packing in special 
crates for transportation to the fteld. T he plants were inspected carefully 
juid those th at m ight cause difficulties in the mechanical transplanters 
were discarded, together with undersized or oversized plants, ur those 
that showed damage from  disease or that were otherwise not up tn standard.

Field Operatmi. Transplanting was done with special machines 
designed lo assure equal spacing and to give alignment of the plants 
both widiin and across the rows, so as to facilitate cross-cultivati(m. Six 
rows were planted at a time, with a planting rate of 360 plants a minute. 
There was considerable latitude in time of planting on irrigated land, 
where adequate moisture could be assured both before and after planting. 
Most of the land planted by the Company was unirrigated, however, and 
in such circumstances planting was confined to the early spring when 
there was sufiicient moisture for quick response and renewed growth of 
the transplanted seedlings.

After transplanting, it was neccssarv- to control weeds by frequent 
cultivation, supplem ented by hand-hoeing. As the plants became larger 
and closed in, the frequency of cultivation had to be decreased to av-oid 
excessive injury to the plants. N o cultivation was contemplated after the 
fourth year.

I t  was planned that, for normal operations, the plants would be left in 
the ground for five years. This w;is regarded as the optimum time for 
harvest, bu t it w;is also believed that the plants could be left in the field 
for a period o f up  to ten years and ihat they would coniinue to accumulate 
nibbcr throughout that period. The slirub was har\-ested by ploughing! 
up the entire plant to a depth of about 8 in. The plants were raked into 
vtindrows and either loaded into trucks loosely (sometimes being chopped 
coarsely to conserve space) for short-distance hauls to the factor)', or 
compressed into bales for long-distance hauls ur storage.

Farmer Contracts. T he Intercontinental Rubber Company planned 
to contract with farm ers for the production of the crop rather than to do 
its own farming. As guavule requires several years in the field, the farming 
operations would be subsidized currently by advances agaiit^t the final 
value o f the crop.

In addition to technical supervision of the farming operations, the 
Company contracted to furnish 7,200 seedlings per acre. A charge of 
^>5 per acre was made fi'r the seedlings, and this was to be deducted 
from the final paym ent for the crop. 'I'he Company contracted to make 
advances against the value o f the crop for specific farming operations to

performed by the farmers on the instructions of the C()mpany. T he 
projected schedule o f  operations and advances is shown in lab le  X II.

\



t a b l e  X II

SHOWTNG s c h e d u l e  o f  F A W tlN G  O PE RA T IO N S A N D  A D V .W a  PAVMBro 

PER ACRE AGAIN'ST F I N « .  VALUE O F CR O P PR O V ID E D  I N  INTERCONTRTa h ,, 

RUBBER CO M PA NY  FARMER CONTR.ACTS' FO R  G U A Y U IJ  OJI.TIVATION

First Year
U n d  p rcp a ra rio ii b e fo re  p la n t in g  I t .o o
C u ltiv a tio n s  n t l o . j o  e a c h  ^  «  ^ '5°
H a n d - h o d o g ,c o n s c a i t iv e  r a te s :  I 4 .0 0 ,  $ 2 .0 0 , S i .o o ,  S i .o o  

R o d e n t a n d  p e s t c o n tro l

S e c o n d  Y ear
C u ltiv a tio n s  a t $ 0 .5 0  c a c h  *  * »
H a n d -b o e in g , c o n sec u tiv c  ra te s :  S 5 .0 0 , 92.00, 52.00, $100

i.oo

----- S17.50

10.00J âuu-llWlU6  ̂ -------- - .1
R o d e n t a n d  p e s t  c o n tro l r.oo

T h ir d  Y ear
C u ltiv a tio n s  Ht $ 0 .5 0  e a c h
H a n d -h o c in g , c o n sec u tiv e  ra te s :  $ 3 .0 0 , $ 2 .0 0 , $ 1 .0 0
R o d e n t a n d  p e s t  co n ffo l

S2.00
6.00
1.00

F o u r th  Y ear
H a n d -h o e in g , c o n se c u tiv e  ra te s :  $ 2 .0 0 , $ 2 .0 0 , $ 1 .0 0  $5.00

T o ta l ..........................................................................................................................................S45.M

The Company contracted to harvest the crop a t its ov.ti expense and to 
pay the farmer S25 a ton (dr>^-weight) for the shrub. However, if the 
selling price realized by the Company exceeded 28 cents per lb. of rubber, 
the farmers would receive $ i a ton  o f  sh rub  for each cent above 28 cents 
a lb. of rubber received by the Company.

\\Tien the price of rubber dropped to unprecedented levels in 1931, 
and continued low in 1932 and 1933, the Com pany discontinued the 
operation of the farmer-owned fields; the sh rub  was ploughed up acd 
processed for rubber, and the leases and contracts were terminated. Under 
the terms of tlie contracts, the farm ers were pleased w ith the operation; 
but the Company lost because o f the low prices prevailing for rubber. 
The Company retained the shrubs on its ow n land but did not undertake 
further field planting.

Extraction o f  the Rubber. T h e  rubber was obtained from  the (iua\'ulc 
shrub by maceration in a pebble mill, where chopped shrub  was subjected 
to the action of flint pebbles in the presence o f water. T he pebbles dis­
rupted the cells containing the rubber, tended to agglomerate the rubber 
into snmll masses that were known as ‘worms’ (Plate 3 7 (<0 )> 
the woody material finer and finer while a t the  same time helping it fo 
become waterlogged. T h e  rubber was then  separated from the ochff



plant material by  flotation, the waterlogged plant debris sinking to the 
bottom and the rubber being skimmed from the surface of the water 
The rubber WiW then  washed, dried, and packed for shipment to market 
Some thought had been given to the desirability of de-resinating the 
rubber, and chemical methods had been investigated; but these did not 
constitute a standard practice of the Company at the time the United 
States G overnm ent purchased the properties. According to Hildreth 
(1946), the 8,000 acres o f guayule planted by the IntercontilneMal Rubber 
Company yielded a total o f  3,068,630 lb. of rubber.

Production by the Emergency Rubber Project and Since

After the bom bing o f Pearl Harbor in 1941, the Government of the 
United States undertook the production of rubber from guayule in the 
United States as a defence measure. The first move involved the purchase 
of the guayiile properties o f the Intercontinental Rubber Company in the 
United States, including land, buildings, nurseries, growing shrubs, and 
seed. T he G overnm ent assigned this project (including the production of 
rubber from other pkm ts as well) to the Department of Agriculture, which 
organized the Em ergency Rubber Project under the supervision o f the 
United States Forest Service.

'Seed' Production. T h e  first necessitj- of a planting programme is 
the propagating material. T he  chief selections of gua\'ule are highly 
apomictic, and varietal characteristics predominate in successive genera­
tions with little danger o f serious intermixture with other selectioi^. 
Propagation is, therefore, by seed. The initiation o f plantings by the Emer­
gency Rubber Project was facilitated by the fact that some 13,000 lb. of 
guayule seed were obtained from  the Intercontinental Rubber Company, 
together w ith nearly a thousand acres of mature shrubs from which ad­
ditional seed could be harvested. iVIature, irriirated guaj'ulc flowers ] 
profusely (Plate 38), and it is possible to harvest from 50 to 100 lb. of clean 
seed per acre.

T he harvesting o f  guaviile seed, which has presented a difficult 
problem, was carried out bv the Gjm pany with a huge suction machine 
(Plate 37(i)). T h is  collected only a fraction of the seed, however, and the 
chief harvest was obtained by shaking the seeds by hand into specially 
designed pans held under the plants. T he Emergenc\- Rubber Project 
d ^ g n ed  m ore effective ha^^'estcrs but still lost a large amount of seed. 
After the war, a seed picker was developed, under the direction of H. M. 
T ndal o f the U nited States Department of Agriculture, that used a 
vacuum to gather the seeds; it also used shaking devices to release more 
seed from the plants, and fiirther suction to gather the fallen seed from 

ground. T h is  equipm ent, aHcctionately called ‘the monster’ (Plate 
39)) was effective in harvesting from 75 to qo per cent of the available seed 
)^ithout undue in jurv  to the plants, which could be immediately forced 

renewed growth, flowering, and further seed production.



Thrn<hmg m d Ckuims’ . M  harv, ,« d , g n a ra k  ‘=.ed’ aTsisB  of n , 
ichcne and altachcd sterile flurcl? ‘ rid (!»r5< p ir ts  much lar!„
tiu n  the seed itself (i’)aic 40), and ihw c fe also .  rj'-.i 
Jcif and other trash. In  inatcnaf ubtam ed by th*; newer suction mcthoi 
including h a n  csting the K sd  from the gruund, there is also a large amoon, 
o f dirt and sand. T he d in  and trash can be remiivcd in  cisiners, and the at­
tached florets and (lon er parts can be removed in  thrashing machin(s cqmp] 
ped with fine screens against which the seeds arc throivn with some fotK.

Storage. Gua\Ttle seed can be stored for m any years without deter­
ioration if  it is dried to a m oisture-content o f around 4 per cent and placed 
in air-tight containers for storage. F or the first year or so, it increases in 
percentage germination because o f the natural ending o f the dormana- 
characteristic of fresh seed.

Germitutim. Follow ing the practices o f  the Intercontinental Rubber 
Company, it is customar}' to treat guayule seed with a dilute solution rjf 
sodium or calcium h^'pochlorite before germ ination. A i-5-per cent 
b u t to n  IS used at the rate o f a ^  gallons per lb. o f  seed. This treatniem 
serves chiefly to break the dormancy' o f  fresh seed and may often be dis­
pensed m th  after storage.

Benedict (1946) made a detailed study o f  the gerniinati on of giiajule 
seed. He found that delayed gernunation was a ttributable to; (a) a period 
of em bn'O  dormancy, {b) a hard or impermeable seed-coat, (r) the presence 
of the pericarp, and {d) the presence o f germ ination-inhibiting substances 
tiu t seem to be derived from the sterile florets attached to the achcnes. 
Embryo dormancy can be overcome by storage for two to three manrhsor 
longer, and the other factors are largely overcome in the thrashing prnces 
that removes the sterile florets and flower parts, hares the achcncs, 
punctures the pericarp, and abrades the seed-coat.

Emparan (1954) developed an air-pressure thrasher for gua\-u!c seed 
to be used in germination studies th at was very cfiective in cleaning the 
seed and that could be used to thrash and clean as few seeds as those frora 
a single head. Emparan & Tysdal (1957) showed that guavule seeds are 
quite light-sensitive, and that exposure to  hght during the first stage of 
germination had more influence on the rate o f germ ination than had other 
t re a ^ e n ts -in c lu d in g  that with sodium  hypochlorite.

Pre-cmergence damping-off o f gua>aile seedlings has been a serious 
factor in establishing stands. Several fungi have been isolated from young 
seedlmgs affected with damping-off and seedling ro t, the most im^iortant 
bemg Pyfkiiwj ulthnum Trow. Sleeth (i94f)) tested a series of fungicide 
for pre-germination treatm ent of seeds as a means o f increasing emer­
gence and decreasmg losses due to damping-off. In  comparins Arasan, 
b p e^o n , Spergonex, Cuprocide, Sem esan,^N o. 604, and Mersoliie*i9 

with the standard hypochlorite treatm ent, S leeth found that Arasan and 
^ 0 .  004 were the most promising for general use. xMersohte-19 "as tested 
only in the greenhouse but gave excellent results there.



Planlmg and Care o f  the Nursery. T he  Emcrgfinq- Rubber Project 
followed the practice o f the Intercontinental Rubber Company of raising 
seedlings m nurseries and transplanting them to the field Hildreth 
(1946) and T ingey & Clifford (1946) showed that, under favourable 
conditions, guaj-ule could be planted d ircaly  in the field with considerable 
advantages m  the cost o f establishment and in spacing. However, all 
lield planting was based on nursery-produced seedlings.

The Intercontinental Rubber Company used overhead irrigation in the 
nurseries, b u t the Emergency Rubber Project quickly changed to the use 
of rai.scd beds and furrow irrigation (Plate 4i(ry)). It was found that from 
two to four, or sometimes more, rows of gua\'ule seedlings could be 
grown b em een  each two furrows. Guayule seed'is light-sensitive as well 
as snull (around 500,000 to the pound), and it is c^ential that the soil 
covering be kept to a minimum in depth, and optimum in moisture 
content, during the germination period. After the h>-pochlorite treatment, 
the seed could be planted directly in the nurseries without the pre- 
gerniination that the Company had considered essential.

T he cost o f  weeding ran as high as S i35 per acre of nurser\- until 
Benedict & Krofchek (1946) were able to control weeds in nurser)^ plant­
ings by spraying with a m ixture of three parts of stove oil and one part of 
diesel oil a t a rate o f 32-4 gallons per acre—or 1-2 gallons per nurser>- bed 
of 4 X 400 ft. The first application of oil was made while the seeds were 
in the cotyledon stage, about t%vo weeks after sowing. Almost complete 
killing o f the weeds was obtained, with only minor injur}" to the guavule.

Greenhouse tests indicated that the oil should be applied when the 
air tem peratures were between 70’ and SoT . Many plants were killed 
when oiled a t tem peratures o f  5 0 T . or 94'F. Seedlings that had been 
subjected to unfavourable growing conditions, such as cold weather or 
drought, lost some o f their resistance to the oil. Tests with Icttuce indicated 
that there was no residual cflect on the soil from the application of oil— 
even in cases where it  wa.s applied at a rate of as much as 250 gallons of 
diesel oil or 300 gallons o f  stove oil per acre.

Sanitation m the Nursery

Originally, it was thought that gua^'uIe was singularly free from disease 
as well as from  inscct enemies. Both of these assumptions were found to 
be unwarranted. In  summarizing the available information on diseases in 
g^a>'ule nurseries, G im pbell & Presley (1946) hsced the following con­
siderations for disease control in  selecting and operating nurseries:

Soils. A well-drained soil, such as a sandy loam, is required for 
^ajo ilc  nurseries. Coarse, sandy soil predisposes the seedlings to drought 
injury and to ccriain deficiencv diseases. H ea\y soils are hard to manage, 
'waterlog easily, and often develop conditions favourable to root-rot.

Water supply. T h e  frequent irrigation needed to obtain germination 
and emcrgence’o f  guaj-ule, tends to accumulate salts in the upper levels 
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of !hc soil. A high concentration of salts «  o n d csiu b ie  in the irrigation 
nater. Guavulc has a wi(Ic r^»)cfancc to  twrffvn, and rbu^ may be gro^snin 
i i a s  where that clemcnl is rcIafiveJj tbund^n*

P rn io u i crop. Cropland with a  p r tr . : . h;.t<wy o f  ScUrvtmia  or 
VertidUium  infestation should be avoided in  s c l « ^  z  i itc  for a guavule 
nuiscrv. I f  the disease histor>' is unknown, tjz de^y.^ed to Uttucĉ  
cottoni tomatoes, or other susccptibl« crops, be invesrigaied for
ih<ac fu i^ i before b e i ^  ch<i»en frjr a guayulc mirscn-. Oid sugar-bctt 
fields should be investigated for the p rcscn i: <?f i '; 4 r  r-j/y,;.

Smatodes. Hoj-man (1944) found p u j i J e  ro be hisnly resistant to 
the root-knot nematode, Heicrodefa marioiu Gc iry. However,
land infested with this nematode should rv»t be  used for a  ^javuie nur«n- 
unless the land to be used for the fieid planting is near-b> ind already 
kno^'n to  be infe^ed with the nematodes.

Spread o f  disease. Care should be t ^ n  to  avoid die  spread of disease 
rhn?ngh contaminated cultivation tools being t a in :  from ?3e nursen- 
to aiwthcr, or from an infected area in one rn irscn ' to ar.vthcr porrion of 
the same nurserj’.

Soi! preparation. T ilth  and drainage are  a ll-ir:p ' rtanr. Greful 
le\-elling is essential to avoid fo^ spots th at m a\' bec nir.e '  -^gcd and 
a source o f infection, as well as high s j» ts  th a t dry  out and result in poor 
germination.

Irrigauon. T he soil surface m ust be kept m oist, bu t nf-t wet, for 
the first se\ en to fourteen da\*s. .\f tc r  the s tand has emereed., le&s irription 
is needed. Plants receiving e x c e ^ v e  irriffation during and just after 
emergence are subject to dam ping-off and seedling root-roc. Plants kepi 
in forced growth due to ample m oisture tend  to d n e io p  large suc­
culent tops that proside ideal conditions for the CTn-w th  o f  pathogenic 

which can be held in  check by  keeping the soil m oisture relatively
low.

CultivattOTi. Guayiile seedlings are subject to pink rot if scil is 
piled agdnst the lower leaves. Any cultural practice th at tends to throw 
soil against the gua\^iile seedlings should be avoided.

Fertilization. As with irrigation> forcing w ith fertilizers makes for 
lush gro\\th  and the development of conditions favourable fur iiiieciioa. 
Nitrogen, in particular, tends to increase the loss from damping-«iff-

Density. Crowding encourages developm enr o f pathogens and less 
o f plants. A density o f about tw'entv-five plants per square foot is usually 
considered desirable.

Weedi. In  addition to competing with the guayulc plants fur n«* 
tnents, weeds increase the crowding and this increases the sprniil of 
pathogenic organisms. Considerable damage is done to the plants ia 
l^nd-weedmg. Fairly good control o f tlie c-omnion nursery '̂•ecds is
o tamed by the use of herbicides coi^isting o f oil spravs. I'hcse do 
damage to the guayule seedlings than  does hand-weeding.



PR O D U C T IO N  O F RUBBER FR O M  G U A Y U IE  ( p a RTHENTUm )

Transphnimg

After from  several m onths to a year in  the nursery- the suavule 
sccdhngs are ready to be transp laced  into the field. T h ,  E m S r a c J  
Kubber Pro,cct m ade several attem pts to speed up the planting p ro  J a ^ ™  
b). raistng tw o nursery  erops a year or three crops in L  yeafs b S n d  
it necessary to restric t transplantini; to a sinde Vv, r

, h . . . d  , , « i *  T h . t s ; z : t f . S

i-
Transplantm g m clndes all operations from the beEinning of hardenins-

7 r T T  /  ' / “‘’hshmem  in perma-nent positions in the 
Sdd. In  general, the standard operations are land prepararion, hardeninK" 
off. topping, undercutting, lifting, sorting, grading, pacti’ng, storinl 
control o f diseases m  storage, tran.sportation to the field, and plantins 
Transplanting can best be described in line with these separate o p e ra tio j '
 ̂ L ,,,d  Prep,,mt,on. Land preparation for the planting of guavtde 
IS not different from  that for other field crops. The land must be p L g h e d  
deeply and then  leve led and the soil pulverized in preparation for the 
planting stock T h e  plough is essential where a eover-crop. weeds he^w  
stubble, or o ther plant debris m ust be turned under to leave a clean 
ujihttered surface for planting. I f  the vegetable cover is not extensive’ 
ploughing may be replaced by heavy chiselling to a depth of from to 
14 m .- to  loosen the soil and to break up die old plough or irrigation 
soles. Heavy disking is used to pulverize the soil and this, os well as 
ploughing and chiselling, is followed bv thorough harrowing, levelling 
and the use, where needed, of a cultipacker •  to leave a firm bed for the 
reception o f  the seedlings.

Hardn,mg-ojf. Kelley et al. (1945) showed that, in transplanting 
gua}'ule, It was necessary to harden the plants offbv withholding irrit^ation 
W ore digging. Erickson & Sm ith (1947) studied the hardenins-off process.
Uiey quoted unpublished data of Traub et d . (1947) ^hat showed an 
mcrtasc in the iaevulin content of plants which had undergone the hard- 
ening-ofF process. Sm ith (1945) reported that gua\ule plants which had 
been hardened contained less auxin than unhardened plants. There is 
invariably an increase in  the carbohydrate reserves of guayule plants that A  
'S associated with the process of hardening off. Other than this, no specific 
aJrcrarion in the chemical composition can be attributed to the hardening- f l  
on, to account for the increased survival obtained in transplanting.

Hardcning-ofF involves the transformation of the seedlings from a lush 
Ope of forced ^ o w tji  into a dormant, or semi-dormant, condition. It 
can be accomplished by  any cultural deprivation that slows groT,\th of 

e plants, though the principal factors are drought and cold. Withdrawal

pL A  ^**ctor--draw n c u l t iv a t in g  im p lcn u - iu  u se d  to  p u h e r iz e  th e  s a r l a c t  soil in  th e  
f  , S ?* a g r ic u l tu r a l  c ro p s . I t  is  usvd  rn  uive  i  su itab le  m u lc h e d  su rfa ce

s e e d  o r  t r a n s p la n t in g  se ed lin g s .



„ f  irriw tion soon brings activc gro^uh to a halt, and prolonged with, 
talclin i of » a tc r brings the plant m to a sii.tablc condit.on of dorman„
for transplanting. r  i . r • .

Dormancy also follows rhc onset o f  cold w eather in the autumn 
Erickson & Smith (1947) showed that hardenm g-ofr resuhed fnmi cold, 
even though the m oisture level rem ained high enough for wntinuetl 
orowth They concludcd, . • rhe survival o f  tran<?plants \va,s the same 
whether they were only cold-hardcned or were also subjected to drought. 
Carbohydrate analyses revealed that plants o f  both  treatments had 
accumulated large amounts of laevuliiis and smaller amounts of inulin 
and other carbohvdrates. W hile the  drought- and cold-hardened plants 
had slightly higher reser\‘c carbohydrate contents than  those cold-liardened 
only, this was probably a result o f the long period o f hardening. On the 
other hand, cold-hardencd plants were larger, a result of the longer 
initial period o f growth.’

Topping. Topping guay-ule seedlings involves cutting off a major 
portion o f the tops o f the  seedlings before digging. Sm ith (1044) has shown 
that leaves left on the transplants inhibit growth response and that the 
removal leaves should all be removed prior to transplanting. F.rickson & 
Smith (1947) showed that some variation can be m ade in the standard prac­
tice of cutting back (topping) at the tim e o f  digging. T hey  also sho^ved that 
topping the plants a week before transplanting results in undesirable 
new growtli prior to transplanting, but th at topping  three days prior to 
digging results in good survival.

Undercutting. U ndercutting involves passing a long, heavy knife- 
blade under the seedlings at a depth  o f six to eight inches. The knife is 
held at a slight angle with the horizontal so that, in addition to severing 
the rooLs, it has a lifting action on the soil. T h is  lifting action loosens 
the soil and facilitates the withdrawal o f  the seedlings. I f  the nurscn 
planting has been hardened-off by w ithholding ^̂  ate^, it may be nccessan 
to soften the ground by irrigation prior to undercutting.

Normally, the plants are undercut either on the day or the day before 
they are lifted. Erickson & Sm ith (1947) showed th at a significant increase 
in survival rates could be obtained by undercutting  the plants from one 
to rwo weeks prior to lifting them . T h e ir  tests showed a survival after 
eight-and-a-half m onths o f 7 1 7  per cent o f the plants lifted on the day 
they were undercut, 73-4 per cent o f those lifted four days after under­
cutting, 86-1 per cent o f those lifted seven days after undercuttm?, 
91-2 per cent of those lifted fourteen days after undercurting, but onlj 
71-2 per cent of those lifted rwent>--one days after undercutting.

W hen p a y u le  seedlings are undercut, there is an immediate initiation 
o f  root primordia and, w th in  a  few weeks, a bushy mass ol new 
may be formed. These arc difficult to handle in transplanting machines, 
and damage to the new roots cannot be avoided. 'I'he roots also tend w 
tangle, and it is difficult for the planters to separate the seedlings quicwv 
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in feeding the plantiag mechanism. The ideal conditions seem to obtain 
when the plants are undercut at a time sufficiently in advance o f the 
iifiiiic to allow the development of new root primordia, bu t before there 
h;is been any material increase in the root-mass.

Luting. Lifting, or pulling, is a hand operation. I f  the undcrcuiring 
has been efficient, the sod is sufficiently loosened from the roots for 
the plaats to be drawn from the soil with a minimum of damage 
aud without great effort. It lifting is not done immediately after 
undercutting, recompacting of the soil may result in the need for 
more force in pulhng, and consequently in an incTcase in the damage to 
the roots.

Sorling and Grading. Uniformit>- of size of the lots of gua>Tjle 
seedlings was originally considered essential for optimum efficiency 
in ihe pLmting machines, Paul H. Roberts (1946) reported that the Emer­
gency R ubber Project selected a planting machine that would handle all 
classes of seedlings, and thus was able to use chiefly a classification calling 
for the stems o f the plants to be from 3 32 to 16/32 in. in diameter at the 
crown, with roots 5 tu 8 in. long, and tops 3 to 5 in. long. A more 
restrictive classification o f 6,32 to 12/32 in. in diameter, with roots
5 to 7 in. kmg and tops 2 I  in. long, was preferred and demanded at 
times when the supply o f seedlings Mas ample; nevertheless, satisfactory 
plantings were m ade with plants selected under the less restrictive 
classification.

Packing. T h e  lettuce crate in regular use at Salinas. California, the 
centre o f the guaj'ule operations of the Emergeno,' Rubber Project, was 
adopted ft)r use in packing guayiile seedlings for convenient handling. 
This crate m easures 13^ . 17^ a r j  in. and, complete with top and 
wax-paper lining, weighs 10 lb. Such lettuce crates were not considered 
ideal, as seedlings with 6- to 7-in. roots and 2- to 3-in. tops did not over­
lap sufficiently to give a tighi pack to brace the seedlings, or to occupy 
efficiently the bulk o f the crate. It \uis found that as many plants could 
be accommodated in crates 15,1 or even 13I in. wide as in the standard 

crate. A  crate only 11 !. in, ide would accommoditte 90 per cent 
of the plants that could be packed in a standard lettuce crate.

A portable packing lablc was developed that could be taken to the 
field to enable packing of the plants as they were lifted. Traub & Machlis 
(1943) found that the use of packing material was often harmful rather 
than helpful in packing gua^iile seedlings, as it encouraged sprouting 
and the spread o f disease. T he use of moss or other packing material 
''■us therefore kept to a minimum. For sh(»rt storaire, involving only 
twcnt)-four hours between lifting and planting, no packing material was 
used for cratcs lined n i th  wax paper. Packing material was used sparingly 
on the tops and bottom s o f crates tiuu were to be stored for a longer period 
or had to be shipped (Plate 4i(/^)). 'I'he amcmnt of packing material varied 
''ith  the anticipated storage and transit periods.



Storage. In  a large planting program me, it is no t possible to <!» 
the seedlings from the mirserics and plant them  immediately in the fielj 
as inclement weather may interfere either with the digging or with the 
planting. To ensure that seedUngs are always available for the pla„,i 
operation, it is necessary to maintain a supply o f dug seedlings sufBcien, 
to keep the planting machinery busy whenever the conditions arc favou,, 
able for planring.

In the absence of harmful disease organisms, it is possible to store the 
packed seedlings for a limited period at air tem perature. For prolonged 
storage, or if  there has been infection by Sckrotinia or otlier harmful 
organisms, it is necessary- to store the crated seedlings at reduced tem­
peratures. In  a test reported by Erickson & Sm ith  (1947), crates were 
packed each with 200 healthy plants and ten  plants infectcd witli Scltro- 
iinid sderQtiorum  ̂ and then stored a t varying tem peratures.

After diirry days’ storage, 4  per cent o f  the initially healthy plants 
had becomc infected at a storage tem perature o f 28° to 34°?., 20 per 
cent at 38° to 4 3 T ., and 100 per cent a t 40'’ to 6o°F. At the end of 
sixty days, 14 per cent were diseased a t  28° to 34°P., and 60 per cent 
at 38° to 42 'F . Thus, if  a pathogen com parable to S . sclerotiorum is 
present, it is nccessary to store the guaju le  seedlings at near 32T. and 
hm it the period o f storage to less than sixty days.

Campbell & Presley (1946) studied storage o f  guayule seedlings wich 
regard to the development o f disease. T h ey  found th at plants dug during 
rainy periods could not be stored at normal tem peratures for more than 
five days, whereas plants dug during dry  W’eathcr could be stored at 
normal temperatures for much longer periods. T hey  found that, even 
at 32° to 34°F.j storage o f moist plants and those witli green leaves is 
hazardous after four weeks.

 ̂These authors reported heating to be a m ajor difficultv in the storage, 01 
shipment, o f  unhardened or moist plants. H eat injur)' usually manifests 
itself on the roots as water-soaked, discoloured areas, which mav be limited 
m  extent or may involve most o f the roots. T ops and stems ma\ be hhck- 
ened and, m cases of severe ‘burning’, the plants in the  ceivtrc of the crare 
may be a watery, sodden mass on  opening. M eat-injured plants have 
little likelihood o f surviving transplanting.

Diseases m Storage. T he  chief fungi dcscribcd by C'ampbt-ll & 
resley (194^) as causing damage to guayule seedlings in storage were 

yec ie s  o i Sclerotmki and Dotryiis. U nder storage conditions, Saerolinin 
develops a profuse, white, cottony mvcelium on diseased plants, which 
spreads outwards from the centre o f  infection and attacks and rots other 
plants with which it comes in contact. T h is  w hite mvcelium frequently 
becomes very abundant and forms characteristic a .ttn n v  tuiis on the 
mseascd tops and roots. Later, these tufts  become firm, whitish or grey­
ish nodules, that tu rn  into black, irregular-shaped scierotia. Groups ol 
aiseased plants, or nests, are usually conspicucms because of the white 
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nivcdium that binds them  together. No spores are produced by ScUro- 
jinfd in a  crate, and the  only means o f spread is by the mvcelium groM ine 
from plant to plant. '   ̂ ®

Bolry!is, like Sclerotmia, requires moisture for its de\-elopment I t  is 
nu,st common on plants that have been dug during rainy periods when 

tops cannot be dried to a desirable moisture condition before packing 
The f u n ^ s  is checked by  tem peratures o f from 32^ to 34°?. but develops 
readily near 4 0 T . Bolrytis ro t m ay be recognized bv the grey fxizrw m«,uld 
that gFÔ •̂s on  diseased plants. All the plants in crates containing seedlings 
infected by Botrytis should be discarded. Even though m W  of the 
plants appear healthy, they are probably coated with spores 'o r have 
incipient infections th at may develop and kill the plants in the field.

Shipment and Distribution. Guayule is essentiallv a large-acm ge 
crop. The factory needed for the  most efficient processing of the a o p  i s \  
multi-million-dollar installation requiring the output of thousands of 
acres of ^ a \T ile  for its year-around use. O n a continuous-production 
schedule ,̂ w ith a five-year rotation, a single factor)- would handle the 
shrubs from 25,000 acres o f gua^-ule. T his factory would require the 
planting of 5,000 acres o f  guajiile annually, and the production, storage, 
and distribution o f  the seedlings would require efficient, careful operation 
to ensure sufficient seedlings \^ithout excess production.

Transportation time is essentially an extension of the storage time. 
Problems o f requisition, distribution, and supply make this one of the 
critical details o f  the planting programme. The seedlings must first be 
produced and transported  to the chief storage area in sufficient quantities 
to meet the contem plated needs o f the planting programmes in the various 
areas. Sub-storage facilities m ust be provided in these various areas for 
sufficient seedlings to m eet current needs and likely demand. Distri­
bution to the individual farms should be on a daily basis.

Except for the transportation of the seedlings from the primary 
storage localit)' to storage points in the districts, transportation would 
probably be m ainly by m otor vehicles. Long shipments would be by 
train, and refrigeration m ight be needed if  the period of shipment was 
protracted, or i f  a prolonged period of refrigerated storage was contem­
plated at the local storage ccntre.

^iachine Trauspluuting

Transplanting o f  guayule seedlings is aceomplished by the use of 
machines capable o f  planting several rows at a time. The machines de­
veloped by the In tercontinental Rubber Clompanv were made specially, 
and required special fabrication o f  all repair parts. They were soon re­
placed by standard  transplanters. T he preferred unit was the Holland 
j ry planter but, because o f war-time shortages, two types oi Kindorf 

planters were also used. T hese machines were equipped with de\-ices 
which the g u an ilc  seedlings were fed singly and which then carried



the sccilling 10, and released it into, a planting hole dug by the machine 
which then firmed the soil around the roots o f  the transplanted seedlinj 

Spanns. The objective o f spacing is to  ubtain mavimum mbh"; 
prnductittn on li given area, and to facilitate cultivation, irri;4atiun, seeti 
collection, and shrub harvesting. T h e  Em ergency Rubber Project usc<J 
princip;Jly a spacing of 28 in. between rows. Spacings o f if, to 20 in, 

within the row were standard, though these were increased to 24 in 
under vxrv'dr>'conditions for dr\'~land farm ing. Spacings as little as 12 in 

in the row were used to obtain early production o f  rubber at a maximum 
neld  per acre.

Plantmg equipment. A Holland foiir-row  planter was considered the 
basic liait for planting guajiile. Because o f  shortages, the ‘old’ or ‘new’ 
Kindorf machines were also used. P lanting units in operation are shottTi 
in Plates 42( f i )  and 43.

Crew persomtcl T he crew for the operation o f the planting unit 
consisted of a foreman (usually known as a strawboss), eight planters 
(four feeders, two sorters, and two spotters), and a tractor driver. The 
feeders placed the individual plants in the planting pockets or arms of the 
planter. Plants were supplied to the feeders by the scjrters, who separated 
the plants from the crate into small bunches o f a size convenient and casv 
for the planters to handle. Each feeder was expccrcd to feed at a rate of 
fort}'-five to sixt}' plants per m inute, and the ease o f separating the 
indiwdual plants from the bunch was an im portan t element in his per­
formance. T he  spotters followed the planter, to replant all scedlitiss 
ineffectively set and to plant all ‘skips’. All eight planters were trained 
in each of the three operations and obtained some relief from the boredom 
of the w-ork by inter-changing at frequent in te r\‘als when this could be 
accomplished without slowing down the planting. T h e  tractor driver was 
responsible for following closely the planting lines th at were established 
in the beginning with laths as markers, driving at a pace suited to the 
planting rhythm  ot the feeders, and nirning the ccjuipment and realigning 
It expeditiously at the end of each row.

Field Planting

W hen equipment, crew, and plants have been assembled, the actual 
s p r t  on the field planting consists o f the final ground preparation. For 
this, a twent)-- or rhirt>--horsepower crawler tractor is used to pull in 
tandem a light chisel, a cultipacker, and a liuhr steel harrow. This 
operation should leave the field surfoce m oist, firm, and fulK- pulverized- 
u n e  hnal land-preparation unit was considered able t . . ser^•ice two pianrmii 
crews they were operating in adjacent fields.

Ih e  tractor driver first lines up the planter with ihe lath line that hss 
been esmblished for the start o f the ftcld. T h e  four feeders scat theniselv -̂  ̂
cL f !i the  rear o f the machiiic. The sorters
seat themselves at the rear o f the m achine, lacing the feeders. T k

222



„„,tcrs takf up their position behind the machine. & c h  has a planters 
,„ron » hh a handftil o f seedlings m  the pocket, and a planting bar The 
^rters furnish the feeders with an initial supply of seedlings T he 

. s,raivbos.s stands at the end of the machine and, when all members o f the 
cew are in position, gives the  signal to proceed. T he driver then proceeds 
a- a pace compatible with the  skill o f the plamers and the spacing of the 
plants in the row. A planting rate o f forl>--five to si.«v plams per minute 
iiitli 20 in. betw een plants in  the row, demands that the tractor driver 
maintain a speed o f  75 to 100 ft. per minute.

The planting m achines are equipped wirh packets on revolving sprock­
ets or endless belts. T h e  feeder inserts a seedlinjr into each pocket as it 
comes into position. T h e  p lant is then  released into a suitable indentation 
made in tlie soil, and the soil is firmed around the root of the plant by 
suitable ‘f in p rs ’ on  the planter.

In planting, the feeder takes a handful o f seedlings from the tray to his 
left, where they have been placed b\- the sorter. Holding the plants in his 
left hand, as close to the pocket as possible and with the roots toward 
himself, the feeder deals the  seedlings from the left to the riiiht hand, one 
by one, by rolling them  out between the thumb and forefinger of the left 
hand. Each plant is grasped firmly in the right hand, w ith'the forefinger 
extended full-lei^T;h along the  upper side of the stem so that the thumb 
uademeath serves as a guide in  placing the root collar each time in about 
the same position M'ith respect to the end of the pocket.

The spotters are furnished w ith planting bars for use in planting the 
skips or in resetting im perfectly planted seedlings. The planting bar was 
designed to make a hole in the ground large enough for the root of a 
normal seedling, and is forced into the ground with foot pressure. The 
seedling is then held close to the ground and inserted into the planting hole 
and firmed, all with a single motion.

F i EIJD M A I N T E N A X a

QuHivation

Several years are needed for gua\-ule to attain a size and rubber- 
content for optim um  yield o f rubber. U nder cultivation, the most im­
portant factor in  hastening the growth-rate is irrigation. \Mth irrigation, 
payiilc can be brought to harvest size in three rears, and experimental 
^ 'e s t s  have been m ade at the end o f  the sccond year in the field. In 
^■'land farming, it is not usually thought that guayule should be har- 
’̂Ktcd before the end o f  the fourth or llfth year in the field, and it is 

° advantageous to leave it in the field even longer.
. It is essential th at guayule be kept free from M eeds. The use of herb- 
>ades (Plate 42(^1)) has proved useful in controlling weeds in cultivated 
^lajule and has decreased the need for cultivation and hand-labour, 

owcver, several cultivations arc needed in each of the first three years 
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to keep the ground in good condition anti the  weeds in check. A.s i},, 
plants bccome large cmmgh to close m  the alleys, the use of cultivation 
equipment must be kept to a m inim um  or the side branches of rhc 
mav l>e injured or broken off. Loss fr(3m this cause may equal or cxceed 
the'gain in rubber from further growth o f the  plants (Plates 44 and 45(3).

hiusritioti. The use o f balanced fertihzers improves the gro\^th of 
gua\-ule in most instances. Precise fertilizer requirem ents have not been 
established, but it is clear that good nutrition  is necessary. The balancing 
of growth-rate and accumulation o f rubber is the problem  to be resolved 
m determining the optimum rate o f fertilizer application. A high rate of 
fertilization, and consequently o f  growth, results in a low rate of rubber 
accumulation. On the other hand, it has been found that gua)-ule can be 
kept in a state of active growth for over a year (in the greenhouse where 
winter-temperatures do not restrict active growth), and can then be 
induced to accumulate an am ount o f rubber as great as would have been 
stored with a reduced growth-rate or a shortened alternarion of rapid and 
retarded growth.

Irrigation. Irrigation offers the m ost effective m ethod of controlling 
growth and rubber accumulation in gua\-ule. Ample irrigation encuur̂ ^Ks 
growih but slows the rate o f rubber accum ulation, while withholdine 
irrigation slows d.own the growth-ratc and increases the rate of accumula­
tion o f rubber. T he  Em ergency R ubber Project kept irrigation to a mini­
mum in 1943 and 1944, w hen 19-29 and 17-28 acre-inches, respccdvclv, 
were applied, on an average, to the fields under irrigati<m in California, 
T he rate of application o f water was increased somewhat to an average 
of 23 0 acre-inches in 1945.

Diseases o f  Guayule

No disease has been reported that is peculiar to guayule; hut -̂uu\-u!e 
is subject to many common diseases that alfecr other crops. Sonic of tk-se 
diseases are quite serious—such as the cotton n m i-ro t caused hv Phymi- 
totrichum omnivorum, charcoal rot caused by Sclerutiiim b.itJliji'Li, and 
dieback caused by Diphdia theobromac. Perennial occupation of the same 
land by a single crop o f gua}i]le increases the damage from disease.

Q m p b ell & Presley (1946) reviewed the available infnrmatiun re­
garding the diseases o f  guayule and described those that haJ cnujieil 
field losses.

Prt~establishment Losses. Transplanted guaviilc is frciiuenih- aitackai 
by pathogenic fungi before it becomes established. Infccti-ms niay 
origiuate in rhc nursery, in storage, or in the field after planting. Smllings 
mfected by Botrytis or Sckrotinia in the nurserv will probably not 
survive transplaming. Seedlings that bear sporc.s o f Ih'iryth  but rhii 
have not actually become infected may survive if  p lanted in dr}' weather, 
but ^ e  poor risks if  planted in cloudv or rainv wxather that is iuv(/ur.ible 
lor the development o f  the disease.



Soil fongi comm only associated with pre-cstablishment t e  include 
of Fu^m m i, Pythmm, Phytophthorc, and Sclemiiniu. In  addition 

ptyM lom dim  ommvorumUs b « n  observed to cause pre-establishmeM 
|„5  in Texas, and Sckrm um  rolfm  in Arizona. In  some areas one or 

of these organ^m s may be present in newly cultivated W -  but 
they ire  more abundant in land  that has been under cultivation for a 
aumbcr o f years.

•phytophthora’ Rot. A  root- and crown-rot causcd bv Phyuphthra 
in c k k ri has been observed in all o f the principal guarale-producinB 
„ a s .  Wilting usually develops several days after irrigation and is the 
first evidence o f Phyuphlhora  rot. Affected plants wilt suddenly and the 
leaves dry up, tu rn  grey, and generally remain firmly attached to the 
plant. Root lesions arc characteristically black, slightly sunken, and firm 
IB texture. T he diseased zone o f  phloem and cortex becomes dark brown 
to peenish-black on drying. T h e  woody portion of the root at the lesion 
is also discoloured. O n  newly wilted plants, the lesion is ordinarily 
delimited by a clearly defined margin. Lesions of the tap-roots of wilted 
pbnts may be from  i to 4 in. long. These develop most frequently from
2 to 6 in. below the soil surface, but they may also occur deeper down or 
alternatively, at the  root-crow n. ’

Phytophthora drechsleri is m ost commonly found on gua\oi!e grov,mg 
on h^v>', wet soil and it develops most rapidly in warm w ith e r ,  being 
held in check by cool weather. Some control can be obtained by careful 
irxigatiim to avoid even tem porary waterlogging of the soil, and the disease 
can be largely avoided by confining the plantings to light, well-drained 
soils. Even in the  latter, however, saturation of the soil for periods as 
long as eighteen hours at the tim e o f  irrigation should be avoided.

Phymatotrichum' Rot. PhymaJotrichum root-rot, or Texas root-rot, 
is caused by Phymatotrichuvi omnhorum, a fungus that is widely distri­
buted in the calcarcous soils o f the southwestern United States and on the 
eastern and western coastal plains o f Mexico. T he fungus is indigenous 
to this area and attacks both native and cultis'ated plants. More than 1,700 
species, representing Held crops, garden and tnick crops, deciduous 
fruit trees, weeds, shade trees, and other native vegetation, are susceptible. 

The first sym ptom  o f Texas root-ntt on guaMile is w ilting that develops 
lesions girdle the tap-root. W ilting is usually sudden and complete 

^ the plants are in  a lush state o f growth when attacked Diseased plants 
conspicuous am ong healthy plants because of their light-grey, wilted 

^ves that quickly become dr)' and curled. In plants that are not in a lush 
te of grow'th w hen attacked, wilting is less pronounced. The lower 

êaves of such plants die first, and the p lant may persist for some time with 
foliage. P lants th at have only a portion of the root system affected,

> r^over during the winter, w hen the fungus is dormant, and resume 
owth in the following season. T h e  dise:ised root-tissue is brow nish and 

on. newly wilted plants, b u t it becomes darker and shredded with age.



SiraiJar sm p to m s arc p ro d u c ^  by  other root-rotim g fungi, and posi, 
tive itlenrificatinn depends upon iscjlfltJon o f  the causal orgaaisms. Fid '̂ 
diagnosis o f  Texas rfw l-rot may »f»meiin«» be m ade by  cxaminitig the 
roots o f affccted plants v.ith a hand lens. F ine , yclkiwish to brownish 
fuzz)' myarlial strands are usually present on the  surface o f the roots of 
plants killed by Phymatoirkhum,

The vegetative {Ozonium) stage o f  Phjmal&truhum  «>nsisis of straads 
and masses of interwoven mycclium. T h e  spore-m at IPhmMoirkhuvs) 
siasc is usually produced during August w  Se|wernber nn moist soi! 
surfaces near dead or infected plants, bu t apparently  it h is no function in 
perpetuating the fu ii^ s .  Sclerotia, o r resting bodies, formed in the soil 
near diseased roots, enable the fungus to  su r\ H-e unfavourable conditions. 
The fungus spreads from plant to  plant a b n ^  the tkxas, *jt for short diŝ  
ances through the soil indef^ndentiy  o f  roots. .\ l th  -izh  the fungus is 
active during most of the V€ar, high tem peranires are panicukrK- fa\ our- 
ab k  {(X its development. T h e  fungus m ay o^ er-T»irjer either is  ve‘icutivc 
mycelium on infected plants that are still living, • t  as stlzr .TLa.

Gua^-ule should not be planted on land kr. • := t.. he h.avily infcstfd 
with Phymatotrichum. T here is not m uch ha2aro r. th ;  lichrer, non- 
irrigated, uninfesred lands; b u t heav^' s^iils under irrigaiion, if alrcadv 
infcsted with Pkymatotrkhum, are hazardous f« -r

*Sckrothtia' Rot. Root-^’o t due to  S>:Ur t:r.:z -r:’: =■ and 5 . <:ie7<'ii'jrutn 
caused the death o f about i per cent o f  the p lants in a t^eld near Salinas, 
Califonua, over a  period o f two year^, and o f  5 j'c r c e r i t h e  plants in a 
20^-acre field in -Arizona during their first Canipbeli (i^6)
found that in  fields studied by him  in w hich bi*th specks -^cre present, 
83 per cent o f the lo ^  was due to S . m a:^.

U iltir^  of the affected plants is the  first sympr.im  J  S . r  rot, 
The fungus usually an acts  the tap-rot*t from  ̂ tv ^ in. bi! w ihc suil 
surfacx' and causes a  lesion that srirdles the r«Kit. T h e  prest-ncc uf scicrutis 
on the surface o f the plant or in the diseased tissue distinsniishi-s SJt'r.'tinu 
rot from all others. Sclerotia may not be present on  n cv ]\ -i’i'Tmed iwiorts. 
hut idcntifi<a.tion can usually be m ade hv the soft, si.’̂ cddcd .ippearancc 
o f  the rotted tissue, whose colour dtjes not differ materially fmm that of 
the healthy tissue, \ \e f ts  o f white mvcelium arc als«t commonh present 
on the surface o f the diseased roots. '

Sclcrolmu rm it-rot has not proved serious with l^.ia'uIl-; bur bctfrc 
plantmg fields which are known to be infected, th e ' soil should be 
worked and allowed to dr>̂  thoroughlv, so as to kill the mNoelium e»f 
fungus.

Pmanum' Root-rot. N orton (1954} reported a m inor nntt-rot caused 
by J'usmum sokm  that caused severe but localized injur>- i n  an i r r i g a t e d  

nursery- as well as in a non-irrigated tw ,w ear-o ld  pla’inins in Tcnjs. 
J heroot-ro t was first observed owing to a wilting o f the plant s in a  r o u g h l y  

circular area m  a dense, eight-months-old nurser>' planting. In  the f o l d ,  
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all or only part n f the branches wik, A  brown to reddkh-brown d»col 
„„don of the m tcrnal r„«t-t.ssue IS evident. Inoculation tests and 'feld 
observations indicate that the pathogen is not hishiy virulent under nor 
mal growing conditions. I t  was suggested that insect injuries or othJr 
pcdisposmg factors m ust be present for the disease to be destructive 
m ile  the fungus had been noted by other investigators this w a f t l r  
first report to indicate that the disease could be serious ’

B uderkl R ot  & m p b e ll (1947) reported that a root disease caused 
by an umdentified bacterium  and, in the advanced stage, characterized 
by stem lesions, had caused severe losses in several irrigated plantings 
in the San Joaquin Val ey m  California, while a similar infection « !s  
observed on several s im ll plantings in Texas. T he first indication of the 
disease IS  similar to th at o f other rots, namelv, wilting o f the affected 
plant, \ViIttng is frequently progressive, starting with one or more of the 
loiver branches and followed in a few days bv the remainder of the ton 
If the plant is growing vigorously when attacked, wilting may be sudden 
3nd complete; bu t i f  the plant is in a less succulcnt condition the leaves 
nuy gradually dry' w ithout noticeable wiking, Bv the time wilting is 
observed, m ost o f  the tap-root is badlv diseased. T he surface of the 
diseased portion o f  the tap-root is covered with black, resinous masses 
to which sml adhere.s when the plant is pulled from the ground In the 
advanced stage o f the dise^ise, these resinous masses cause the root lesions 
to appear swollen. T h e  affected bark is soft, waterv, and more or less 
spongy, separating readily into layers. I t  is light or d-.u-k brown depending 
on the age o f the lesions; occasionally it has a vinaceous tint. The wood 
of the lower portion o f the tap-root is usually blackened, bm  a red or 
pinkish nng  in  the  cam bium  and youngest wood mav extend for some 
distance above the lesion.

Contrary to the condition obser%-ed in other nKtr-rots, the lesions 
continue to develop after the plants wilt, f f  not stopped bv drvin?, they 
may advance for some distance into the stems and smaller branches. The 
progress o f the lesions is m arked bv conspicuous black, resinous masses, 
or bubbles, on the stem.

In the stems, where it is possible to observe the ad\ aiicing marcin of 
the lesions, the cortex seems to be involved first and pruirressive deter- 
lotanon ot the  associated tissues follows. Jn some eases, the resin exudate 

t )n and spreads over the surface in a brownish film, which later becomes 
black.

Chrcoal Rot. A root- and crown-rot of ^^uayule, caused by Schrr)- 
outaticol{j, w’as first reported by Ezekial (1943) and later studied in 

peaier detail by Presley (1944), who first demonstrated itspathogcnicit>-on 
S h i  ^  Frank (1953), and by Norton(i()53). D uringapro-

nged drought-period in  T exas, this was by far the most serious disease of 
som^ V the dcatli o f up to seventv per cent of the plants in

^ plantings. Presley considered the disease as primarily a crown-rot.



The disease developed during July and August, 1 9 4 4 , after i  .......
period o f hot, dr,- weather, and was characterized by d a r tb ro ^  
sunken lesions that developed at or near the ground line. The 
gradually enlarged around the point o f  infection, causing a progress;, 
dying of the top. I t  was possible to find plants in all stages of the Jiseac' 
from those m  which partial girdling had killed one or more branches to 
those in which the entire top was killed. In  contrast to plants killed byj 
root-rot, the root sj'stems ordinarily rem ained alive for some time afto 
the tops had died from the girdhng lesioas at the ground line. Field 
counts made in August 1944 at Pearsall, Texas, showed that 7-6 per cent 
o f the plants in to-in . spacings were affected by the diseiise, n  pj, 
cent in 20-in, spacings, and 13-9 per cent in  40-in. spacings.’ Cooler 
weather checked the disease, and many o f the affected plants eventuallv 
recovered.

'f'ertkillium' Wilt. A  wilt disease caused by VertkiUimn albo-alrm 
results in light to heav)- damage to guayule. M ild infections that do not 
result in the death o f  the plants may be observed merely as stuntiae 
without recognizing the fact that the stunting is the  result of infeclion! 
The first evident symptom in  young plants is a wilting of the lower 
leaves, which tu rn  yellow after several days and gradually bccomc brown 
and d^ '. Occasionally, a single branch will wilt before the rest of the 
plant is affected. After this initial wilting, some o f the  plants apparaiily 
recover and resume normal growth, whilst others continue growth at a 
reduced rate. T he older leaves o f affected plants wilt and die, and the 
newly-formed leaves are smaller than  in healthy plants. T he more sevettly 
affected plants die, as the root system o f plants infected bv J Vrtmfci 
are usually affected by root-rot. T he most reliable symptom  fiir diagnosing 
Verticillium wilt is a discoloration in the wood o f the  stems and roots, 
resulting from the presence o f the fungus in the vessels. T he u  alls of die 
cells turn bro^-n and the lumina o f m any o f  the vessels become lilled 
with a yellowish or brownish w ound-^im .

guayule vary considerably in their susceptibilitv tu 
Verttctlhum wilt. Both Q m p b e ll & Presley (1946) and Schneidcr (1948) 
nave shown that some strains o f guayule do not recover from an attack 
Of the wilt, whereas others show partial to complete recover\'. Cierswl 
0 9 5 0 } reported an apparent reiatioiLship bct^ vecn chromosijme number 
and resistance to Verticillium wilt. Diploids showed little rc.sistance, 
i n f o ^ n " '  tetraploids showed a sigmticamh- lower nitc of

not a major disease o f  guayule but has done oin- 
f  T h e  selection and use .if resi.stmt

straim  o f guayule would undoubtedly be the bc.st means of amtrol,

that w f f a tinsoiirhn T  ™” ™ er of 1944, following the summer rains,
southern 1  exas. In  two-ycar-old irrigated plam ings, where the ercnvded 
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^nJirions of the plants favoured the dL*5ease, practically cvcr\' plant 
,as mid-October. In  dVy-land
pbnrings and in one-year-old irrigated plantings, infections were few 

there was relatively little damage from  the disease. Dry weather 
reurcied the disease and, during the winter, fungus activity ceased en­
tirely. With the return  o f  high tem peratures and rain, in the spring of 
i^^5, nuny o f the old lesions again became active and, in addition, the 
pycnidia which were produced in large num bers on the diseased plants 
fyrnishcd abundant inoculum  for new p rinury  infections.

Jnsccis Affecting Guayule

Cassidy et al. (1950) reported on the insects that had been found on 
fuavule in nursery, iield, and greenhouse plantings in California, Arizona. 
New Mexico, and Texas.

Insects in the Nursery. Gua\*ule plants in nurseries were injured by 
so’eral insects. Vlus crassus (Lee.), Diabruiica undeampunctuta Mann., 
and Pogonomyrmex spp., w hen they were sufficiently abundant, reduced 
the stand of cotyledon-stage gua\'ule. T hrips (principally Franhlinielk 
spp.), the onion thrips {Thrtps tabaci L ind.), and Ckirothrips acuUatus 
^ n . ,  causcd the leaves o f  small plants to curl and become distorted, 
but they did little damage. W'ireworms {Limcmius spp.) killed as many as 
14 per cent of small nursery plants. Larvae of a stem borer, Agromyza 
virm Locw, bored down through the pith of the main shoots of nurser>’ 
plants, but killed only a small percentage of them.

Insects in the Field. F ield plants were also injured by several in­
sects. Grasshoppers, principally Melanopsis spp. and Oedaleonotus enigma 
(Scudd.), were the m ost destructive insects to plantation guasule. They 
bred v.-ithin O ilifornia fields, b u t also migrated into them from odier 
breeding areas, killing and damaging the plants by removing the cortex 
from the branches. A  tube-form ing termite, Amiiermes tukifurvians 
(Buck.), encased newly transplanted plants and removed cortex material 
from them in southern  Texas. EmpiHisCii arida DeL. was the second most 
abundant insect on plantation guavule in Califurnia, but little damage, if 
sny, w-as attributed to it. Coryihuca spp. reproduced on gua>-ule so abund- 
*stly in Texas, New .Mexico, and .Arizona, that the plants were damaged. 
Siseonotus areohitus K n igh t also damaged suavule in southern Texas.

Plant bugs {Lygus spp .) were verv abundant during the flowering period 
ifi California fields. Lygus hesperus Knight rcduced the \-iabilif>' of gua>'ule 
^edsand stunted p lant growth, so that the bugs were forced to feed <>n the 
^ i n a l  shoots. Lygus sal/ei Stal. stunted the terminals. Adults of the 

beetle {Ligyris gihbosus Deg.) killed guayule plants in Qlifornia, 
^ d  Texa.s in 1942, b u t did not reappear until H)4 4

Wireworms {Limonim spp. and M-iMiotm sp.) did little damage to 
P'antation guayule, except in a 20-acrc field in California where the latter



specics greativ- reduced flie stand. Larvae o f the salt-marsh caterpiiu, 
{Estignmie acrea Drur>’) and the yellow-striped arniy-Morm {Prod^ 
arnithogalli Gucn.) periodically defoliated ^ a y u le  in  California. 
of ihe garden webworm {Loxosicgia similulis G uen.) seriouslv defoliated 
guiivulcin Texas and New Mexico in 1943 and 1^44. A Hrc ant, Solenopsn 
x y h i i i  var. n u in m a  Whir,, weakened and killed thousands of plants in 
California by feeding on the root cortex. C-olonies <if the red harvester 
ant, Pagommyrmex harbatus F . Sm ith, defoliated guayule plants and 
removed seeds and cotyledon-stage plants in soutliern Texas withm 
areas from 6 to 10 ft. in diameter. T h e  Texas leaf-cutting ant, Aua 
texami Buckl., also defoliated plantation gua>aile in  Texas.

Insicts in the Greenhouse. T he following insccts have been reported 
as attacking guayule plants in  the greenhouse: the twu-spotted spider- 
mite, Tetrutiycim bimacuktus Harvey, v^hich reproduced abandanth- on 
guajiile; a field crickct, Achata sp.- the green peach-aphid, Myzû  
persica Sulz.; the m elon-aphid, Ap/iis gossypii G \o\.; the xMcxican mealv- 
bug, Phetiacocais gossypii T . & C .; the greenhouse v\ hitc-ily, Trialcurch 
vaporariorum Wesrw. and Aleyrodfs spiraeoides Q uaint,; a leaf miner 
Phytomyza airkomis M eig.; and larvae o f the orange tortrix, Ar^rou 
aenia citrana Fern.

H a r v ^ i n g  G u a y lx e  

Economic Maturity o f  Guayule

The economic maturity o f  guayule is the point at which the maxiniiim 
financial return can be obtained through harvesting the shrub and ilis- 
posing of the rubber. I t  depends nor ordy on the  size and rubber-cuntem 
of the shnib, but also on the cost o f  harvesting the shrub and excrictii^ 
the rubber and, naturally, on the currcnt pricc o f the rubber. At any given 
price of rubber, the economic m aturity  o f the guayule is the point at 
which the most rubber can be produced per unit o f production cost. 
Guayule continues to accumulate rubber for at least ten years, and can 
remain in the field for even longer w ithout decrease in the amount of 
rubber. Up to five years, there i.s a steady increase in the aniciuiit of rubber 
—providing the normal alternation o f scas(ms takes place and summer’s 
active growth is followed by winter shock and the normal accumulation 
of rubber, and providing of coursc that the plants arc not killed bvdist-ass 
or msecis.

Under irrigation, economic maturitj^ m ay occur before Hie age oi 
nve years. After that time, less rubber may be accumulated in the 
in iurther growth in the field than can be obtained by iiarvcsting tk  
accumulated rubber and replanting. U nder dry-iand conditions, the 
economic maturity o f guayule comes in the  fifth year or later.

1 he economic m aturity is determ ined also by the  m ethod of harvesting. 
It the guayule is to be ploughed up and the em ire plant milled fur rubber, 
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pRom.’CTION o r  r u b b ee  from  g u a y iie  (parthen ium )

,he cost of replacing the crop will be m uch greater than if only the aerial

Harvest Season

The major portion o f the information on which the determination of 
the optimum harvest season is based is from tests with young plants 
Relatively little o f  the available information is from tests with economi- 
catly mature shrubs. W ith the  younger shrubs, the size of the plant 
increases throughout the growing-scason, but during this peri<;d there 
is not a corresponding increase in rubber-content. The percentage of 
rubber in the p lan t thus tends to decrease as a larger and larger amount o f 
noQ-rubber tissue is formed. After active gro^\^h is terminated in the 
autumn, or after a severe d rought if the plants are not irrigated, the rubber- 
content begins to build up until it reaches a maximum for the season. 
The major portion o f  this rubber accumulation is in the new tissues, but 
0 . F, Curtis (1947) has shown that the old cells of the inner xvlem and 
pith continue to accum ulate rubber for several years. No seasonal response 
has been shown with regard to the accumulation of rubber in old tissues.

Traub (1946) and Benedict (1949) have reported that rubber, once it 
is formed in guaN-ule, is not further used by the plant, and that it is an 
rad~product not utilized by the plant as a reser\-e food-material. It would 
appear, therefore, th at there is no diminution in the rubber-content even 
though the percentage o f  rubber decreases after the onset of spring gro\uh. 
From a practical standpoint, the amount of rubber recoverable by mech- 
uiical processing m ight be reduced, as the ethciency of the extraction is 
influenced directly by the concentration of the nibber in the plant tissue.

The am ount o f d ilution o f the rubber due to new spring and summer 
growth would be m uch greater in young shrub material. The dilution in 
old shrubs would be less and less as the proportion of new growth be­
comes less and less. I t would appear, tJicrefore, that the han'cst period of 
old plants m ight be extended or even be a vear-round opcradon. The 

I* «uly rubber lost would be that from tiie current year’s growth that has 
■y nor yet accum ulated; b u t anv har\-est date would be subject to the same
f ,  consideration.

Lengthening the harvest season of old plants is important not only 
™  the standpoint o f obtaining the ^^a^imum yield of rubber, hut also 
0 make m aximum use o f  the e.vtraction facilities. I f  the ha^^-est is conrincd 
0 a comparatively short period, either the operation of the factor>' must 
c relatively restricted or storage facilities nuist be pro;-idcd to retain a 

share o f the crop for a relatively \<m  period. Extending the harvest 
Period throughout the year and thus keeping the factor}- f>perating im a



tivclvc-mnnths basis, except for the necesarj- periods for overhari 
and repair, m u ld  increase the economic efficiency o f the ex trac t 
facilities and .nake it possible for smaller tactories to handle the shruU 
from a ?iven acreage, or for a larger mill to handle an even larger acrsg,.

The Harccst
Digging. T he standard m ethod o f  harvesting guayule is to ploufii 

up the planLs (Plate 45(^)) and use both tops and roots for rubber ex­
traction. The Emergency R ubber Project utihzed a sugar-beet lifter to 
har\-est the plants, bu t had some difficulty in separating attached soil 
from the roots. Standard baling equipm ent was adapted for corapressing 
the harvested shrub for transportation to tlie factorv' and for storage unrtl 
milling-time.

Clipping. Some attention has been given to the possibility of a 
partial han-est in which only the aerial portion o f the guayule shnib 
would be har\’csted for rubber, the roots being left in the ground to 
regenerate a new crop. T he  Intercontinental R ubber Company had con- 
sidered the possibility o f such a m ethod, after it was suggested by Lio)d 
(1911). O. F. Curtis (1948) m ade detailed studies o f harvesting the aerial 
pontons of guayule, and found th at the  tops o f plants cut off at l i  in. 
above the ground contained tv^'O-thirds o f all the rubber in the emin: 
plant. Tingey (1945) also studied various factors involved in the partial 
harvest of guayule. Botli C urtis and T ingey  found that, under cenain 
circum stance, over 90 per cent o f p lants that had been cut back for the 
liarvest o f the tops survived and regenerated new tops.

Hunter el al. (1959) m ade fu rther studies o f  partial har\ est of guay­
ule, when research was renewed after the  liqu idation o f the Emergency 
Rubber Project. In  reporting their experim ents, these authors designated 
the method as ‘clipping’. H ildreth (1946), while calling the method 
‘pollarding’, repeatedly used the word clipping in  describing the method, 
and it would appear that this latter term  is suitable as a general one tor 
this method of partial harvest.

H unter et al. established a well-designed test to determine the value of 
different harvest sequences. T his consisted o f a replicated test to comparc 
yields obtained by digging guayule at various ages with yields obtained 
by clipping at the age o f five or six years, followed by digging one, twt). 
three, and four yeairs later. Unfortuiiiitely, budgetary considerations 
resulted in the termination of these tests before they could be complet^  ̂
as originally planned. As direct com parison o f  the data furnished by 
Hunter et a l  is difficult becausc o f the  different ages at which the various 
plots were terminated, Table X II I  has been com piled from their data w 
express the resuhs in term s o f  yield per acre per year. 'I'his makes all 
^m parable , so that the yields from plots tcrjninatcd in the Hfrh year can 
be compared directly with tliose term inated in the sixth, seventh, 
or mtith years.



Plots harvested by a single digging at five, six, seven, or eiglit years 
»f jgc, yielded at the rate o f slightly more than 200 lb, of rubber per acre 
pet yeir. The irrigated plots yielded only about 6 lb. of rubber a year more

TA B L E  X III

c o m p a r a t iv e  y i e l d s  o f  GU AY U LE RUBBER, IN  PO U N D S O F RU t® ER PER ACRE 

PEE YEAR, FR O M  SH RUBS HARVESTED BY  D IG G IN G  AT VARIOUS AGES, AND FROM 

SHRUBS HARVESTED B Y  VARIOUS CYCLES O F a i P P I N G  AND D IG GING

(I)

(2)

(4)

C l ip p e d
age

years

5
5
5

5 & 7
5 & 7

5
5
5
5
5

S & 7
6 
6 
6 
6 
6 
6 
6 
6

D ug
a p e

years
5
6 
6 
7

9
9
5

5 & 6
5 6 6
5 6 7 
5 & 7 
5 & 8
5 6 8
5 & 9
5 6 9

6 
6

6  &  7
6 6 7
6 6 8 
6 & 8 
6 &  9 
6  &  9

Irrigation 
or drv

dry
irrigated

irrigated
dry

d r y
irrigated

irrigated
dry

irrigated
dry

irrigated
dry

irrigated
dry

irrigated

. ,
i r r ig a te d

dry
irrigated

d̂ ry
irrigated

liry
irrigated

. ,
i r r ig a te d

irrigated
( iry

irrigated
dry

irrigated

. ,
irrigated 

dr>' 
irrigated 

dry 
irrigated 

dry 
irrigated

CumuUtive
yield

Ib.lacre

1,003
1.210 
1.^97 
1410 
J-392 
1,625

686
1.210

1,085

2.924
1,856
2,105
2-«53

3 ,116
923

1,610
1,831
1,872
2,! 05 
2,153 
1.003 
1-033 
1-074
1,231
1.259
*>437
1,51b
1,726
1,676
1,210
>.297
1,244
1.343
1.466
1,562
1.707
1,781

M ean 
annual 
y idd  

lb./acre

199
203
537
207
216
141
155
214
237
241
232
234
239

224
230
229
234
234
239
20i
172
179 
176
180 
I So 
J90 
192

216
178
192
183



than tlic Jn - plots, which was iw l enough to repay the addition^ c„a „( 
irrio-ation. t h e  lowest cost per pound of rubber produced a.q detcrmM 
bv t o  rosts (planting and replanting), and costs ot factorj- ope,ai« 
would be on at least an eight-year c y c le -o r  perhaps longer, as the 
w-as not continued long enough to determine the point of dhninishing 
returns in retaining shrubs in the field.

A single clipping at cither live or six years ot age, followed by digging 
from onc^to four years later, gave signifiaint increases in >ield amouniine 
to 250 to joo  lb. of rubber per acre over a nine-year cycle. Double clipping 
and double digging resulted in decreased >*ields, bu t could not be consi- 
d aed  conclusive as the tests were term inated before the longer c\xlcs 
involved could be tested. T he yields from  the irrigated plots averaged 
about 10 lb. more rubber per acrc per year than  those from the dry plots. 
In  some cases, the yields o f dry-land plots exceeded those of the com­
parable irrigated plots. T he value o f irrigation for long-term  production is 
questionable. T he general results indicate quite definitely that, for short­
term production o f shrubs and rubber, irrigation is of great value but that, 
if the shrub is to be m aintained for several years, the increased yields from 
irrigation probably will not repay the additional costs.

Baling. W ar-time harvest of guayule was entirely by digging the 
shrub. For field storage and transportation to the facton-, the shrub was 
compressed into bales. T he standard bale used for guayule was 17 •
X 40 in .; the compressed bale had a densit)' o f 23 lb. per cubic foot, and 
weighed around 200 lb. (the guayule having a 25 per cent nioisturc-con- 
tent). This required that the shrub be handled mechanically in loading and 
unloading. Because o f a lack o f storage space at the factory, it was ncces- 
sar>' to store the baled shrub in  the field until shortly before niilline:. 
Condensation o f moisture on the underside o f the covers used to protect 
the bales caused damage from heating in the  upper bales, and it was 
necessary to remove the covers after raiiis U) minimize tliis elfect,

Shruh Conditioning

AJthough no latex is apparent when a guayule shrub is cut or broken, 
the rubber is contained in the shrub in the form  of latex. 1 n early millin? 
tests, a poor recovery o f the rubber resulted from milling fresh shrub 
which contained uncoagulated latex that was lost in the water added in 
milling. I t was accordingly considered ncccssar)' to ctjndition the shrub 
before milling, to bring about the coagulation o f the latex.

_ Coagulation could be brought about by storage for a s u H ic io n t  period 

prior to milling, but several conditions needed attention, hilevatcd tem­
peratures, such as were found in Texas and the inland vallcvs o f C-iilirornia. 
were effective in bringing about coagulation, but direct exposure i<> 
^ n  caused a loss o f rubber if  perm itted for more than  a siiwlc ibv- 
Dr)'ing of the shrub to below about a 20 per cent moisiurc-coiiient 
reduced tlie recovery of rubber in  milling. I t  was therefore ncccssarv



restrict the exposure o f  the shrub to direct sunlight and to control 
„,„isture-loss during  storage, while at the same time providing a storage 
period of th irty  to  forty-five days to obtain complete coapiktion of the 
latex.

A major contribution to the  milling of guavule shrub was made by 
Taylor & Chubb {1952) who demonstrated that, by the use of suitable 
c o a g u l a n t s  in the M-ater used m  milling, lush shrub dircct from the field 
could be milled successfully. T his eliminated the necessit>- for prolonged 
storage and produced a superior t>^pe o f rubber with a 'low  content of 
insoluble plant debris.

E xtraction '  o f  R ubber from  G uayule

Getural Process

Since the b epm iing  o f  the twentieth centur\% thousands o f tons of 
rubber have been extracted from  gua\'ule—mostly from wild shrubs in 
Mexico. T he mechanical processing has consisted primarily of macerating 
die shrub in the presence o f water in a pebble mill. Shredded shrub and 
water are fed into a pebble mill in predetermined proportions. The 
griading and m acerating action o f the mill is famished by flint pebbles 
of assorted sizes. T h e  mill consists of a horizontal tube that is revolved 
slowly. As it tu rns, the pebbles roll over and over and continuously fall 
on and crush panicles o f shrub. T he non-rubber portions of the shrub 
are ground finer and finer by this action and at the same time become 
waterlogged. W hen particles o f rubber are caught together between the 
stones, or between the stones and the rough lining of the mill, they stick 
together and gradually form  small masses that are commonly ioiown as 
Vorms’ (cf. Plate 3 7 0 0 )-

At first, the  m illing o f guayule was done in small individual mills, 
the batch process that required loading, unloading, and reloading of many 
small mills being employed. I t  was found later that long tubes could be 
loaded and unloaded continuously. diagrammatic outline of the process 
is shown in Fig. 5.

The baled and conditioned shrub is first run through a chopper; 
from there i t  goes through a heated dryer to a crasher consisting of two 
h^vy, corrugated, slowly revolving roils. The crushed shrub is then 
ruixed with water and fed into the first of a scrie.s of pebble mills, after 
J''hich the slurry— consisting of mtiisture-ladcn, gnnmd. partially water­
logged plant material and rubber particles agglomerated in the form of 
worms—flows into the flotation tanks, where the rubber particles float 
and the waterlogged plant debris sinks,

A d d it io n a l  w a s h in g  a n d  f lo ta t io n  p ro c e s s e s  a re  r e q u ire d  to  n d  th e  
^ i ) b e r  o f  a d h e r in g  p a r t ic le s  o f  c o rk  a n d  f ib re  a n d  to  e lim in a te  a s  m a n y  
^  p o ss ib le  o f  t h e  in s o lu b le  im p u r i t i e s .  T h e  ru b b e r  is n e x t  c a r r ie d  o v e r  a 
'^ o ra tin g  s c r e e n  to  f r e e  i t  f r o m  ivs m u c h  w a te r  a s  p o ss ib le . I t  th e n  goes





through a  where the  rem aining m oisture is removed and, lastly, 
10 a press which compresses it into io<>-lb. b lo cb  for shipment to 

tnariceE-

of Leaves
fi significant im provem ent m ade by the Emergency Rubber Project 

in the processing o f guayule was the elimination of the leaves prior to 
extracting the rubber. T h e  leaves constitute 15 to 33 per cent of rhe dry- 
w cig h t of young guayule shrub  and contain ver\- little rubber—indeed 
none that could be extracted in the standard milling process. Gua)Tjle 
leaves are not deciduous and do not form an abscission layer. I t is not 
possible to remove the leaves in the field by the use o f defoliants. Howe\-er, 
following up  work previously started by the Intercontinental Rubber 
Company, it was found that, after boiling, die leaves could be removed 
from the shrub m erely by shaking the plants vigorously. I t  was then found 
p(«sible to pass the entire bale through tanks of boiling water and there­
after eliminate the leaves on shaking machines, The leaves, having no 
value as a source o f  rubber, were used as fertilizer because of their high 
oitrogen-content.

Post-jpar Research on the Processing o f Guayule Shrub
Post-war research b y  the Bureau o f Agricultural and Industrial Chem- 

istr\’ of the U nited States D epartm ent o f Agriculture was effective in 
simplifying and impro\-ing the extraction of rubber from guayule. Two 
major accomplishments o f this project were the demonstration of the 
milling o f lush shrub , which has already been discussed above, and the 
dc-resination o f  guayule rubber. These two contributions resulted in the 
production o f  rubber on a pilot-plant scale that was fully equal to Hevea 
rubber in the m anufacture o f  heav\-dut\- vehicle t)Tes.

Milling o f Lush Shrub. Guayule rubber extracted from wild shrub 
had as high a proportion as 20 per cent of plant debris insoluble in either 
benzol or acetone. T ltis material weakened the rubber and caused its 
failure in tensile tests. Preconditioned shrub from cultivated fields was 
also difficult to  process without leaving a high percentage o f insoluble 
materials in  the  rubber. Lush green shrub does not powder so easily 
in the milling, and does not contribute the fine materials that remain in 
the rubber in m illing dried wild or cultivated shrub.

De-reshiation o f Guayule. A practicable method o f de-resinating 
^aiiile  has been sought for a long time. In  the second decade of the 
present century, at least one large manufacturer in the United States 
de>resinated guayule rubber on a fairly large scale. The Intercontinental 
Rubber Company conducted extensive research on methods of chemical 
<Je-resination o f gua)*ule rubber. T he success of the Bureau of Agricultural 

Industrial Q iem istn - stemmed nor onlv from developing efiicient 
equipment and processes for the chemical extraction o f the resins, but



also from preceding this treatm ent w ith effective processing of l„st 
to eliminate the insoluble im punnes.

By-pmducn. lu  the de-rcsm ation o f giMTOle rubber, .t was dcmo^ 
strated that mam’ o f the non-rubber constituents o f the rubber, thata, 
climiMired in the dc-resination process, have considerable potential valj. 
These include poM soprenoids, saturated and unsaturated fattj- acid,’ 
waxes and shellac-hke drying resins. Such by-products do not ha,; 
commercial value a t present; bu t i f  guayulc rubber were produced it 
quantit)', commercial usei would undoubtedly  be found for them.
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P R O D U C T IO N  O F  RU BBER FR OM  KOK-SAGHYZ 

C l im a t e

Temperature and the Seasms
DiTiiNG the g^ov^^J^g-season,kok-sagh\'2 thrives at a cool mean temperature 
in the 60° to 8o°F. range, with minimum temperature, down to 43T . 
and jnKim um  tem peratures up  to 9 5 T . or higher. Young seedlings have 
been killed by earlv frosts when planted in the autumn, and winter bllm g 
of dormant, m ature plants has resulted from damage caused by heaving 
ofthe soil during winter thaws.

VVlaley & Bowen (1Q47) state: ‘T he fact that best results have been 
attained in the northern  third of the U nited States and in southern Q n ad a  
suggests th at the  plant grows better where average daily temperatures 
are not too high, where ver%' high temperatures do not reniam for con­
tinued long periods, and where nights are usually moderately cool.

R H  Roberts (1947) found that, in the greenhouse, kok-saghj-z plants 
grew better and attained a higher rubber-content when grown continu­
ously at a tem perature o f 55‘F -  o'- alternating 55"?. mght and 75 K  day 
tmiperatures, than  w hen grown at 75°F. continuously, te th w ic k  al
(1943) found th a t cool tem peratures and long photopenods were lavour- 
ablc to early blooming o f kok-saghra seedlings.

Kok-^aghyz m a Winh-r Crop. Kok-saghv^ can be 
crop in the southern parts o f the United States, w ere wi 
peratures sim ulate tliose found in the northern States m  e 
growing-period. Low  tem peratures restrict the areas 
planting, as the young seedlings do not survive tempera urc ,
20”F. H igh sum m er tem perauires in these a r ®  favour the
of root diseases, and it is necessary to har^■est the crop before the onset

ofKok-sashy.. arrjing kok-saghy-'« the ™ -r, 
tor spring harvest or for seed production and secon > f„,„urable 
difficult in many areas where the climate is ttevertheless 9“ “  
for the production o f kok-saghy. as an annual crop. 
of certain soils m av result in a heaving that 
speetive o f the tem perature. W inter snow-covers ^  ™
wintering of kok-saghyz by m imnuzing the occurrence ot winter thawsano

of soil heaving.
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Rfim /jli
An annual precipitation o f around 20 in. is needed for kuk-sag},̂  

The hi^^h w ater-holding capacity o f the soils its native region, and 
low r a te  of evaporation, iirc  equally effective with the actual precipitatiuj 
in maintaining the moisture-content o f the soil. U nder cuhivation, it 15 
essential that the moisturc-ievel o f  the soil be hi^h during bath the scr- 
mination period and the early stages o f growth o f the young seedliL 
In nature, summer dormancy stems from the extreme drought at the end 
of the initial growing-period o f summ er. U nder cultivation, this drjrmant 
period does not occur if  there is low m oisture-stress during July and 
August.

S0Ui5

Kok-sagh}^ has certain specific requirem ents that m ust he considered 
in selecting soils. T he ‘seeds’ o f  kok-saghyz are small and, in plamin  ̂
are covered verv shallowly. Heavy rains or soil washing durinL^ the period 
o f germination may result in the loss o f  many seeds or seedlings before the 
crop can become estabhshed. After germ ination, acria! growth is extremelv 
slow until a substantial amount o f  root growth has occurred. During this 
period, weed g ro \ah  may crowd out the kok-saghyz secdlinu's, hide the 
planting lines, and make machine cultivation difficult or impossible. 
T he crop histor)’ o f  the soil is, therefore, o f great importance, and 
abandoned fields, o r those that have n o t been m aintained in a high sratc of 
cultivation and weed suppression, should be avoided.

Kok-saghyz is a root crop th at m ust be ploughed mil at harvest time 
and, as the roots are relatively small, the soil m ust be o f a type to enamr- 
age maximum root growth, and m ust m oreover be sufficiently fri;ib!e 
for easy ploughing and separation o f the roots from  the soil. Gund capil­
larity and water-holding capacit>- are im portan t to ensure adequate 
moismre for germination and growth. Good drainage, both superlidai 
and internal, is essential

(^939^ 1939^/) indicated that both chcrnozems 
g lack  mineral soils) and organic soils are suitable for kitk-sa!zh>'7 cul[ure. 
He stated (1939) that the  soil m ust be rich in organic matter, in nitrogen, 
^ d  m phosphoric acid. Russian farm ers were advised bv the L'-S.S.R. 
Oovcrnraent (1941) to select for kok-saghyz plantings the best plots, usin? 
nrst the peat soils under cultivation, truck  garden plots, lluod-plains of 
rivers, and fertdizcd fields planted previously w ith heuip. Pokivenk-o 
et al. (1943) considered as unsuitable for kok-saghv/ an^ soils with poor 
structure that formed a crust after rain, or th at were iu<> shallow, poor in 

*'ght to  retain uater.
, In  the United States, the most sati^facti.r\ rcsulis

were obtained where surface soils and subsoils raneed in texture from 
oam to  S ilty  clay-loam. L ight soils are more desirable from the standpoint 
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offfofkability, bu t are m ore subject to drought and soii-blowing, and 
arc usualJy less fertile, th an  heavicr-tcxturcd soils. Hov^cver, light soils 
u n d e r l a i n  by a clay layer or perm anent warer-table at about 30 to 40 in 
u s u a l l y  provide adequate m oisture. In  hum id regions, soil textures ranffin? 
from ciay-loam to  clay are generally favourable from the standpoint 
o f  moisture, b u t they  tend  to  com pact and to bake and crust. In  regions of 
]fiw rainfall, these soils are not considered favourable. Difficulty is ex­
perienced in har%'csting roots from  hea\T-textured soils, and the roots 
are often distorted, their penetration into the lower layers of the soil 
being limited or inhibited.

Soil Acidity. K ok-saghy/ docs best on soils with pH  ranges of 
5.5 to 8-5. Whaley & Bowen (1947) concluded that, unless the supply of 
available calcium in a  soil is known to be high, it would be unwise to 
select for kok-saghyz production any soil, mineral or organic, where the 
pH is below 5-5. Even at this pH , it would be advisable to use lime in 
addition to the regular fertilizers. W here the surface soil has a range in 
pH of 8-5 to  9-3, satisfactor\- growth results if the underhing soil hori­
zons are perm eable and have good drainage and less than 0-2 per cent of 
soluble salts.

Organic Material. Kok-sagh)^; can be grown on soils that range from 
as low as 2 per cent to as m uch as 90 per cent of organic matter. Good 
results have been obtained on peals, on mucks, on mucky phases of 
mineral soils, and on mineral soils that range in organic-mafter content 
from about 2 to  8 per cent. T h e  beneficial effect of organic matter results 
from the physical properties o f the soil, (^garnc matter tends to promote 
granulation and increase m oisture-holding capacit>', the rate of percola­
tion, and the am ount o f  total pore space.

C l x t u a t io n

hind Preparation
Careful land preparation is essential to promote root growth and 

facilitate weed co n tro l: au tum n ploughing for spring planting is considered 
best. Only a piinim um  o f seed-bed preparation should be dt>nc in the 
spring, and th at im m ediately prior to planting, while light harrowing at 
intervals, or use o f  shallow cultivating or weeding devices, is necessar}' 
to control weeds w ithout causing excessive loosening of the soil after the 
preliminary ground preparation.

_ Deep ploughing is essential, as shallow ploughing may lail to create a 
swtable zone for the developm ent of the routs. T he shallow plough sole 
nmy create a difficult barrier for the roots to penetrate, and this may con- 
siiture a point o f  shear at the tim e o f harvest, resulting in the breakage 
of roots and the loss o f the root material below that ItvcS.

After ploughing, efforts are directed toward firming the soil and 
ablishing sufficient capillarity and pcrmeabilir>- to ensure effective 
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moisture distribufion and control. T he final step is to  p n m d e  a level seed­
bed without clods, and with a th in  dusr m ulch not over I in. in thickness. 
This last step is die onlv one \o be taken imm ediately prior to planting 
and should be accomplished with a m inimum  stirring of the previously

*^^^I^eveliing o f the seed-bed surface is  an essential operation. Unevenness 
of the surface makes it nearly impossible to ensure evenness of the seeds’ 
covering in planting. Slight depressions that allow Mater to accumulaic 
and stand may resuh in the loss of seedlings. In  Iaborator>' tests, it was 
found that evenness o f cover is  vital M'ith kok-saghyz seed. The best 
germination resulted with i/8-in . cover, whilst a progressive drop in 
germination rate occurrcd with covers from  3/16- to J-in .; with covers 
of |- in ,  or more, there was no germination. In  field operations, mois­
ture control is not equal to that possible in the laboratory, and the goal 
is to have a J-in . cover over the seed. Less than  this results in the 
loss o f seed through dr>'ing, and covers o f over -i-in. reduce the rate of 
germination.

Planting
Time of Planting. I t  is desirable that kok-saghyz seeds be planted as 

early in  the spring ^  possible, as they germinate readily at low tempera­
tures which delay germination o f the seeds o f m any competing plants. 
Kok-saghv-z also needs a maximum period for building up a large root 
and a high rubber-content before the end of the growing-season. Late 
autum n planting has been tried, both in  Russia and the United States, 
with some success. I t is necessary to plant late enough to avoid germination 
before winter and, under favourable conditions, excellent stands of kok- 
saghj-z have thus been obtained. In  the South, where kok -sag h p  is grown 
as a winter crop, it should be planted around the lirst of November—to 
give a maximum period of growth and allow harvest before the onset of 
summer temperatures.

The Seed. Kok-saghyz seeds are very small and m ust be handled 
carefully to get even distribution and uniform  cover in planting. Lysenko 
(i94i<») states that kok-saghyz seeds average about 1,360,000 to the lb. [ 
Whaley 8c Bowen {1947) state that seed produced in M innesota ran about
1.217.000 to the lb., and that the seed received from  Ru.ssia ran about
940.000 to  the lb.

Germination of the Seed. Freshly han.’ested seeds o f kok-sagh}'Z 
germinate readily, bu t soon enter into a dorm ant condition that must 
then be broken to get uniform and quick germ ination. Several m e t h o d s  
have been developed to pre-condition the seed before planting. 
methods were originated prim arilv by various Russian i n v e s t i g a t o r s ,  
including Poptsov (1935), Lysenko (1941, 1941^), and Z a s i a d n o k o v  
(1941). In  the United States, Brandes (1942), Coster (1943), K l u e n d e r  

(1943)1 {1943)1 (1943), and Ham m  (5ff Steinbauer, 1944)



^ d e  specific co n tr ib u tio n  to the understanding of the factors involved 
,ji the pre-condinonm g o f lcok-sagh>'Z seed. T he pre-conditiomng trcat- 
njents involve pum an ly  the soaking o f the seed for short periods with or 
tt-ithout the use of reduced or otherwise controlled temperatures, followed 
w  drMng at a  low tem perature  to a moisturc-contem suitable for feeding
through a seed planter.

The basic stratification * system  developed in Russia involved keeping 
nioisiened seed at a freezing tem perature for ten to fifteen davs, or until 
test seeds germ inated readily. T h e  seed can then be partially dried at a low 
temperature and taken to the field for planting. For slowly gerniinating 
seed, treatment at 50'" to 5 5 T .,  including stirring at tw o-or three-hour 
intcn^als for a day or so, may be necessary between the stratification and 
planting. Lysenko (1941) outlined an alternative method by which the 
seeds are soaked for several hours, partially dried, aerated at nx)m temper­
ature until germ ination starts, and then stored in a cold room until ihty 
ire ready to plant. Roe (1943) simplified the latter method bv merely 
staking the seeds for tw enty-four to forty-eight hours, and then dr)-ing 
them sufficiently to enable feeding through the planter.

Hamm (see S teinbauer, 1944) studied the relationship of temperature 
to germination o f kok-sagh>v, seed and found two optimal germinating 
temperatures, 5'^C. (4 i"F .)  and 25 'C . (77'F .). At these temperatures 
germination was com plete, while at intermediate temperatures it was 
incomplete. H am m  found that, i f  the seed-coat was removed, the seeds 
gcrnuruitcd com pletely at all o f  the temperatures tested, and concluded 
that the seed-coat probably was the principal cause of incomplete 
germination at the  interm ediate tem peratures, and quite likely at all 
reaiionable tem peratures.

ZehngrafF (1943) m ade a comprehensive test on a field scale of the 
value of different m ethods o f  pre-conditioning kok-sagh\-z seed. His tests 
included untreated seed, pre-chilling, KNO3 treatment by a method 
suggested by H am m  (1944), the Roe method ( w  above), and complete 
vernalization or pre-gcrm ination. T he last-mentioned treatment involved 
Wfposing moist, pre-chilled o r soaked seed to slightly below rttom tem­
perature (6o°F.) for two davs, or until about 2 per cent had sprouted. The 
seed vs-as then placed in cold storage (32’ to 40 'F .) to prevent further 
Salination. A standard  planting rate was used and the results of the 
test were m easured in  term s o f  the num ber of plants per linear foot of 
row at the end o f thirt}' days. T h e  results were: pre-germinated seed, 

plums; prc-chilleci, 6-9 p lants; Roe method, 3-3 plants; KNO3 

^eatment, 0 7  p lan ts; and untreated  check, 0 2 plants.

i t J  is a te rm  used to designate jn v  m ethod o f inducing gem m ation  of
^  f  «  are difficult to germ itia te  bv norm al ttvhniquc5. bv  str.itil>nng ih tm  in  soil. 
^«U bic, sand, o r o th e r  su itab le  m atl-rijl. In  th is condition the seeds are subjected to 

J - m u r t s  an d  m o istu re  condirions com parable to  those that would be cncuutitcred
'W  naiural h ab ita t, p articu la rly  to  those oa-iirring  m  winter.



Coster (1943) found tJiat prc-condiritmmir of the seed was not neceg- 
san- if irrigation ladlities w crt available so th at the plantings couM be 
kept moist. Kluender ( 1943) rcp<»rtcd that, in wet weather or wheaplemU 
tul moisture was available, in  the ground, unireatcd seed germinated as 
well as, or better than, prc-conditioncd seed.

Planting Equipment. Ahukhov (1939) recommeuded sowing kuk- 
sagh)^ with a disk drill to which rollers were attaclied to Hrm the seed 
in"die soil. T o  get even distribution o f  the seed, he suggested, as did 
Zasiadnokov ( i 94i)> the use o f tillers such as millet chaff or dry sawdust 
at mLxture rates of up to fifteen parts o f  filler to one of seed, by weight. 
The use o f sugar-beet equipm ent was advocated by Takushin (1935). 
Single-row plantings were the comm onest, four roA>'s being planted at a 
time using horse-drawn equipm ent, and eight to  nine rows at a time using 
tractor-drawn equipm ent. A ltukhov (1 9 3 9 )  found that, in weed-free ureas, 
two to four, or more, rows could be planted together, leaving strips 
for cultivation between the beds. T h is  increased the num ber of plants 
per acre but made subsequent culiivation difficult.

Sugar-beet planters did nor prove satisfactory in the United Slates. 
Planet Junior-t\'pe planters proved best w hen hooked up as single units to 
a planting bar so as to give flexibility' in  conform ing to the contour of the 
ground. An eight-unit planter was found suitable.

I t  was thought at first that the seed could not be dried to less than a 
moisture-content o f  about 35 per cent after the  pre-conditioning, Gm- 
siderable difficulty was e.vperienced in  obtaining an even flow uf diis 
seed through the planters. However, tests showed that the seed could 
be dried to 25 to 30 per cent m oisture-content w ithout damage. Seed 
of this lower m oisture-content can be fed through the planter without 
difficulty.

Seed Covers. In  Russia, the use o f seed covers such as peat and sand 
was found to be advantageous. T h is  was also found to be true in the 
United States where, however, the additional cost did not appear to be 
justified, although it was possible to dem onstrate th at the use of a sand 
cover would reduce the sowing rate by as m uch as 50 per cent and still 
give as good or better a stand of plants.

Seeding Rate. Whaley & Bowen (1947) stated that, to obtain fiitccn 
plants per foot o f row at the end of the season, it is necessar\‘ to make 
the imtial planting at a rate o f about 3 lb. o f  seed per acre. They 
conclude, however, that even this heav}' rate should be increased by 
as much as 50 or even 100 per ccm under poor condiiiuns nr in r(iu?li 
seed-beds. *

Vegetative Propagalwn and Tnimphinthir. Kok-saglivz can lie prop­
agated readdy by cutting the root into i-in . pieces, \Uien each piece on 
oe rooted, l  lic crown can also be preserved and rooted. Tliis mcliii.d of 
S w  in increasing the num ber .if indiviJuiJ
plants that are to be used for breeding purposes in a p l a n t - i t n p r o v e m c n t  
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„,sran,mc'. I f  A c c u tl in p  are to be shipped to anmhcr it i.
Lfcrablc tci ship the whole root and to make and root the cuttings ih c rc  
fcy  arc to be planted.

Spiicinl, DemilJ, anti Thinning

In general, the farm ing equipm ent available in any commnnit>-, and 
the farming practices o f  th a t community, will dictate the spacing for 
kok-sagliyz within rather flexible limits. I f  row crops arc raised in i8-in 
ron-s, it is usually best to pla-nt kok-saghv-z at that spacing so as to use the 
a v a i l a b l e  farm equipm ent without changc.

The problem o f spacing and densirv' involves both root and seed pro­
duction. On rhe basis o f  the available information, it is not possible to 
state categorically w hether it is best to have the plants spaced thickly in 
ft-idely-spaced rows, thinl}- in  closely-spaced rows, or in multi-row beds. 
Probably no general ru le would be possible, and soil and other variables, 
including the availability o f  planting and cultivating equipment, would 
dictate the spacing betw een rows; moreover the desirable density \s-ithin 
die row will be related to soil t>-pcs as well as to the total number of plants 
per acre. T he extrem es in spacing between single rô •̂s or beds are from 
16 to 24 in., w ith the w ider spacings necessitated by irrigation furrows or 
sepiu'ation o f closely-planted beds. T here is considerably greater variation 
allowable within the row. T h is  may be unthinned and have a densit}'- of 
over forty plants per linear foot o f row, or the density' may be as low as 
tferee or four plants per foot. \^’ith lower densities and wider spacing^, 
the individual plants grow larger but, in general, the weight of roots per 
acre and the yield o f rubber are greater with closer spacing and higher 
densities.

Thhming. T h in n in g  is a hand operation, as the close spacing required 
is difficult to attain  mechanically. \ \ ’ha1ey & Bowen (1947) state: ‘The 
evidence suggests th at th inning  is not warranted in stands having less 
tban 40 plants per linear foot o f row\’ Lysenko (1941) maintained that the 
thinning of heavy stands at the time of the first hoeing is essential. He 
recommended th at several plants be k f t  in a group to occupy 3 to 4 cm. 
(i‘2 to 1-6 in) o f a row, with about 10 cm. (about 4 in.) between groups.

Weed Control

After kok-sagh)"/: emerges from the ground, its aerial gro^vtli is 
Jtaost static for a period o f  several weeks while the rnnt is developing. 
During this time, the developm ent o f  weed plants may obscure the kok- 
^ghv'z rows and m ake m achine cultivation and weed control difficult,
■ urse crops, such as lettuce, have been used with some succcss to mark

fows and facilitate inirial m achine cultivation. Even with this, however, 
IS necessarv to keep awav some distance from the row, to avoid injury

"^tliekok-saghyz.



Nuiriihn
Kok-saghvz requires rich soil and, on soils th at are deficient in one 

or more of the elements needed lor plant growth, reacts favourably to the 
application of fertilizers. In  some eases, it has been possible to do better 
than double the jie id  o f roots through the use of fertilizers. On the other 
hand, if  the soil already contains an adequate supply of any given element, 
the addition o f that element in the form  o f fertilizer will not result in 
increased growth and may even decrease the yield. Heavy applicatirmsof 
phosphates when ploughing in  the au tum n have been effective in in- 
creasing the growth o f kok-saghyz the following spring. Phosphorus may 
be added either at the time o f ploughing or in early spring. Nitrogen and 
potassium should be applied as to one-half at planting time, one-quarter 
at the bud stage, and one-quarter at the time o f full flowering. On acid 
soils, the application o f fertilizers has usually been ineffective unless 
accompanied by the application o f lime.

Diseases of Kok-saghyz
An unidentified yellowing of the leaves o f kok-saghyz in plantings in 

the Red River Valley in M innesota was reported in 1943. The inner leaves 
of the rosettes were yellow and curled, and the tlowers and scapes were 
conspicuously distorted. T he disease was d istributed thrcjughout the 
fields, bu t affected only a few plants. Pathologists thought this to be an 
aster-yellows disease, bu t no positive identification was made. Other 
than this, and minor leaf-spots caused by  species o f Ramularia and AlUr- 
tiaria and various bacterial infections, all diseases reported in the United 
States were either o f the dam ping-off type, before and after emergence, or 
root-rots.

Specimens of diseased material were collccted from  most of the kok- 
saghyz-producing areas in the U nited States. H anson (1943) and Stein- 
bauer (1944) were able to make preliminary reports on studies of the 
disease-producing organisms; these included species of Rhizoctomu, 
Fusarium  ̂ Pythium, Sckroiium, Sclerotinia, Bolrytis, RuiiniLiriti, Jlln- 
naria, and Phoma, also Enrinia caratovora, AgTobactfriuni ttmwfacim, 
and Xanthomonas sp.

Secd-borm Diseases. Disease organisms may be carricd on the scd 
and result in pre-emergence losses, dampiu.g-olf, or root-rots. llxtcnsive 
tests were conducted on the seed received from  Rus.sia, as well as from 
lots o f seed produced in the U nited States. T h e  m ost common organism 
isolated from the Russian seed was a species o f  Fusciriunu but the seeds 
were relatively clean, and less than 3 per cent o f them  were found to be 
ntfected. Infection o f seed produced in  the U nited Stares ran much 
mgher, being from 6 to 55 per cent. Seed grown under the comparatively 
dry conditions m  the W est showed ver\^ little infection, whereas that 
u S o n  ^  conditions showed relatively high incidence of



Effective fungicidal treatm ents were de^'eloped for the seed Metros 
(purple cuprous oxide) proved best, and copper carbonatc was also 
^isfactory. I h e  use o f fungtcides increased the rate of germination of 
the seed and reduced post-germ ination damping-ofF. Seeds that had been 
treated could be given the pre-conditioning treatments without impairing 
the effectiveness o f  the  fungicidal treatments.

Hoot-rots. R oot-rots tend  to limit the cultivation of kok-^aghyz to 
northern areas where the tem peratures serve to keep the rotting organisms 
in check. In  m ost areas, kok-saghyz is little affeaed by disease as long as 
its growth is vigorous. Lack o f nutrients, poor soil-drainage, high tem­
peratures that bring  on  sum m er dormancy, and other conditions that 
slow growth, resu lt in  a high incidence of root-rots. A hea\y incidence of 
root-rot was reported by Coster (1943) in plants carried over a second 
winter. Root-rot is the principal factor terminating the winter growing- 
season in Florida, where the roots must be harvested before the onset of 
weather favourable for the  diseases.

The chief cause o f failure in making and shipping callused root- 
cuttiiigs was the incidence o f root-rots. No satisfactorj' method was 
developed of treating the cuttings after they became infected, although 
several precautions were found that would minimize the occurrence of 
root-rots in cuttings. Roots for cuttings should be in a state of vigorous 
growth, as the incidence o f rots on dormant roots is high. Roots should be 
hardened and stored a t low tem peratures as soon as they are dug. It is 
better to ship the whole root rather than rooted cuttings. Storage rooms, 
callusing trays, packing materials, etc., should be kept free from patho­
genic organisms, and diseased roots should be carefully eliminated at the 
dme of digging.

Root-rots were also a serious factor in the shipment o f roots harvested 
for rubber. In  several instances rotting started in temporar>- piles in the 
field, and the piles had to be spread out to dr}- in the open air and sunshine. 
In another case, a railcar-load of fresh rof>ts arrived at the pilot extraction 
factory in Philadelphia, Pennsylvania, with about one-half of the ship­
ment rotted, owing to heating in transit. This did not harm the rubber, 
but the putrid mass o f  roots was difficult and unpleasant to handle.

Insect and Other Pests
Grasshoppers and leafhoppers did some damage in the kuk-sagh\'z 

plantings in the northern  U nited States. Approximately 20 per ccnt of the 
plants in one field were completely defoliated when about four months 
old. The plants were not killed bur sent up new leaves by iate autumn. 
The de^’clopm ent o f the plants was delayed, and they did not flower by 
June o f the next year as would have been expected of normal second-year 
plants.

Root injur}' caused by white grubs in the Lake States and in 
Atontana was not serious’. In  Florida, there was a serious infestation
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by two species of cutworms that required the use o f poison baits ff
control.

Skabrilovich (1940) reported that, in Russia, kuk-sagh>7 is - 
.susceptible to nematode injury. T here \va,s some nematode injur\- IrT  
United States but it was not serious. ■

At Edinburgh, Texas, nearly h alf o f the seed-heads were in fested  vi' 
larvae o f a small moth, Homoeosonut electellum. 'I'liis moth laid its eec'' 
the flowei^, and the larvae fed on the seeds as they developed, Enssfr 
et al. (1944) reported a reduction in this infection after dusting the flowe”̂ 
with calcium arsenate; but there was some question as to whether th 
reduction resulted from the dusting, or w hether tlie end of the insect’*̂ 
larval cycle liad been reached. ^

In  nature, kok-saghyz occurs in m ixtures with other dandcli<,m h 
hybridizes readily with several o f these, and collections of wild swds 
contain seeds both o f the other species and o f natural hybrids. None cf 
the other species contains sufficient rubber to justify its' use for rubbirr 
production, and none o f the hybrids has been reported to be of value f(ir 
rubber. M any o f these species and hybrids are m ore vigorous than kak- 
saghyz and, if allowed to grow, will soon dom inate the piantin^r.

Before usmg any field o f kok-saghyz as a source o f seed, it is essemiai 
that all off-tj-pe plants be eliminated. T h e  rogueing should be done at 
least three times, the first occasion being as soon as the leaf characters 
are apparent, i.e. about the tim e the leaf rosette is first formed. The 
second rogueing should also be m ade on the basis o f leaf characters; it 
should be carried out when the full com plem ent o f leaves has been formed, 
but before flowering starts. T he th ird  rogueing should be done on the 
p f c  characters, bu t before the ofl’-typc plants have produced

It is also important that rogue plants be elim inated from fields that 
are to be used only for rubber production. M anv o f the rogue dandelions 
are relative y vigorous, and tend to outgrow and crowd out the slower- 
lo w in g  kok-saghyz. I f  allowed to remain, this aggressive minority mav 
coritnbute a majontv^ o f the root-crop at the end of the se;isoji'. The 
Zk  ̂ I non-rubber species arc removed the better for the kok- 

L o f these close relatives mav be more restrictive
s r o ^ h  of kok-saghvz than is that o f  other weeds. For rubber pro- 

aucnon, therefore, the first and second rogucin^s, which depend on leaf 
bask L '"■poront- T h e  third ronuci.it;, performed un the

should not be eUniim ted but, as tl.c aerial 
comnotJH reached its ma.vimum, scarcely serves to decrease
tinn °  L ‘degree th at the first two rogueings do. iVs seed produc-

thc“feTd t T m  L ?



PRODUCTION OF RUBBER FROM KOK-,SAGHYZ 

Sefd Production
flowering. In  Russia, kok-saghyz flowers some sixty to seventv 

days after sowing. In  the U nited  States, the first flowers have been re- 
porieJ from fo rty -m o to nmet>' days after sowing. There are two types 
of plants that are  distinguishable only through their flowering habits- 
one r\'pe regularly flowers in its first year, and the other does not flower 
until the sccond year. By selecting for first-year flowering, Koroleva 
(,940iz) demonstrated clearly that the t\vo types are genetically different, 
la  nature the plants do not flower in the first year; however, under 
cultivation, 20 to 30 p er cent o f the plants flower in the first year. Koroleva 
selected only first-year-flowering plants, and in the first generation was 
able to get 50 per cen t o f  the plants to flower in the first year. Selection 
was continued in  successive generations and the fourth generation of plants 
were pure for this character and all flowered in the year of sowing.

Conditions o f  growth affect the flowering of kok-saghyz and, under 
adverse conditions, plants that otherwise might be expected to flower in 
the first year m ay fail to flo\\'er then. In  the United States it was also noted 
that there was a difference among the plants that flowered in the first 
year, some flowering early and some late, Zehngraff (1943) studied the 
correlation between flowering habit and rubber-content, and reported that 
plants which flower early in the year have a lower rubber-content than 
those which flower later. Coster (1943) reported that the plants which did 
not flower in  the first year produced the largest roots, the greatest tonnage 
per acre, and had the highest rubber-content. I t was not demonstrated 
whether this higher rubber production resulted from a genetic difference, 
or from physiological differences that might have been due to the failure 
of the plant to  flower.

Pollination
Kok-saghyz is prim arily insect-pollinated, bees appearing to be the 

chief agents. W ind-pollination may occur but, being limited to a short 
distance, is probablv not a substantial factor in the reproduction of the 
plant. Cross-pollination is the rule— probably without exception during 
tlie flowering-season, though there is some self-pollination during the 
latter part o f the season.

Seeding Season
A period o f  only tw'clve to fifteen days elapses betw een the fertilization 

of the flower and maruriti,' of the seed, and seeding (activc seed production) 
starts soon after the initiation o f flowering. Summer dormancy may put

end to seeding or, if  there is no summer dormancy, the seeding may 
continue for several weeks. In  Florida, it was reported by Erambert
(1944) that kok-sagh>^ started flowering fifty-six da>-s after a November 
planting, though the plants did not reach maximum flowering until 20 
P«bruar}'. Seed was produced in considerable amounts over a sixty-day
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period. In  the northern States, first-year kok-sagh)7; produces seed in 
Juno and July, but in the second year, seed production may start in M, 
Seed of good quality has been produced in W isconsin during a period of 
mild weather in October, following a hard freeze in late ScptemC 
Altukhov (1939) reported that the seeding season in  Russia lasts for 
to three months in first-year fields, and for two m onths in second-var 
fields.

Sied Harvest. W hen the seeds o f kok-saghyz are ripe, the (lower- 
head develops into a fluffy round ball and the seeds are easily dctiched 
and dispersed by the wind. T h e  seed-collecting season extends for a lorn 
period and it is necessary to  pick the seed daily (Plate 46(a)) to avoid 
considerable loss o f seed, .^ tukhov  (1939) reported  that seed collection in 
first-season plantings requires the services o f three or four men per hec­
tare (2-47 acres), and in second-year plantings eleven to twelve men per 
hectare, each day o f the seed season. Yields were reported as 20 to 30 kg 
o f seed per hectare (18 to lb. per acre) in  first-year plantings, and 80 
to too kg. per hectare (71 to 89 lb. per acrc) in second-year plantings.

The best yield o f seeds in the U nited States, as reported bv Whaley S: 
Bowen (1947), was 1,218 lb. o f seed from  31-16 acres- -an average of about 
39 lb. o f seed per acre. H u m  & Reed (1944) com puted a theoretical peld 
from a small plot at Miles City, M ontana. T h ey  counted all of the seed- 
heads produced on sample plots during the period from  20 May to 15 
June, 1943, and reported that the  average head contained too seeds and 
that 95 per cent o f these were filled. T heir com putation indicated, for the 
stock seeded m  the autum n o f 1942, 265 lb. o f  seed per acre from single 
rows, 255 lb. per acrc fi-om double rows, and 381 lb. per acre from triple 
rows.

Both in Russia and in the U nited States, hand-harvesting of the seed 
has been the most effective m ethod o f obtaining max-imum yields. Lysenko 
(1941) revealed that Russian investigators had developed a suction machine 
p a t  could readily be constructed by a farmer. T h is  niachinc was said to 
mCTease the efficiency o f collection by no less than  fifteen times, Md to 
reduce tlie trampling and compaction o f the  soil by large numbers uf 
labourers engaged in daily hand-picking.

Stoeckeler (1943) described the Aam odt m achine, a modification of the 
Russian machine, that was constructed in the  U nited States, first a s» 
one-row iranually-operated picker and then  as a two-row power-operated 
™  ( ' 944) combined the best features o f the Russian machine
and the Aamodt nuchine, and developed a new pickcr that could be used 
either as a smgle-row pickcr or combined into a four-row unit. There hK 
not been sulficient experience with any o f  this equipm ent to determine its 
effiaency in harvesting a maximum portion o f  the crop.

itage of Development far Harvest. W hether the seed is picked by 
nano or hy machinery, it is ncccssary to know the stage o f flowering that 
IS best for pickmg. As reported by W haley & Bowen (1947), the Like
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Si»t« E x p e r im e n t  Station  a n d  the M innesota Agricultural Experimenl 
Station coopera ted  m  preparing the ^ .d e  to the stages of floral develop- 
mcnf that IS shown in T able  X IV  and illustrated in Plate ^C{b).

TA B LE  XIV

^AGES OF DEVELOPMENT OF KOK-SAGI-IYZ FLORETS AND SEEDS

Stage De^’clopment

1 T lie  yellow florets a re  fully opcii.

2 T h e  f l o r ^  have closed w ith th e  tip s  o f the y d W  corolk-Iobes protniding
above th e  involucrai b racts. Pappus not visible.

3 Sced-hcud cioscd, w ith  d ried  yellow to  brown corolla resting on top of
visible w h ite  pappus. R em ains o f corolla can be puIJed off readiJv 
still firm ly a ttached .

4 R em ains o f  corolla sloughed  off. Pappus pro trud ine as white tuft above the
iim -shapcd  to  sligh tly  spreading invo luae . Seed adhering fairly finnlv 
T h is  is th e  b est stage to coUcct seed by hand.

5 Seed-head  partia lly  open , so ib a t pappus forms a hemisphere. Seed comes
loose w ith  m odera te  pull b u t cannot be blown loose by light puff o f wind 
H airs o f  each  pappus are unfolded to give shape o f a small parachutc. 
S eed  should  n o t be a llow ed to advance beyond ihis stasre if ii is handpicked 
and  i f  m ax im um  recovery is desired.

6 Seed-head form ing practically  a full sphere. Involucrai bracts rclkxed.
Seed read ily  de tached  b y  a slight p u ff o f wind. A t rliis stage, seed must be 
picked as oflen  as tw ice a day  to prevent natural dispersal. T his is the only 
stage a t w hich  efficient mechanical seed-collection by suction devices 
appears feasible, although  .some seed in  late stage-5  o f development nuy 
be detached  w iih  strong  suction.

Seed Thrashing and Ckaning. M uch trash and dirt is collected with 
ihe seed. In hand-picking, the entire seed-head is picked, and the flowers, 
immature seed-heads, and flower scapes, constitute the major portion of 
the collection. M achine collcction is done after the seed-head has expanded, 
aQd less of the flower-head and other plant parts may be included; bur 
there is a high proportion o f d irt that is even harder to separate from the 
seed than the plant debris.

The plant trash collected with the seed in hand-picking may be separ­
ated by rubbing: the  mass on a screen, consisting of a i-in. chicken wire 
or i-in. hardware cloth, followed by final rubbing on a 14-mesh screen. 
Dr)' weather and a gentle breeze help the operation, which is quite diffi­
cult in hum id w eather. U nder optim um  conditions, it is possible to sep- 
anite plant debris and remove the pappus by a single rubbing through a 
14-mesh screen.

Storage o f Seed. T h e  storage o f seed dried to less than 12 per cent 
®oisture has apparently  nor been a serious problem in Russia, although 
'n the United States it has been difficult to store kok-saghyz seed for

extended period w ithout serious loss in germination. Roe (1943) made
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a test on seeds o f Russian o ri^ n . 7 'he test sample was dried to a moist 
contcnt o f 9-3 per cent and kept in a sealed jar a t 4 1 T .  A check samplc'^^'' 
stored unsealed at room tem perature. T he test was initiated in May 
and, in July, the original seed lots showed an actual germination o ? f  
per ccnt, with no abnormal seedlings, and a potential germination fĥ  
adding the num ber o f  hard, ungerm inatcd seeds at the end of the t ’ 
o f 92 per cent. '

Tests o f the unsealed check sample held at room temperature w 
made in April, 1943, and showed a germ ination rate o f 45 per cent with 
19 per cent additional abnormal seedlings. By Septem ber 1943, viabilL 
o f this lot had dropped to 13 per cent plus 26 per cent abnt)rma!s. The 
September 1943 tests o f the scaled sample showed a germination rate of 
S8 per ccnt.

Tests made in M arch o f  1945 and 1946 o f  one- and two-ycar-o!d 
seeds grown in the U nited States and stored in sealed containers under 
cool conditions gave, respectively, 80 to 90 per ccnt gcrminaiion. Seed 
kept in open storage at Salinas, California, had a germinaiion of 35 ptr 
cent after several years o f storage in  uncontrolled conditions.

R o o t  H a rv ect

Time o f  Harvest

T he optimum time o f han-est o f kok-saghyz (or maximum yield of 
roots and rubber is in the spring, before there has been anv appreciable 
gow th . Accumulation o f rubber continues throu[jhout the %u‘mer period, 
iiowever, soon after growth is resum ed in the sprin<r, the roDt bark, 
containmg most o f the accumulated rubber, is shed by the plant and is 
soon lost being no longer available for harvest. T he  maximum concen­
tration o f rubber is present just prior to the sliedding o f the root liark- 

b pnng  harvest, however, may be delaved bv unfav.mrable weather, 
and the shedding of the bark may take place before the harvesting i.f a 
major portion of the crop has been possible. Spring rains are essemial to 

o f kok-saghyz, b u t interrupt plnushins 
and held preparation. Even though the harvest mav be aceorapfcheii 
s r a f u i l y ,  there ,s  additional difficulty m  restoring the fields and re- 

I ?  S^l'sfactoiy' germ ination for the succeedin'; crup. 
b n rv L  „ the time o f  planting and the time of
b iren  t ' / w  dictated by the changing seasons, and the crop must be 
se3 aff?5 T  '■ o '. '^ A e r .  In  the north, ll.e chanpiii;
in defcrm- ' k iherc is much itreau-r latituJt
L  r " !  f  ‘‘S to when to slart luuvesti.H

vicid n f hh “ ns'deration factors other ihan thi niiKiimim
S t h e  h "  t „ k - s a d u / ,  i.
r e n k n r L  be re-established in suitable condition fer

g. Ihese  preparatory operations m ust be complctL-d before the
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soil freezes. W ith ihcsc fact.^rs in m iiul, s  linip musr hr .
tb3t is aslate in th c a u tu m iw s  possiWc N) cnxurr j . /
and highest conce£itxatii»n o f  rubber, I f  ii)c .soil {1,k-» nm uutr, , . '  . /  
is  p o s s ib l e  to do both harvesting and pl«iughiiij( an >vinn r 
in  most areas where kt>k-sagh\7: can he ^ruwn K; t)ic I- > • . 
nintcr f re e in g  o f the soil is normal and cstiiblislicH an 
fjrtninu operations.

Tkf Roofs o f Kok-saghyz
The roots {Plate 47) are the only parts of the kolt- ,

areimportant for rubber, the aerial portions heinp discarded 4f t| • 
harvest. T he roots are extremely variable in shape, w/e, riM rt- . - 
content. These factors are inherited separately, and it is p^Asibk m 
and breed for specific shape and size as well as for ability to a a  -  
high concentrations o f  rubber.

The roots var)' from  single, unbranthed r(x>ts to f ib r ,. , i '  - 
branched types (Plate 48). T h e  root shape is important with revpctd t : . '' 
10 the rubber-contcnt and to the ease of harvesting. In general, ih t  prr>> 
portion of bark to stele in the root is directly correlated with the rubber- 
content, and the thicker the bark is witii respect to the stele, the higher .. 
the content o f rubber. Single, unbranched roots are usually larger but h*'. - 
a lower percentage of bark and thus a lesser amount of rubber than have 
branched roots. F'lbrous roots have a higher percentage of bark but arc 
difficult to separate from  the soil in h ar\t‘sting. Roots that are somewhat 
branched can be separated from  the soil mechanically more easily than 
simple, unbranched roots, even though the simple roots may be somewhat 
larger.

Harvesting the Roots
Topping. I n  harvesting the roots of kok-saghv-z, the first operation is 

to eliminate the non-rubber-bearing tops. Ramp (1943) designed two 
types of topping m achines: one was a motor-propelled mtary mower, 
which was effecT:ive in topping at or just under the surface uf the ground. 
It was considered desirable, however, to top abi^ut |- in . above the root- 
crown, and the m achine proved incapable of toppinipat that height. The 
other topping device developed by Ramp was (if a sliding-knife t>-pe that 
cut the tops at the desired level but was diihcult to keep sharp. Knutson 
(*943) developed equipm ent that used weeding knives for topping the 
^ok-sa^hyz plants. A t first, the  tractor operator raised or lowered the 
knsves and was able to perform  satisfactorih in keeping the knives at the 
l^rrect height. Later, a shoe was mounted tu run on top of the ground to 
«i^p the knife from  cutting too low. and a compression spring was 
mounted to keep the knife down. Four sets of these weeding kmves were 
mounted on a cultivator bar to  perm it topping four rows at a rime, but ihis 
=idaptatiun was n o t entirely satisfactory as, on uneven ground, one or more



sets of knives cither floated or cut too deeply. A n advantage of the wewj. 
ing-lcnife device was that it left the tops in  place to mark the rows foj 
the d t^ c r  that followed.

Digging. Several devices were used for digging the roots. Milner 
(1939) states that a sugar-beet lifter was used successfully in R ussia  for 
digging kok-saghy7. In  the U nited States, several modified sugar-beet 
and potato lifters were used. A potato lifter was modified by Ramp (iq|,] 
to be mounted below the frame o f a farm-r>^pe tractor and proved quite 
satisfactory. This machine, according to G reen  (1943), was cfTcctive in 
digging and gathering 76-5 per cent o f the total weight o f roots to a depih 
o f 18 in, An additional 11-4 per cent o f the roots were dug but not recovered 
and the remaining i2 -i per cent o f  the roots were below the level to which 
the digger penetrated.

Washing and Drying fhc Roots. D irt and peat particles from the soil 
must be removed from the roots to facilitate drving, handling, storage 
and sliipment. I f  it is not done before, this operation m ust be performed 
at the extraction factory, and it is best done before the dirt bccimies dn' 
and hard. This is particularly true o f roots gro\vn in peatv soils, as the 
peat after drying is almost impossible to separate from  the roots, and con­
stitutes a serious obstacle to effective extraction o f  the rubber.

Washing. K nutson (1943) described a root washer consisting ufa 
section of corrugated-iron culvert pipe m ounted on rollers and set at a 
slight slope on a frame. Holes in. in diam eter were drilled in even' 
other ridge of the pipe, to allow drainage o f water and dirt. A spray pipe 
was inserted into the upper end o f the culvert pipe, and routs, fed chioucii 
it into the upper end of the culvert pipe, gradually worked their way 1:0 
the lower end as this latter pipe was rotated.

Drying. T h e  roots m ust be dried if  they are to be stored or shipped 
for some distance. I f  the roots are to be milled immediurely in a local 
factory, dry'ing may not be necessary under certain conditions, but, with 
the milling method of extraction used in the U nited States, some alrerm- 
tive method o f coagulating the latex m ust be employed if  the roots :ire 
not dried.

Russian recommendations, as reported by ‘W'haiey & Bnv,en (nu;). 
were that the roots be dried at tem peratures IxOuw i40''K. tci a uujisturc- 
co n ^n t o f 30 per cent. T hey cautioned against drving the roofs in fhc sim. 
r  1 aJ”  ^^943) reported that, in an experimental drvinii ie.sf at Oiss 
Lake, M mnesota, in early May, 1943, the roofs dried saiisfaetorily in the 
open air m  ten to twelve days. In  m ost cases, both artilicial heat anil forced 
ventilation were needed to obtain satisflictory dn 'intr w ithout the dc^clup' 
nient o f  moulds or rots. ' "

M cQ ueens studies (1943) showed that the weit^hr o f  a cubic fnot of 
uncompressed fresh roots o f  the second-year crop a\ Class Lake avenv̂ êd 
10 lb. In  the process o f dr>'ing, the roots lost an average (if 26 ]ht cent 
01 their volume, and their weight was reduced to an average 6-i It*.



cubic ft. A cubic ft. o f dry roots, compressed slightly, averaged 
8-3 lb. in weight. I t  is apparent that, in addition to the gain in storabilit>’ 
due to the drying, there is a considerable reduction possible in storage 
and transportation costs, and that tins alone could more than pav for the 
cost of drying.

Yirlds
In Russia. \^Tialey & Bowen (1947) summarized the reported yield.'; 

of kok-saghyz in  Russia as follows:

Altuthov^ reports 100 to 112 centnere •  per hectare, while in another 
paper® he reports only 50 to 60 centners per hectare. Elkin  ̂ indicates the 
averap yield is 35 centners but that this may be increased to 100 by good 
practiccs. Lysenko * stales that some collective farms which were successful 
in securing good stands produced as much as 50 to 70 centners per hectare. 
Milner ® records that one farmer harvested 36 centners per hectare, but he 
also speaks of another farm on which 35 cenmers were harvested one year 
and only 23 the following year. One report * gives the neld of first-year rooK 
as 30 to 50centners per hectare, while Takushin’ reports 100 to iiS centncrs. 
Another publication ® indicates that one farm produced only 19 cenmers 
of second-year roots. It also gives various other figures ranging from 23-7 
to 46 centncrs per hectare and lists two high yields of 75 cenmers. Zasiadno- 
kov ® reports 23 to 45 centners. It would thus appear that the average Russian 
yields range from 35 to 45 centners per hectare.

A centner is equivalent to approximately 110 lb. However, as it is under­
stood that die centners referred to in the cited Russian papers on kok-«aghyz 
are actually double centners, the average weight of roots produced per 
hectare in Russia would be from 7,700 lb. to 9,900 lb. This would be ap­
proximately 3,100 lb. to 4,000 lb. per acre.
hi the United States. On the whole, the yields in the United States 

were disappointing. M any o f  the plantings were almost or complete 
failures. Good stands and good viclds were obtained in other cases. 
Whaley & Bowen (1947) summarize the Nnclds in the United States as 
follows;

In 1942, 5,260 pounds of roots, fresh-weight, were dug at Cass Lake, Minn., 
and 8,600 pounds at Manistique, Mich. The yield of roots averaged 1,846 
pounds per acre at Cass Lake and 2,688 pounds at Alanistique. . . .  In late 
October 1942, 5 acres dug at Missoula (Montana) yielded 2,950 pounds, 
froh-weight, or an average of 590 pounds per acre. . . .  The best pniduction 
of roots in 1942 was a calculated yield of 8,328 pounds, fresh-weight, per 
acre from a small test plot at Geneva, N.Y. A small plot at St. Paul, Minn., 
gave an indicated yield of 7.934 pounds per acre, fresh-weight. . . . Root 
samples were dug on March 16, 1944, at Belle Glade, Fla. These samples 

‘ /Utukhov, 1939a.
^ ^ * 1  C en tner =  n o i  lb ., b u t apparen tly  these were ‘double centners {xe below).

'^ t u i h o v ,  19 39 . > E lkin, IQ39- < Lysenko. 194 1-
‘ M ilner, 1939 . » Polovcnko r ;  n )43 ' Takiisbm , 1939-
U.S.S.R., 19 4 1 . » Za.siadnokov, 19 4 1 .



indicaied relatively light yidils per acre for both the Novcitibcr and | 
snwinps, but samples dug on April zi indicated a maximum yield off""” 
pounds per acre for the November sowing and almost ajj much, 6,408 
for the January somng. . . .  At San Qenicnte, Calif, samples were
June 6, 1944, for calculation of root yields. The calculated yield r''?" 
October 1943 sowing was 4,455 pounds while that for the Novenibet L -  ' 
was 3,940 pounds. Samples taken at Edinburgh, Tex., on June 2 104. 
a ralculatcJ weight of 7,579 pounils o f roots per acre, with the roo ts n ™ ?  
from  3/S to I inch in diameter.

Erambert (1944) sampled the roots from  a thinning test in Florid, 
and reported that the higher the density of roots was, the higher bccam 
the yield. His calculated yields w ere: 3,456 lb. o f  roots per acre where the 
plants were thinned to four plants per linear foot o f row, 4,1713 ]b 
eight plants per linear foot, and 5,616 lb. where there w ere twenty planis 
per linear foot. T he highest yield o f  roots was from  an unthinncd plot 
with 115 plants per linear foot o f row.

 ̂Zehngraff & Aamodt (1944) calculated yields o f  sccond-year stands in 
Minnesota as from 64 to 97 Ib. o f rubber per acre on 27 May, and fram 
74 to loS lb. per acre on 12 June— a significant gain showing that there is 
an appreciable change of other substances into rubber in the beginning of 
the second year's growth before the sloughing o f the old bark. It is not 
clear whether this new formation o f rubber consists in the enrichment of 
the rubber-content^ o f  the vessels form ed during the  previous year, or 
whether it consists in the formation o f  new latex vessels inside thesepam- 
tion layer prior to the sloughing off o f the old b.ark.

T he yield records furnished by W halev & Bowen (1947) do not sem 
the purpose of determining average yields o f  rubber from the plantings 
m  tiie United States, as the yields are given in term s o f frcsh-wcight aiid 
the yields o f  rabber are given as percem age o f dr^■^^ eight. It is under­
stood that the mean acre-pcid  o f n ib b cr in the U nited Slates was less 
than 40 lb of rubber. Yields o f rubber at the rate of over 100 lb. per 
acre were, however, obtained in several instances.

Storage

Ignatiev a  at. (1940) and N eum an & Dobrovolskaia (1940) have te- 
^ r t e d  on ex tcrave tests o f  different m ethods o f storage and their elfe® 
a n r J  carbohydrate contents. Fresh roots were

P‘' “ " ‘‘h hurlap, straw, or oiIkt
nor a ” ■ stored in bags and protected against rain but

"’’“"Scs. Laboratory rests were made of the 
concbK T ™ '*  “ PO" small lots o f roots. The general
folio '‘'"'■■‘I ■>
down to° - 7  "* roots are not harm ed by temperatures
rubber inr- ^ I I ,  ‘*“ ''>''6 this storage the amount of
rubber increased but the carbohydrates decreased

,



Ho tests were conducted in the U nited States on the storage of undried 
,» ts ,  but an unfortitnate occurrence of 50 per cent rot in a shipment of 
fresh roots convinced m ost o f the investigators in the United States that 
drying was necessary, if  the roots w r e  to be stored or shipped in bulk

• Shipment According to  Whaley & Bowen (194,), an average 40-f. 
piUvay truclt, such  as kok-saghyz would be shipped in, « ill hold 8 tons 
of loose dried roots. In  the Um ted States, however, freight rates on a .ri- 
culmral commodities require payment for a minimum of 10 to 15 tons in 
truckload lots, and it was necessary to compress the volume of tlic roots 
by baling them.
' Two types o f bale covering, hardware-cloth and burlap, were tested, 

Six cubic ft. o f  loose, dried roots were compressed into 4-12 cubic ft. in the 
brdware-clorh bale, and 10 cubic ft. of such loose roots were compressed 
into 4-68 cubic ft. in the bales with burlap cover. After ten days, the roots 
in the hardware-cloth bale were in good condition, exhibiting little 
breakage. Roots in  the  burlap covers also showed little breakage, but some 
mould had developed on them . In  shipment to the extraction factor\’’, the 
hardware-cloth bale arrived in perfect condition, while the burlap'bales 
became loose.

Under some conditions, it was found that dried roots gained moisture in 
storage or after baling. K nutson (1943) found that roots which had been 
dried to a m oisture-content of 15 per cent, or less, resorbed moisture 
more slowly than  roots which had been dried to a higher moisture-content. 
In fact, some o f  the  low-moisture samples even lost weight after exposure 
to atmospheric conditions, and all shrank in volume.

E x tra ction  o f  t h e  R l-bber

Though the rubber in kok-sagh}‘z is contained in an articulated latex- 
vessel sj'stem comparable with that of it is impossible to obtain the 
rubber by tapping. I t  is neccssar)-, instead, to utilize mechanical methods 
of extraction com parable with those that havc'becn used for extracting the 
rubber from guajnile which, though it contains rubber in the form of 
latex, has the latex in separate cells.

Extraction as Latex. I t  has been possible to extract the rubber from 
both guay-ule and kok-saghv'z in the form of latex. This is somewhat 
more easily accomplished in the case of kok-saghyz than it is with gua}-ule, 
as the latex vessels in  the form er are continuous. The latex is readily 
captured as a dilute suspension in \\atcr and can then be stabilized with 
suitable anticoagulants. H igh-speed centrifuging of this dilute lale.x is 
effective in  bringing about a concentration to a usable level, at which the 
'atex is comparable with that o f Hevcd.

Exrraciion by Chemical Dtgestion. I 'h e  latex in ktik-sagh.w. can be 
coagulated by dilute alkalis that also serve to digest the plant ti.ssue. This 
pnnciplc has been used extensively in Russia for the commercial extraction



o f rabbcr from lllis plant. After digestion by boiling with the alhli 
fine pirticles arc separated by repeated ccntrifuging and flotation ’ 

Meciimical Extraclim. Kok-saghyz roots contain up to 45 
of soluble carbohydrates, by  d ry -«eigh t, which have considerable 
product value. These carbohydrates are leached out o f the roots with k*' 
water—a treatment which also softens the root tissues and coamlai" 
the rubber in fine filaments. ®

WTien the leachcd roots are milled in a pebble mill, such as that used 
for the extraction of rubber from  guayTile, the separation of the rubber 
by flotation is difficult, due to incom plete isolation o f the  rubber from ibj 
plant tissues.

Eskew & Edn-ards (1946), o f  the E astern  Regional Research Libon. 
tory o f  the United Stales D epartm ent o f Agriculture, devised and patenttd 
a new process that overcame the difficulties and resulted in an easy and 
efTcctivc procedure for extracting kok-saghyz rubber. This process con­
sists in pebble-milling the leached roots for about tw enty minutes in water 
using a ratio o f  20 parts o f  water to one o f  solids, which rolls together 
the fine filaments o f rubber and loosens m ost o f the soft tissues. The slum 
resulting from this milling is diluted w ith five tim es its weight of nater, 
being then passed over a vibrating screen, whereby 60 to 6 j per cent of 
the solids other than rubber are elim inated through the screen. The 
nuterial passing over the screen consists alm ost entirely of rubber, with 
some root ‘skins’ and other tissue fragm ents. A  secondary pebble-milling 
for twcnt)'-two m inutes, using 22 parts o f w ater to one of solids, further 
eliminates the non-rubber constituents so th at the conventional contin­
uous flotation process that is utilized for guaj-ule is effective in recovenn; 
the l ib b e r. T he rubber is then  washed on  a vibrating screen and floated 
to eliminate traces o f entrapped debris. After de-w atering in a centrifuge, 
am i^x idan t is added to the rubber in a m ixer and it can then be dried iin 
continuous through-circulation, m ultiplc-belt drier.

This process was effective in recovering over 90 per cent of the total 
rubber in the  roots. Because o f the character o f  the roots, the extraction 
ol rubber from kok-saghyz is sim pler and less expensive than the similar 
process used for extracting the  rubber from  guavule. A schematic outline 
01 the process is shown in Fig. 6.

E c o n o m ic s  o i '  P r o d u c t io n

Kok-saghyz is one o f  the m ost costiv of all tu b b c t  
crops. 1 his IS  owing prim arily to the high cost o f  field production, since 

7  O n the basis o f  war-time e x p e r ie n c e ,
n  naley & Bow'en (1947) estimated th at in the United .States the field 

costs exclusive o f costs for the production o f  seed, would b e  81

o 504073 per acre. On the basis o f available information, these authors 
esttmated that future costs o f production in the U nited  St.ates might be 
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rediiccd to $219-50 per acrc on mineral soil in tlie Lake States, Jz,. 
on peat soils in the Lake States, and 3360-25 under irrigation i,? 
western states. Even with the  best >'ields recorded, this would mjl,c 
field costs o f producing rubber $2 to *4 per lb. Quadrupling the j-iju! 
by breeding and selection is biologically possible, bu t would still lave Z  
field cost o f the rubber excessive—unless i t  were possible to reducc tit 
cost of field operations materially.

Exlract 'mn Costs. Whaley & Bowen (1947) presented estimates of 
tlie factory costs, prepared by the Eastern Regional Research Labotatorv 
of the United States Departm ent o f  Agriculture, showing that the a- 
traction costs would am ount to 19-73 cents (including 7-83 cents for Sj«i 
charges, interest, taxes, amortization, and insurance) per lb. of rubber for 
plants harvested in tlie autum n, and 14-54 eents (including 5 49 cents foi 
feed  charges) per lb. o f rubber from  plants harvested in the spring. The 
difference, in costs results from  the higher carbohydrate-content of ilit 
fall-harvested plants. However, the carbohydrates recovered would havci 
net by-product value o f 13-78 cents per lb. o f  rubber, reducing the cost of 
extracting the rubber from fall-harvested p lants to 5-95 cents per lb. 
The carbohydrate-content o f the spring-harvested plants would be too 
low to justify their recovery.



P R O D U C TIO N  O F  RU B B ER  F R O M  O T H E R  P L .\N T S

P r a c t i c a l  methods o f ru b b er production have been worked out for 
scverai plants other than  those th at have been treated in detail in the 
nrcccding chapters. F rom  the standpoint of understanding m odem 
methods of rubber production, it is not necessar>- to study these other 
plants. Vet special m ethods o f  production were needed for each, and a 
recognition of the m ethods used, and o f the responses o f the various plants, 
is essential to a broad understanding o f the occurrence of natural rubber.

Since the plants th at are to be considered are not commercial sources of 
plantation rubber, it does not seem desirable to go into great detail in 
describing the m ethods o f  production. Rather, it seems best to d^crib e  
rubber production in general term s, and to reserve detailed discussion for 
those features that are com parable to processes used in rubber production 
from Hevea, guayule, or kok-Kighyz, and thus useful for classification, 
or that are unique, and thus o f  possible use in understanding the natural 
processes o f rubber form ation as revealed by the site of rubber formation, 
or by the reaction o f the p lan t to  tapping or other methods of harv'est.

C ^S T IL IA

From the standpoin t o f ru b b er production, Castilla (see pp. 91 ff.) is 
comparable to Hevea in  that the rubber is obtained by tapping. Mechanical 
methods of exploitation, tested in the a ttem pt to produce rubber quickly 
during World W ar I I ,  were ineffective in  obtaining rubber either from the 
bark of old trees or from  young ‘seedlings’. These methods consisted of 
squeezing the bark obtained from  old trees, or else whole yearling trees, 
tlirough heav>  ̂rolls such as are used in sugar-cane mills.

Records show th at Castilla ^\as planted several decades earlier than 
>Jie first Hevea. Large plantations o f Castilla were being planted in Mexico 
' ;̂hcn the first experim ental plantings of Hnra  were being set out. Several 
<liffercnces in the m ethods o f  exploitation led to the choice o f Hevea 
over Castilla in  the early days o f  planting.

The early planting o f  Casttlk was guided by the speculator rather 
Ulan by the p lan ter, b u t although the speculator was a valuable and neces- 

factor in  the developm ent o f Hcvi'a plantings, the actual planting 
in the hands o f  highly skilled agriculturists. Adequate recognition has 

iiever been given to the  role o f the English Kew Gardens in the m itiation 
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o f the rubber plantarion industry. T h e  G ardens have been noted 
the ccntre through which W ickham’s seeds passed on their way to iK 
East; but they M ere also the Alma Mater o f  hundreds of skilled hoi^ral 
and ^ c u k u r i s t s  who were basically responsible for starting the industry 
on a sound, practical basis.

Unstable governments provided unsuitable conditions for the dcvelon. 
ment o f a plantation industry in M exico where Castilla was planted, whi  ̂
a stable colonial system o f governm ent provided an economically healthy 
environment for agricultural developm ent in the  Eastern tropics urnjer 
the control of the British and D utch . T h e  availability o f research stations 
and the application o f their findings to ru b b er production, were made 
possible by governmental stability and constituted an outstanding feature 
of the development o f Hevea plantations.

F ast-b lee ing  Castilla was peculiarly subject to  bandit depredations 
during the unstable period o f M exican governm ent. A half to a whole 
year’s jield  o f rubber could be stolen in a single night—which could not 
be accomplished witli Hevea in  the post-war period o f  unsettled conditions 
in the Far East, in spite o f constant and continued thefts.

Planting
Plantmg o f Castilla has been chiefly o f  Castilla elastica, though many 

o f the plantings have actually consisted o f  o ther, closely similar species 
such as C. costaricana and C. panamensis. F or some unknown reason, diere 
is no record of extensive plantings o f C. vlei, the Amazonian specics that 
has served as the chief source o f the Caucho rubber o f the Amazon Valiev.

Planting o f Castilla has been alm ost solely by seed. Vegetative propa­
gation by cuttmgs is possible b u t has n o t been utilized extensively in 
plantation development. T h e  seeds are small and are normally produced in 
large numbers. T he p th e r in g  o f seed in  native stands is easily accom­
plished, though there is no record o f any consistent efforts to select superior 
types of Castilla  ̂and no breeding work has been done. Castilla seeds are 
sim ibr to those o f Hevea in th at they arc short-lived and miisr be 
plimted promptly. They  can be shipped considerable distances, aitcr 
being packed with a suitable moist packing m aterial, and have been sent 
throughout the tropical M^orld.

Castilla is a fast-growing b u t slow -m aturing tree and, while it oiit^Tn«s 
linieam  its early stages, it is m uch longer in  attaining its maximum rate 
ot rubber >ield. Because o f its w ide-spreading buttress roots (Plate 13 {̂ ))< 
it cannot be planted as closely as Hevea. Castilla elastica requires less 
ramfall than Hevea and can be cultivated in  areas that are more healthy tor 
the gan ters and tappers. Castilla also thrives in areas that are f a v o u r a b le  
tor Hevea and thus lias a much greater over-all adaptability to s o i l  and  
c imate than has Hevea. T h e  characteristic differences between 
and / W  with respect to  rubber p roduction are the character of the bark, 
iatex flow, latex renewal, and the separation o f  the rubber from the lates- 
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rhe Bark
The untapped bark  o f  a ‘seedling’ Castilla tree is smoother than that of 

a similar tree o f Hevea. However, it is thicker and more difficult to tap. 
The tapping knives used for Hevea are not suited for Castilla, which 
requires a heavier knife (Plate 50) that is capable of making a deeper cut. 
Even with die heavier knife, it is customar)' to have a sharp edge on the 
revefse edge o f  the knife-blade to deepen the groove and open up all 
laiex vessels. T h is  is even more essential than close-tapping of Hrcea, 
as the latex vessels o f  Castilla do not anastomose. In  Hevea, latex is 
drained from  unsevered latex vessels through the anastomosing connec­
tions with severed vessels, bu t such drainage is not possible in the non­
articulated vessels o f  Castilla.

The bark o f Castilla does not renew itself as does that of Hevea after 
tapping. Instead o f smooth, new bark being formed as in Hrcca, the bark 
of Castilla forms callus tissue along the lapping cut. This callus tissue is 
hard and difficult to  penetrate in subsequent tapping. T he cut in Castilla 
is to the full depth  at one tapping and it is not po^ible to approach the 
cambium gradually as in Hevea.

It is possible to tap Hevea repeatedly and leave a relatively smooth 
surface for bark renewal and subsequent re-tapping, ^\'ith Casiilla, this 
is not possible and, even with the most conser\ative tapping, a tree that 
has been tapped a dozen times presents a scarred surface with little smooth 
bark for further tapping.

Laiex Flow
WTien Hevea is first tapped, there is little or no flow of latex but, after 

the initial period, the flow of latex is instant and copious when the cut is 
reopened. Castilla bleeds freely when first tapped and does not respond to 
repeated tapping, T he  latex in untapped trees does not attain the high 
concentration o f rubber that is characteristic of untapped Hevea and 
which, in the latter, must he overcome through dilution resulting 
from repeated tapping before the flow rate is established. When the Castilla 
tree is first tapped, the fluid latex gushes out w ithout need of dilution 
and flows from  the severed tubes without hindrance. Internal friction is 
much less in the simple Kuex-vessel system of Casiilla than in the articu­
lated, ajiastomosed latex-vessel system of Hevea.

Latex ReneTPal
After the flow o f latex stops in Hevea, ri-neual is prompt and, by the 

afternoon o f the same dav or the next morning, the iUiw can be renewed by 
re-opening rhe cut. Regeneration «f the rubber is an extremely slow process 
in Castilla, and a period of from t\\ o to si\ months is required before 
rc-tapping o f the trees becomes prolitable. It is not practicable to re-open 
a cut in Castilla, because of the calhis formation during the long mterval 
between tappings. N eu tappings arc made parallel to the first ones, or 
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ss them. l?odi types of curs are applied uuril finally the surface Af ,1, 
is Grossed and criss-crossed with u^ l̂y scars.

are
Wherciis lieveu is tapped witii only one or at most twu cuts that 

re-opcned on a regular schedule throu«:h several to many years, Caj/i/f, 
is tapped with many cuts reaching as far up  the tree as possible (pUj. 
49 and 50). The restricted area drained in a single tapping o['IIneayk[l 
litdc latex compared witli th at obtainable in a single tapping o(Castik 
On repeated tapping, however, Hevea yields far more rubber per tr« 
over a vear’s rime than does Castilla. T h e  Castilla tree yields heavilv at 
each tapping but can be tapped only from  one to four times a v^r 
A tapper can tap from 250 to 400 Hevea trees in  a day; but t\vem\ \rets 
maj' constitute a hard day’s work for a tapper o f  Casiilla.

Codgulaiim
Rubber is the chief constituent o f  Hevea latex, in which it constitutes 

over go per cent o f the solid m aterial. Coagulation o f Hevea latex is 
simple, direct, and easily controlled as described earlier.

Rubber is also the major constituent o f Castilla latex, but here the 
proportion o f non-rubber constituents is large and variable. Thev are ofa 
character which affects the stability o f  the  latex, and must be eliminated 
to obtain a  high-quality rubber. T h e  non-rubber constituenis tif the ktcx 
can be removed advantageously before the coagulation of the latex. The 
latex is first diluted with from one to three volumes o f water and alloweti 
to cream. T he  water, containing a portion o f  the warer-soliible substances 
in the latex, settles to the bottom  and can be w ithdrawn. This process may 
with advantage be repeated several times. Q iagulatitm  can then be brought 
about by the addition o f five volumes o f water.

Unwashed Castilla latex can be coagulatcd by natural fermentation 
or by the use o f  decoctions o f native clim bing plants. These methods arc 
crude and not capable o f  precise c o n tro l; the rubber contains a major 
portion o f the non-rubber constituents o f  tlie latex, being much less pure 
than that produced by the treatm ent w ith water.

Ficus

Ficus elauicn (see pp. 32, 38, 43), the R am bim ? rubber tri^', is i«
ol the older of the known rubber plants, and was probaliK tlic llrst native 
of the East to serve as a commercial source o f rubber. I t  is nn’Sf closely 
related to the Castilla rubber tree, and is sim ilar to tivat tree in its ability 
to produce rubber and in  the metliods required for its e x p lo i t u iW ^  
a large tree and m ust be grown a t low planting densities.

in (he United States, Ficus elastica and its close relalives aiv gru\\-nis 
house plants and are commonly known as ‘ru b b er plants’. It i-s P"ssî ^̂  
tnat more people think of Ficus as the real rubber plant than are 
with Hevea.



L ik e  that o f  Castilla, iht latex of Ficm is very- sable and will remain 
fluid much longer d ian  the latex o f Hevea, without the need of a preserva 
»vc. T he latex o f both  Ficus and Castilla can be purified by adding water
and creaming.

F u n t u m ia

Funtumid {see pp. 3 3 ,’36) is a sk-nder tree with thin bark, and 
thousands of acrcs o f  it v.ere planted in the belief tliat it was the best 
rubber tree for use in  Africa. Though it has a simple latex-vessel s)’stem 
like that o f  Cdstilla, Funiumia is tapped for its rubber with a knife similar 
to that used for Hevea. I t  m ust be tapped with multiple cuts to drain as 
much latex as possible at a single tapping, and requires a comparatively 
long time for the regeneration o f the rubber after tapping.

The unique feature o f  Funtumia is the unusual stability of the latex, 
which coagulates spontaneously in tlie air but, if  kept scaled, can be stored 
for long periods w ithout a preservative. Coagulation can then be induced 
b>' the addition o f fru it acids or by the use of heat.

Funtumia is propagated entirely by seeds which are produced in long, 
blunt pods (Plate i{b)). T he tree is tall as well as slender, and may be 
planted at from  tw^o to three times the densit)- of Hevea. I t  is highly 
susceptible to root diseases and m ust be grown in well-drained soil. 
Because o f root diseases, Funtumia is easily blown over by winds and 
cannot be grown successfully -where winds of high velocit)- are common.

In the early days o f rubber planting, the Ceara rubber tree, Manihot 
iziovii (see pp. 33, 51), was planted e.vtensivcly. I t was considered 

particularly prom ising for tropical areas where the rainfall was not suffi­
cient for the cultivation of Hrcca. Plantings of .il. giaziovii were made 
throughout the tropics and even in parts of the subtropics, but the largest 
area was in the then Germ an and British East Africa, where millions of 
trees were planted.

Planting
Manihot was planted entirely b\' seed. Like other members of the 

Euphorbiaceac, Manihot produces its seeds in puds containing three seeds 
^ch. T he seeds o f  Manihot are not as perishable as those of Hevea, and 

be shipped for long distances without danger of loss of germinating 
power.

Manihot giaziovii is a small tree compared with Utrea oT Cdstilla, and 
be planted m uch more densely, normal rates uf planting in Africa 

^ in g  reported as 700, or more, trees to the acre.
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Tappmi
Maniho! has a thin, scaly bark and cannot be tapped in the same nun 

as the medium-barked Hevea or thick-barked CasUIla. The meth„j7 !  
tapping that were used can be classified in to  two groups: multipit cin 
such as the various herring-bone tap s ; and pricking m ethods by which tL 
outer, scaly bark \ras removed first by mild scraping, and then some hpeof 
a pricker (such as a roller w ith num erous fine needle-points) was appii^, 
the surface of the bark. T he  pricking devicc m ade many small incision 
through the bark, and the latex oozed out and trickled down the surfia 
o f the tree.

The latex of Manihot coagulates spontaneously and most tapping hjj 
depended on allowing the latex to coagulate on the surface of the bark. 
T he dried rubber was then  stripped off after several days. The rubber 
comes off in long strips that can then  be w ound into small balls.

Some efforts were m ade to develop devices to induce the latex to nin 
do^\-n the tapping cut so that it could be collected in the form of latex and 
coagulated with acids, as is done w ith Hevea. Allowing a small trickle of 
water with a slight amm onia-content to run  down the tapping cut \sas 
effective in promoting the flow o f latex. V arious o ther materials, such as 
pepper, were used as stimulants to increase the flow o f latex. A superior-  
type of rubber was said to be obtained by collecting the latex in liquid 
form instead of allowing it to coagulate on the tree.

C r y p t o s t e g i a

Cryptostegia grandifloru {see pp . 152 ff.) is a climbing shrub that m  
be planted at a high densit\- as com pared with Hrcea. J t can be propa­
gated vegetarively, and it is necessary to propagate the hvbrid strains 
entirely by cuttings as they do not come true from  seed. T he spccies, both 
C. grandijlora and C. madaguscariensis are, however, propagated entirely 
by seed. T he seeds are produced in abundance in pods that arc somewhat 
stouter and more pointed than  those o f Funiumia (Plate 51).

Like Hevea, CryptosTegia has its rubber in the form  of latex; but the 
latex vessels are similar to those o f Funiumia and CuiHlld, being long, 
non-articulated tubes that branch b u t do not anastomose. These btex 
vessels have nuclei only in the growing tips and, as in the cases of those of 
H nlum ia  and Casltlla, require an appreciable time for the reiieneration of 
the rubber after the latex has been drained off. T he rubber can he oV 
Uined by tapping the individual stems o f  the plants, and this is the maaner 
in which native rubber has been obtained from  this plant sincc the midille 
o f the nineteenth century.

Plammg
Cryptostegia is similar to the tree crops in its ability lo grow to gr® 

eights. However, it requires a  support to do so as the stems are too small
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f„t efficient individual tapping by  hand, and the plant is best grown as a 
field crop o f fairly high density. Density is, of course, relative and, in the 
lice crops, ranges from  around fifty trees per acre for CaMk and Ficus 
to lt»  to 200 trees per acre for Hcvea, and 700 or more trees per acre for 
Manihot.

Among the field crops, ^ a y u le  is planted at densities of 8,000 to
16,000 per acre and kok-saghyz at from 100,000 to over a million pknus 
per acre. Cryptostegia is best planted at spacings allowing 1,000 to 8,ooo 
per acre, and thus is above the highest dcnsit>' suggested for tree crops 
but below th at for gua>-ule. Faulks & McGavack (1945), however, con­
sidered that for their d ipp ing  method o f harvest oi Cryptostegia d. \n\izh. 
greater density would be best. They suggested a spacing of i y  i ft. in 
eight-row blocks, w ith a one-row skip between blocks. This would give a 
density o f some 38,720 plants per acre,

Under m ost conditions, Cryptostegia will give satisfactor>’ growth at 
spacings o f from 5 to  8 ft. between rows and with the plants spaced at 
from 2 to 4 ft. in  the row. T h e  seed can be planted direct by machine, 
or seedlings may be raised in nurseries and transplanted to the field at 
predetermined spacings. Normally, the seeds have a high rate o f germina­
tion and, i f  seeds are abundant, it is best to plant direct in the field rather 
than in nurseries. I f  rainfall is uncertain, irrigation should be available 
at the time o f germ ination. U nder dry conditions, field irrigation is 
nccessar\- to n ^ in ta in  an optim um  rate o f grovtth. Under wet conditions, 
quick germ ination may be expected but suitable drainage is neces^ry 
for the best growth, though Cryptostegia has been found growing wild in 
swamps.

In Mexico, Cryptostegia was found to be susceptible to damage from 
Texas root-rot caused by Phymiitotrichum omnrcorum. Land known to be 
infested w'ith this fungus, or lying in areas where the fungus is found on 
native vegetation, should be avoided.

In  the early stages, Cryptostegia can be culti^■ated in a manner similar 
to many other field crops. W ithin one to three years, the plants close in 
and occupy the entire area; thereafter little cultivation is necesar}’, 
exccpt for weed suppression, and the use of mechanical equipment is 
difficult.

Rubber Harvesting
Cryptostegia produces a rubber o f good quality' but the har\est}ng of 

the rubber is difficult. T he plants can be tapped, but the operation is slow 
and the plants have a slow rate o f rubber regeneration. The various tip- 
bleeding methods have been discussed pre\ iously{;f^ pp. 162 tf.), the most 
successful being that used in Haiti (Plates 52 and 53). Faulks & 
McGavack (1945) combined the tip-bleeding with collection of the p lu p  
that formed at the tips o f indi\ndual stems after bleeding. T he rubber in 

plug was obtained by mechanical treatment similar to that used for
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obtaining rubber from giiayule. This represented the most highly 
znizcd method developed for the  harvest o f  Crypiouegia nibhcr.’

G o l d e n r o d

Planting
■ Goldenrod (Plate 54 and pp. 164 fF.) is a field crop comparable«i,L 

gua>iile and kok-saghfz. I t was not found practicable to propae« 
goldenrod by seed, except in breeding tests where the seedlings 
grown in the greenhouse and transplanted to the field after attaining 
height of from 4 to 6 in. F ield propagation has been by means of the new 
shoots that come from the underground stolons. These stolons are pro- 
duced in great abundance in some species o f goldenrod, and mav send 
up a shoot ar every internode. Goldenrod is grow-n at a densit\- of froui
10,000 to 20,000 plants per acre, in rows o f  a suitable spacing to permit 
mechanical cultivation by the available machinery.

Goldenrod cultivation does not differ in  any major respect from tliai of 
other field crops which are grown in rows. T h e  plants react favourablv 
to fertilization, requiring h ea \y  applications for optim um  growth on poor 
soils, bu t possibly somewhat less fertilizer than  other row crops when 
grown on the better soils. G oldenrod can be grown as a perennial crop 
but in the second and subsequent years requires drastic thinning of the 
new stolon shoots (Plate 55).

Harvesting the Leaves
Goldenrod has no latex-vessel system  such as is fdund in the tree 

rubbers and in kok-saghyz. I t  also lacks the specialized storage cdls 
found in guajTile. I t  is probably not unique in having its rubber associated 
with the chloroplasts in the parenchym atous cells o f  the leaves and uTcen 
tips o f the stems and branches. Cryptostegia grandijlara also has been 
reported to contain such rubber, in addition to its characterisdc latex 
rubber, and it is probable that m any other p lants also have rubber in this 
form. Though comparable with guayule in having its rubber in separate 
cells, rather than in continuous latex vessels as in most rubber-bearing 
plants, goldenrod has these cells in the leaves, while in guayule the leaves 
are ^ m o st worthless so far as rubber content is concerned.

T he harvesting o f the leaves separate from  the stem frairmenis t5 
extremely difficult, and it has not been possible to produce pure Icaf- 
tissue for use in extracting the rubber. H and-picking o f the leaves is slow 
and costly, and all machines th at have been tested" ft>r mechanicil har­
vesting collect a preponderant proportion o f  stem  and branch pieces.

Extraction of the Rubber
Haefele & M cGavack (1944) developed a successful method of es- 

tractm g rubber from  goldenrod in a pebble mill similar to that used fof
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extracting rubber fr{>m guayule and kok-saglip. m e n  goldenrod leaves 
are TTiilled in water, they form a iieavy froth and it is impossible to the 
rubber to agglomerate properly. Haefele & McGavack found th a t \  i to 
. per cent solution o f alkali hydroxide, including hvdnjxides of the a M  
metals and ammonia bur not o f  the alkaline-earth'metals, repressed the 
frothing due to the  saponin-like materials and freed the rubber from the 
csUs. They deresinated the leaves chemically before milling.

Sgheiit Extraction
Under the Em ergency Rubber Project of the United States Depart­

ment of Agriculture, the task of extracting rubber from goldenrod leaves 
was assigned to the Southern Regional Research Laborator>' t*f the Bureau

of - /^ c u ltu ra l  and Industrial Chcmistr>'. Extraction of the rubber by 
solvents was decided upon as tlie nv)st promising procedure. This work 
was greatly retarded by the impossibility rjf pri)ducing trash-free leaves, 
the laboratory receiving material with less than 2 per cent of rubber as 
compared w ith an average of 6 per cent in the pure leaves (by dr\'-weight).

The process that gave the best results involved, :is a first step, the 
^ tm e n t  o f the dried and ground leaves with acetone to eliminate the 
non-rubber materials usually designated as resins. The rubber was then 
« tracted with benzol. At first, it was found that, in spite of the prelim- 
inary extracti(m with acetdnc, the rosin content ol the benzol fraction ran 
^  Wgh as 15 to 20 per cent. Even after the miijor portion o! the resin was 
cHminated, die rubber was too soft for use on mLxing rolls and so a
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method o f partial vulcanization was developed for combination with ,1, 
extraction process to producc a rubber suitable for commcrcial

Attention was also given to the extraction of the water-soluble miffiri* 
prior to the acetone extraction and to the ehm ination of some of ths 
rubber portions o f the plants by  retting. T hese additions to the proccssi^ 
of goldenrod were not perfected for use, b u t there was indication thatth! 
bulk of the material to be handled in  the extraction cells could be reducoi 

WTiile commercial production o f  ru b b er did not result from thest 
tests, several hundred pounds o f  rubber were produced and the f®;. 
bilitj' of producing rubber by solvent extraction was demonstrated, h  
tliis case, the rubber was extremely soft and needed to be pte-vulcanizej 
to some extent before it could be handled satisfactorily on the raising 
mills in the rubber factories.

The extraction method has been described by M cRennon et al.
The flow chart for the process is shown in Fig. 7.
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P l a n t a t i o n  v . F a c t o r y  P r o d u c t i o n

T h e  rubber plantation industr}- replaced the wild rubber industry in the 
early part of the tw entieth  century and left stranded populations with 
little chance o f survival. Now , in its tu rn , the plantation industry' is 
rapidly being equalled, and may eventually be overm atched in importance, 
bv factory production. Yet, st> far, tliere has been no dimiTiution in 
plantation production due to the com petition o f the factor)' product, and 
plantation workers have not been deprived o f employm ent. T h e  rapid 
gain in importance o f m anufactured rubber in com parison with plantation 
rubber has resulted fnm i the war, which encouraged the developm ent of 
synthetic rubbers and at the same tim e strangled the expansion o f planta­
tions. Trem endous com m ercial developm ent in the post-war period has 
led to greater and greater needs for rubber. Owing to lack o f expansion 
during the war period, the plantations have been unable to increase 
production in line witli the growing dem and. Biological lim itations on 
the growth-rate o f trees p u t a definite check on rapid expansion. Financial 
inertia due to psychological uncertainties regarding the future com petition 
of natural and synthetic rubbers has further retarded  expansion. T h e  
same financial uncertainties have also beset the synthetic industr>\ but 
they have not held back the expansion o f factory production to the degree 
that planting has been retarded.

The development o f a p lan tation— from  the first clearing, through the 
planting o f the seed, budding , transplanting, and grow th of the tree to a 
tappable size—is m atched  in  the constructiim  o f a factory in the develop­
ment of architectural and engineering details, and the transposing o f those 
uetails from the draw ing board to the factor)' site. Adequate pressure and 
mcreased m an-hours can greatly reduce the time o f this translation o f plans 
iiitu fiictories; bu t no such speed-up  is possible in growing a tree. T h e  
entire initial expansion o f  the Am erican sra th e tic -ru b b er industr)- during 
«^r-time took less tim e than  th at needed to bring a single rubber tree

tap, and less than  ha lf the  tim e needed to bring a tree into full yield.

Scgimmgi o f Rubber Culture
The developm ent o f the synthetic rubber industry has been contem ­

poraneous with th at ot the  Ilevea p lan tation  industry. T h e  in troduction o f 
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Hnira into the East was rcpottc-dly urged by Jam es Collins in ,86, He 
«-as abetted bv Sir a e m e n ts  M arkham , Ass.siant Sccretarj' of the Injij 
Officc and Sir Joseph Dalton Hooker, D irector o f the Royal Boia^c 
Gardens at Kew. T he actual collection o f seed w as made by H. A. Wickha,, 
in 1876.

m  Begimimgs of Rubber Synthesis
The idea o f  synthesizing rubber camc from  studies of its chemical 

structure and the discovery that rubber is a  polymer of a simple hydro­
carbon. Himly (1838) reported th at he had found a low-boiling fraction 
and a high-boiling fraction in substances isolated in the destructive 
distillation o f rubber. H e called the low-boiling fraction ‘faradayinc’ and 
die high-boiling fraction ‘caoutchinc’. C. G . W illiams (i860) announced 
the isolation o f a hydrocarbon, Q,H8, from  the distillation products 
o f rubber and gave it the name o f  ‘isoprene’, which is the name that has 
been continued since that time. W illiams was the first to observe that, 
under certain circumstances, this material changed into a white spongv 
mass. His studies led him to  observ'e th at the destructive distillation of 
caoutchouc involved the disruption of a complex material into substances 
having a simple relaiionship to the parent hydrocarbon.

Bouchardat (1875) treated isoprene w ith hydrochloric acid and ob­
tained an elastic, rubber-like solid. H e was thus the first to synthesize 
rubber. Tilden (1882) suggested the structural formula, CHoiQCHj). 
CI^: CH2, for isoprene. F u rth e r proof o f  the structure of isoprene 
was obtained by Euler (1897), who synthesized it from methyl pn- 
rolidine. T iiden obtained isoprene in 1884 by the pyrolysis ot turpen­
tine, and produced a rubber-like m aterial by treating it with hytirth 
chloric acid as Bouchardat had done. Wall'ach (1887) reported the 
spontaneous polymerization of isoprene exposed to light in sealed 
bottles.

H isto rica l  S u m m a ry

As was indicated in the last rvvo paragraphs, the  period from 186010 
1900 was the incubation period, both for rul)ber planting and tor rubber 
synthesis. In  1900, neither was of outstanding importance. The next two 
decades saw a trem endous expansion in  the plantati(m  industr>-, coupled 
with failure of synthetic materials adequately to replace natural rubber 
during World VVar I. I 'h e n  came two decades o f increase in plantation 
rubber and the development o f  restriction schem es to control supply 
This period also saw a slow but steady im provem ent in the quality ̂  
numbers of s>iithetic rubbers. T h e  first developm ent of buna rubbers 
took place in Germany. Neoprene was discovered in the I'n ited St2t«- 
and a new class o f commercially useful rubber-likc polysulphides, the 
Tliiokols, appeared on the market.



SysiArf'f *940
Wood (1940) reviewed the  cu rren t inform ation regarding synthetic 

njbbers in 1940* a preface sta tem ent to the  circular giving this informa­
tion, J. Briggs, D irecto r o f the National Bureau o f  Standards,
s i a t c d :

The production o f synthetic rubber on a commercial scale in the United 
Srates and abroad has increased very greatly in recent year». The increasing 
use of s>'nthctic rubber in this country has been due entirely to its super­
iority over the natural product for many applications. In some countries 
it has been developed as a substitute for natural rubber as a measure of 
national economic self-sufficiency.

With regard to production, W ood s ta te d :

In Germany, a plant at Schkopau with a capacity- of 25,000 tons a year 
b ^ n  production in April 1939. Another at Huls, Westphalia, of the same 
capacity- has been under construction, and is probably now in operation. 
Recent Russian figures are not available, but estimates as high as 50,000 tons 
a vear or more are not uncommon.

Qjmpared with these figures for the countries where synthetic rubber is 
used in tires, the production figures seem ver>- small for the United States, 
where such is not the case. The total production of s>Tuhetic rubber o f all 
typ« in the United States in 1939 did not exceed 2,500 tons. . . .  Neoprene 
and Thiokol have been produced in far larger quantities than the other types.

Wood stated that the m arket price o f  N eoprene was from  65 to 75 
cents a lb., depending on the variet)', and th at Thiokol was from  35 to 60 
cents a  lb. T his com pares w ith prices o f 39 to 75 cents a  lb. for Neoprene 
in 1957, and o f  47 cents to S r.00 a lb. for Thiokol.

War-time Expansion
The fifth decade o f the tw entie th  centur}' saw the plantation rubber 

industry ham strung by  war, and the factory industry crash-program m ed 
tnio full flower with unbelievable suddenness. Before the end o f the war, 
the negligible pre-w ar production  o f  factor)- rubbers had, o f necessitj', 
swollen to predom inate the  m arket in the U nited States and had found a 
^ace in many o ther countries. T h e  few t)-pes of factory rubbers available 
wfore the war had now become hundreds— some with generally useful 
(lualities in tlie fields where ru b b er had been used, and o thers with special 
qualities that m ade them  valuable in  m any uses that had not previously 

served by rubber. T h u s , the sources o f  rubber were infinitely 
“'"eased and the uses o f  ru b b er also expanded.

htt~war Development

com m encing the  seventh decade o f  the centur>*. T h e  sixth 
narl: the lifting o f  restrictions on production  and

e mg o f rubber. Factories in  the U nited  States were transferred from  
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BOvcrnnicnal to private o m ersh ip , and pr,ce4 evcls camc to be dcte, 
mined m  the m arket-phce rather than m  executwc officcs. Restriction 
the marketing of plantation rab b cr have Dcen largely removed, and ttid. 
even m th  ideologically unfriendly nations is countenanced. Scicmifically 
the most important pertinent developm ent o f the past d eadc «-js 
announcemem o f the successful synthesis o f a rubber with a chemial 
structure essentially identical w ith that o f the p u nhed  hydrocarbon frej, 
plantation rubber. Research workers m the U rated States and Rusi 
made this announcement, and the com m on factor is that all but one nstd 
isoprenc as the monomer. T h is  w ould complete the cycle back to tht 
findings o f Bouchardat, as in  the th ird , fourtli, and fifth decadcs offc 
century there had been a switch to butadiene and co-polymcrizalioii 
rather than the use of isoprene as the basic m onom er for the sj-nthesis of 
rubber.

T he production o f synthetic ru b b er has become an important factorin 
world economy. A total o f 1,261,916 long tons o f  s m h c tic  rubber was 
produced in Canada, the Federal Republic o f  Germany, and the United 
States, in 1957. S>T;thetic rubber constitu ted  6 4 7  per cent of all the rubber 
consumed in the U nited States in  1957, 53-8 per ccnt o f that consumed in 
Canada, 25-7 per cent o f that consum ed in  the  Federal Republic nf Ger­
many, 24-3 per cent o f  that consum ed in  the  U nited  Kingdom, and nearly 
2-1 per cent o f the consum ption o f  rubber in Brazil, the native home of the 
Hevea rubber tree. N early 80 per cent o f  the  s\Tithetic rubber produced in 
Canada and the U nited States in 1957 was SBR (formerly kno^Ti as GR-S}, 
formed by the co-polymerization o f butadiene and styrene.

T ypes of Sy nthetic  R i ’bber 

Structural Relationships
Chemically, rubber is considered to be a polymer of isoprenc. Struc- 

turall}', isoprenc is represented as follows:

1 2 3 4
(head) CHa : C (C H 3). C II  : C H , (tail)

Isoprt-ne

T he num bers i to 4 refer to the norm al order o f the designated carlx'n 
atoms in the recurrent isoprene m olecules in the  poiyisoprene chain. It 
can be seen that in the polymerization o f isoprene, the  successive repea- 
tions o f the monomer unit m ight be 1,4 (head to tail) or i , i - 4'4 (h^aw 
head, tail to tail). Additions m ay also be at the Nos. 2 and 3 
T h e  1,4 (head to tail) arrangem ent is the only one that Iws been demufr 
strated in natural rubber. ^

Butadiene, which has been used m uch m ore extensively than 
in the synthesis o f rubber, lacks the  m ethyl group shown attaci 
carbon num ber 2 in isoprene, and is represented as follows:



I 2 3 4  
C H ^ .C H  iC H .C H a

Butadiene

When polymerized, the rccurring  repetitions o f this monomer may be 
thcr 1, 4 Structurally , carbons i and 4 are identical, as are

^bons 2 and 3, as they  arc sym m etrically arranged around the double 
band Thus, the  designations ‘head’ and ‘tail’ are not applicable as in 
isoprene, which has an  asym m etric arrangem ent.

The commercial synthetic rubbers based on butadiene, however, have 
been produced by co-polym erization o f the butadiene with other mono­
mers that m odify the resu lting  product. T h e  adoption o f butadiene as the 

monomer for the  s}"nthesis o f rubber, together w ith the co-poly- 
mcrization of butadiene w ith o ther monomers, constituted an abandon­
ment of the im m ediate aim  to S)TithesL2e a substance with a  chemical 
^ c tu r e  identical w ith  th at o f  the natural rubber molecule. Instead, the 
aim was to produce a m aterial with physical properties equal to or better 
th^  those o f the natural product— w ithout regard to chenucal structure, 
except as any given struc tu ra l m em ber was found to im part particular 
qualities to the product.

Cmral-purpose Rubbers
The initial purpose o f the governm ent synthetic-rubber program me 

in the United States was to produce a  sufficient quantity o f  general- 
purpose 5>nthetic ru b b er to replace the  strategic supplies o f natural rubber 
that were no longer available from  the East. Lack of general knowledge 
of the production o f sjiith e tic  rubbers dictated the decision to make only 
one t)^e of general-purpose ru b b er and to standardize the production o f 
tiiat nibber so that all factories would, so far as possible, be producing 
a common grade. I t was determ ined  th at the best material available at the 
time was a co-polym er o f butadiene and st\Tene, and this was adopted 
for production for general-purpose use, and was designated G R -S  
(govemraent ru b b er— st)-rcne). Special-purpose rubbers were also in- 
duded in the governm ent program m e, and many new r.'pes o f rubber 
'■ere originated and tested. E ven before the end o f  governm ent control 
of rubber production, specifications had  been issued for some th irt\-tw o  
Itinds of GR-S alone.

Spcciai-purpose Rubbers
Semon (1954) sta tes: ‘T h e  in troduction o f the chemical rubber 

^*ychloroprenc in 1931 m arked the beginning o f a philosophy th at has 
influence on the rubber industry , namely, that specialifv- 

ers could be m anufactured  and used to perform  functions th at could 
ot be matched with natural ru b b e r.’



This recognition marks the  commercial acceptance of specia]-punj_ 
rubbers as distinct from general-purpose rubbers in the producti(r*5 
rubber goods. Since then, the  p roduction o f  speciality rubbers and closeb 
allied plastics has proceeded to fulfil m any old functions better, and I  
create new uses that were undream ed o f until these new structural mat 
erials were available. In  the field o f  rubber, a partial list of these nev 
materials would include:

Nfoprene—z generic term  tliat N eal & M ayo (1954) define as a 
synthetic rubber-like polymer m ade either by polymerizing chloroprene 
(2-chIoro-i,3-butadiene) or by polymerizing a m ixture o f polymerizable 
monomers o f which the major com ponent is chloroprene.

Nitrik- rubber-like co-polym ers o f unsaturated nitriles wid,
‘dienes’, including isoprene, butadiene, piperylene, 2,3-dimethylbuta- 
diene, etc. T he m ost comm on nitrile rubbers are co-polymers of acn-lo- 
nitrile with butadiene.

vulcanizablc hydrocarbon polymers o f low unsaturation, used 
to make products that m ust be chemically stable and resistant to gas 
permeation. At present, all comm ercial grades o f butyl are produced by 
the co-polymerizaiion o f isobut\-lene w ith small proportions of isoprene. 
Similar products can be m ade by the use o f butadiene, dimethylbutadicne, 
or piper)'lene instead o f isoprene but, according to Thomas & Sparks 
(1954), the isobutylene-isoprene co-polym crs have superior qualities.

Fisher et al. (1954) define thiokols as elastic polysolphides 
resulting from the reaction o f dihalides and alkali sulphides. Dihalides that 
are or have been used commercially in the  production of polysulphide 
rubbers include ethylene dichloride, propylene dichloride, bis- (2-chloro- 
ethyl) ether, di-2-chloroethvl form al, and 1,3-glycerol dichlorhydrin.

Acrylic rubbers— elastic m aterials obtained by the co-polymerization 
o f  ethyl acrylate and a chlorine-containiiig m onom er such as 2-chloro- 
cthyl acrylate or 2-chloroethyl vinyl e ther, bu t including a halogen-free 
poly-acty-lic ester as described by T h e  B. F . Goodrich Company.

polymers formed by the poly-condensation of silicols ("ith 
loss of the elements of water) which, in tu rn , are obtained by hydrolysis 
of the chlorosilanes.

Polyester rwM m—linear polyesters o f high molecular weight pre­
pared by the poly-condensation o f hydroxycarboxviic acids or of mixtures 
of dibasic acids and glycols.

Di~isocyanatc-linked condensation substauccs of relatively
high molecular weight resulting from the ireatincnt with d i - i . s o c y a n a t e s  of 
short, linear polyester molecules obtained by the condensation, by means 
o f  heat, of simple reactants such as dicarboxylic acids and dihydric gly l̂S'

Miirhel Types of Synthetic Rubber
T here are now hundreds o f types o f syiuhclic rubhcr that arc JvaiUblt 

commercially. Each of these has special characteristics which give it  ̂
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T A B L E  XV

SV N TH ETIC RU BBERS Q U O T E D  FN  Rubber Age, NOVEMBER 1 9 5 7  

DRY RUBBER 
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IMrficular value that justifies its m anufacture and use-so in e  in W  
miouiits and others in relatively m inor quantities. R M ,r  .-(sf 
emhcr 19^7 lists, on page 358, the prices o f commercially avaikblt 
rubbers, A mere listing o f the tj-pes for which market prices arc (juo,ej 
v ill indicate the range o f synthetic rubbers that are used in manufaeturing 
processes. T he listinf; o f 196 dry- rubbers and o f fifty-four latices as 
quoted in Rubkr Age is given in T able  XV.

M anufacture o f S ymthetic R ubber

AUnufacture o f SBR
I t was necessary, at the start o f  the highly accelerated programme for 

the production of synthetic rubber in  the U nited States, to settle on a 
single general-purpose rubber, and to  establish a standard method of 
pnMluction and a single uniform  quality. T h is  was not an easy decision 
to make, but i t  was rccognized that som ething had to be sacrificed in 
order to establish a production program m e. T h e  need for a general- 
purpose rubber was param ount. N eoprene, thioko!, and butyl were ready 
for m anufacture on any scale desirable. T h ey  could replace natural rubber 
in many important uses, and their m anufacture was expanded to meet 
those uses; but they could n o t replace natural rubber satisfactorily in ihe 
naanufacture o f tyres.

T he best cLiss o f synthetic rubbers for use to replace the natural 
product in  the m anufacture o f  tyres was considered to be that of the 
co-polvmers o f butadiene and styrene. T h e  rubber adopted and given the 
gw em m ental designation G R -S  {Governm ent R ubber—St\rcne) was 
obtained by co-polymerization o f  a tn i\ru re  o f butadK‘uc and sr>Tene as 
an aquc(jus emulsion in a a u p  solution. I t  was neccsiory to add suitable 
•TluHucals lu cauily/e the polymerization. Mso. v ere used to
u*atrol ihe wpceil tif the reaction, and subsLmces mi- '.’.r. os shi'rt-stoppers 
wtre u«ui Hi briiij? the r^-Action to a  close.

Ji/ilj buudienc and sivrvf;e -U'- r-n lvmen^L- - j Iv in ship-
It is ticvessan. vl:t:vK-re. ' .-.—crzarion tn-

»}ic’ iiuK -uf uuuut'-k-tur-.- K'i'i.'r: iccec • -.-.o p<-i!vmen-
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means of the water jackets, the  tem perature is controlled at approsim atdy  
during the reaction. T h e  internal pressure is maintained at 45 to 

Ic lb. pet square in ., and the  reacting m ixture is subjected to constant 
jcitation while the reaction is going on. As soon as the reaction has prc- 
ticJed to the desired stage, with around 30 per cent o f the monomers still 
„„polymerized, the reaction is ended by the  addition o f the shon-stopper
solution.

The finished polym er is then  in  the  form  o f a latex that contains a 
Isrse amount o f unreacted m onom ers. T hese are recovered for use in the 
succeeding reaction. T h e  unused  butadiene can be removed and recovered 
bv controlled distillation. T h e  stjTene can be removed by treatm ent with 
low-pressure steam  and can then  be recovered in a perforated plate column.

The purified latex is stored in  large tile-lined tanks, after the addition 
of an antioxidant in  the form  o f  an em ulsion or dispersion. Coagulation o f 
the latex is b rought about by  the addition  o f  dilute sulphuric acid, after the  
ktex has been crcam ed by the  addition  o f a concentrated solutitm o f sodium 
chloride. The crum b resu lting  from  the  coagulation is thoroughly washed 
to remove the soluble salts and then  shredded, dried, baled, dusted with 
talc, and packaged for sh ipm ent to  the  factorv'.

Manufacture o f Low-iemperature SBR 
The first big im provem ent in  SBR (G R -S) was the development of 

lo^v-temperature polym erization. In  the belief that some increase in 
qualit}' could be obtained by  decreasing the tem perature o f polymerization, 
batches were polym erized during  W orld W ar I I  a t tem peratures of 
around 30°C. instead o f  the  standard  50°C. T h e  reaction time was slow 
and no perceptible increase in  qualit>' was detected. Imm ediately after 
the war, inform ation becam e available regarding the German redox 
formulas and their application to polymerization at low tem peratures. 
This led to renewed research in  low -tem perature polymerization and the 
development o f new low -tem perature  polymerization systems.

The first conversion o f  an  Am erican sviithetic plant to the production 
of low-temperature (5“C.) ru b b er Wiis m ade in 1947 and this was fol­
lowed by further conversions so that, a t present, over three-quarters of 
tiic American o u tpu t o f  SBR is produced by the low-tem perature process. 

i\ew powerful oxidants, such  as di-isopropvlbenzene and ^-m enthane 
ydro-pertjxides, and the  installation o f  im proved heat-transfer equipm ent 

r  p lants, have m ade it possible to  pt)lymerize cold rubber
00 per ccnt conversion in seven to  ten  hours, compared \sith  an average 

previously o f fourteen  hours. Reactions ;is fast as five hours to 6o[per 
fit conversion a t 5"’C. can be controlled by  the perfected cooling devices. 

^^Iplioxylate

‘‘ccent form ulation  th at has come into commercial use in  the 
“ction o f cold ru b b er involves the em ploym ent o f sulphoxylates. In
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these formulas, the activator is composed o f sodium formaldehyde su]- 
phoxvlate, ferrous sulpiiate, and Versene Fc-3 or another chelating agent 
'I'hc use of siilphoxylatc has definite advantages that mcrease the ease 
of plant operations, t h e  activator solutjon is clear, no t a siurr\-, is simple 
to prepare, and does not involve critical tim c-tcm peraturc factors; poly. 
meri?iition ranges arc ntore uniform  from  batch to batch, and small 
quantities of activator can be added to m am tain a satisfactor>' rate of 
poh-merization. T he  cost o f chemicals for the sulphoxylate recipe is 
substantially less than that for formulas using iron pyrophosphate or the 
iron-minimizing peroxamine recipe. N o im provem ent in qualin- is 
claimed for polymers prepared with sulphoxylates, bu t the resultant 
latices are much lighter in colour than latices p repared by the usual rccipes,

Types o fS B R
Svetlick (1957) compared the various tA-pes o f SBR that are available, 

In  general, the hot SBR is preferred w here a good processing rubber is 
required, while cold SBR is used widely in  tyres and other applications 
where wc^ir and excellent physical properties are essential. Both the hot 
and cold SBR rubbers have t>T)cs that are staining, slightly staining, and 
non-staining. T he hot and cold rubbers o f each class are used for similar 
purposes, the determination of which to use being based on the scmce 
rcqtiirements.

Special-purposc SBR rubbers are also available, tiig h  electrical re­
sistance is obtained by reducing the ash-content through coagulation with 
glue. High-Mooney t)*pes are useful for adhesives, and low-Mooncy types 
for blown sponge. High-st)Tene rubbers have poor freezing rirsistance 
but arc used in can-closures, adhesives, soles, and heels, Low-styrcne 
rubbers have good freezing resistance but poor processing characteristics,

SBR m aster-batches are made by mixing carbon black with the rubber. 
They are much cleaner to work with in the factory because the carbon 
black is already incorporated, and they can even be mixed adjacent to 
white stock w ithout danger o f contamination.

Oil-extended master-batches are also available and are found to be 
u.seful and economical because of their low compctunding costs. Staining 
t>'pes are used in  t)''res, m oulded goods, and mechanical goods. 'I'iic 
staining tj'pes are used in soles and heels, in flour tiles, and in ti'ys.

Manufacture of Neoprene
Giloroprene is the basic monomer used for the production of neo­

prene. I t  is prepared from  acety^lene by firsi p o lv T iie r iz iu g  the latter 10 

monovinyl-acetylene in accordance with the process d e scr ib e d  by Nieuw- 
land et al. (1931). In  tliis process, acetylene is polvm eri/cd in the pres­
ence o f an aqueous catalyst solution o f cuprous chloride a c id i t i e d  wuh 
hydrochloric acid and containing additional chlorides as solabilizif'? 
agents. Chloroprene is then prepared by causing the m o n o v in y l - a c c iy k n e
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to react wilh hydrochloric a d d  in the  presence o f a cupric chloride solu­
tion according to the  process described by Carothers et al (1931).

Neal & M ayo (i95-(), in  reviewing the production o f neoprene, listed 
ten neoprenes o f the  dry-polym er type, and nine ktices. As a basis 
for comparison o f  the  neoprenes, they chose for description the most 
fjmiliar o f the dr>--poIymer t\'pe— the general-purpose neoprene n p e  GN , 
which is identical w ith th at designated G R -M  (G overnm ent Rubber-
Monovinyl-acet)lene) during the  war.

Purified chloroprcne is emulsified in water by m eans o f  sodium  rosinate 
soap, and polymerized a t 40 'C . with the aid o f  potassium  persulphate 
as a catalyst and in the presence o f elemental sulphur as a modifier.

After com pletion o f the polymerization, as determ ined by specific 
gravity changes described by  Barrows & Scott (1948), an  emulsion of 
tetraethyl-thiuram disulphide is added and the alkaline latex is allowed to 
jgc. The latex is th en  acidified w ith acetic acid to a point just short of 
coi^lstion. U ltim ate coagulation is accom phshed by freezing the surface 
of i  large, rotating, brine-cooled drum  partially immersed in the  latex. 
The resulting film is stripped  from  the freeze roll, thoroughly washed in 
wJter, passed through squeeze roils, and dried in air at i2 o "C  T h e  dried 
lilin is gathered into rope form  and cut into short lengths for bagging. 
T1)C resulting sticks are flexible, free from odour, light am ber in colour' 
and have a specific gravity- o f  1-23.

Manufacture o f NilriU Rnbhers
German m anufacture o f  a new oil-resistant synthetic rubber called 

Buna N, marked the begiraiing o f  the developm ent o f  the specialit\^ 
rubbers classified by the Am erican Chemical Society as nitrile rubbers. 
While the classification includes ail rubber-like co-polym ers o f  unsaturated 
nitriles with ‘dienes’, the m ost im portan t products in this classification 
we the co-polymers o f  butadiene and acr) lonitrile. O ther ‘dienes’, such as 
Mprene piperylene and 2,3-dim ethylbutadicne, have been substituted for 
butadiene, and other n itriles such as m ethacrvlonitrile or ethacr\-lonitrile 

be substituted, in part, for the acrylonitrile. .A small substitution of 
W lonitrile by these hom ologues improves the plasticity' and other 

“f  the ru b b er fo r use in cem ents, bu t large proportiim s yield 
raober with higher hysteresis though higher oil-rcsi.<tance.

Acrylonitrile m ay be prepared from  ethylene o,\ide and hvdrocyanic 
»  , or by the direct reaction o f hydrocyanic acid and acetylene. A  large 

ttss of acetylene is passed through a concentrated solution o f cuprous 
on e and sodium , am m onium , or calcium chloride. T he acn 'lonitrile  

excess acetylene and the latter is re-cycled. T h e  crude 
tloiibr^ “ ntam s m any im purities, o f which divinylacetylene is the m ost 
has to separate, and even a fraction o f a per cent
rubber prucessing properties o f the nitrile



Butadiene and acrj^omtrile will co-polym erize w hen heated togeth,. 
in bulk with a trace o f benzoyl peroxide. However, if butadiene a j  
acrj'lonitrile are stirred with an aqueous solution o f an emulsifying agent 
in the presence o f a peroxide, polymerization occurs at a much 1(,,.„ 
temperature and proceeds at a m ore rapid rate. T h e  ratio of butadiene 
to acivlonitrilc affccts the vulcanized polymer, a high proportion of 
acr)'lonitrile giving high resistance to oil and a low proportion giving lo„- 
resistance.

Manufacture o f  Butyl Rubber

According to Thom as & Sparks (1954), all commercial grades of but\-l 
are produced by the co-polymerizatinn o f isohutylene with small propoN 
tions o f isoprene at a tem perature o f  about - -150°?. These authors 
state that products similar to but>i can be m ade by empIaWng butadiene, 
dimethylbutadiene, or piperylene instead o f isoprene in the co-poly- 
meriziition, but that the isobutylcnc-isoprene co-polym ers have the most 
adrantageous properties.

T he  isobur\-lene is obtained from  cracked refinery gases. The fraction 
of the cracked gases containing isobut>'lene consists o f  10 to 35 per cent of 
isobutylene by weight, mixed with normal butencs and varj'ing aranunts 
of saturates. T he isobutjdene is separated by absorption in sulphuric acid 
o f such a strength that it does not absorb the other components of the 
m ixture to a significant extent. T h e  absorbed isobutylene is then liberated 
from the acid extract by treatm ent with steam . T h is  product is washed 
with caustic soda and water, compressed, condensed, and delivered to 
storage. At this stage, the isobutylene content is approxim ately g6 per cent 
by weight, the impurities being chiefly norm al butencs. A fiiu! distillation 
step removes butene-2 and yields isobutviene o f more than gcj per cent 
purity.

Feed stock for the m anufacture o f  butyl is j^repared by mixing iso- 
butj'lene and isoprene in the desired propurtions with an inert diluent, 
methyl chloride, w'hich serves as an aid in, contrttlling the violence ('f the 
polymerization reaction. T h is  blended fuel, cooled to a temperature of 
about — I4o°F., is supplied continuously to individual reactors. The 
reactors are supplied also with a chilled solution o f catalyst, which is 
mixed rapidly and thoroughly with the cold, blended feed. I 'h is  catalyst 
solution is prepared by dissolving anhydrous alumisiium chloriile in 
methyl chloride of high purit)-.

T h e  polymerization reaction is exothermic and almost instantaneous. 
T he  polymer emerges from  the reactor as a slu rr\' and passes into a 
considerable volume o f hot water. A small tjuantity o fziuc  stearate (under 
one per cent, based on the weight o f  poh'm er) is injected into the hor-wi^r 
t ^  to prevent the agglomeration o f the buts'l, and a vcr>' small a m o u n t  

of an antioxidant is generally introduced to stabilize the polymer and 
prevent deteriortition during finishing and subsequent storage. Alter 
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removal o f unrcactcd com ponents, a wet poIjTner crum b is isolated by 
rotary vacuum filters or vibrating screens. T h is  product is then dried at

^^Various grades o f  bu ty l are available coramercially. Ail are polymers 
of isobutylcnc and isoprene, and the differences between the ^Tades 
rep re sen t var>-ing degrees o f  unsaturation  and different ranges o f mole­
cular weights. T h e  degree o f unsaturation depends on the proportion o f 
isoprene used, and determ ines the rate o f  cure.

»Aamfacturc o f  Poly sulphide Rubbers

The basic reaction in the  preparation o f polysulphide rubbers is the 
condensation o f an a liphatic dihalide and sodium  polysulphide. T h e  di- 
halide is added slowly, w ith vigorous agitation, to an aqueous solution of 
sodium polysulphide, w hich m ay be m ade from caustic soda and sulphur. 
The specific gravit}' o f  the polysulphide solution is adjusted to approxi­
mately the densic)' o f the halide. I t  is desirable to employ a dispersing 
agent (magnesium hydroxide) to facilitate reaction and, if latex is desired 
as die final product, to assist dispersion. Excess sodium  polysulphide is 
used. The reaction is exotherm ic, requires from  two to six hours, and is 
best carried out at about 70°C. A t the end o f the reaction, the suspension 
is allowed to settle and  the  product is washed free from  sodium chloride 
and excess sodium  polysulphide.

Fisher et al. (1954) sum m arized the available information r e ^ rd in g  
the various types o f polysulphide ru b b er that were or had been produced 
commercially. Variables that may be involved in producing different t^'pes 
of polysulphides were listed as, ( i)  the nature of the dihalide, (2) the  use 
of a mixture o f dihalides, (3) the ‘rank’ o f the sodium polvsulphide, (4) 
ihe inclusion o f a small p roportion o f  a trihalide in order to cross-link 
the polymer chains, and (5) controlled scission o f the disulphide bonds in 
the initially produced polym er in order to adjust its molecular weight. 
Most of the polysulphide rubbers produced in  the U nited States are 
designated as thiokols, altliough F isher ei al. note that one o f these, thiokol 
Rp, is a nitrile rubber ra th er th an  a polysulphide. In Japan, the names 
thiomte, hydrite, and hikatol arc used for polvsulphide rubbers; in 
l^lgium, die name ethanite is used, and, in Russia, resinite.

Acrylic Rubbers

The acr}'lic esters polym erize readily under the intluence o f light, heat, 
and peroxide-t)T)e catalysts such as hydrogen peroxide, benzoyl peroxide, 
cumene hydroperoxide, am m onium  persulphate, and sodium perborate, 

general, the p reparation  o f  acr>'tic rubbers is m uch sim pler than th at 
the diene rubbers. T h e  em ulsion polymerization o f acrylic esters is com- 

P ete m  about three h ours; auxiliary agents such as regulators and short- 
aiid^ not used. T h e  operation is ct>nducted at atm ospheric pressures, 

over 90 per cent o f  the m onom er m ixture is converted in to  polymer.



Acn^Jic rubbers I)ave been produced under the  names Lactoprenc and 
Hycar/X he 13. 1'.  Goodrich Chemical Com pany produces a large raTigc 
of products in their Hycar series.

The I'luorocarboHS
The 250 t\T)es o f dry and latex rubbers listed above (Table X \^  from 

the pages oiRubber Age arc chose th at have reached commercial production 
and have then survived for present-day availability. M any other t>'pes are 
being tested or arc in  the laboratory stage. W hereas it seemed, not long 
ago, that an end-point was being reached in the search for new elastomers, 
the view ahead is now almost unlim ited and there seem to be many p^- 
sibilities of new polymers.

An interesting new g ioup o f rubbers are the tluorocarbons, typified bv 
the kel-F ehistoraers, which were announced in Ju n e  1954 and discussed 
in a series o f papers presented before the Division o f R ubber Chcmistr\- 
of the American Chemical Society at meetings in  N ew  York in vSeptember 
1954. T he kel-F elastomer contains 50 per ccnt o f  fluorine by weight and 
also, within the polymeric chain, the following chemical groups: CF,, 
CFCI, and CIrL. T he raw m aterial is tough and does not break down even 
with prolonjied milling. T his rubber canjiot be vulcanized with sulphur, 
bur Griffis & M ontermoso (1955) reported th at a good cure fur resistance 
to petroleum-base fuels was achieved « i th  m ethylene bis-(4-phenyliso- 
C}'anate) (M D I), zinc oxide, and hexamethylcne tetram ine.

Synthetic Polyisopretie

Late in 1954, T he B. F. Goodrich C om pany announced the successful 
sj'nthesis o f a new rubber approxim ately d u p liau in g  the natural rubber 
molecule. I t claimed that this new rubber was sufficiently like 
natural rubber to be used as a replacem ent in all respects. At the 68tii 
meeting o f the Di%4 sion o f R ubber Chemistrv’ o f the American C.hcmical 
Society that w'as held in Philadelphia, 2 to 4 N ovem ber 1955, details were 
given o f the new compound in three com panion papers by Horne cV nl. 
O955X W ilson (1955), and R einhart & \ \ ’ilson (1955). These papers were 
presented by F. K. Schoenfeld and w’ere later published as a group paper 
by H orne et al. {1956).

T he new rubber was called Ameripol SN . I t \sas slunvn to be a ih- 
polyisoprene on the basis of infra-red absorption spectra and the X-ray 
diffraction pattern. I t had a Mooney viscosity' in  the 50 to 75 range, indi- 
ttiting a lower molecular weight than  natural rubber. Its slow rate of 
cure was attributed to a lack o f  non-rubber cunstiluents characteristic 
o f natural rubber.

At the same meeting in Philadelphia, Stavely (1955), the Firestone 

T ire and Rubber O jm panv, announced ‘coral ru b b er’, another polyiso- 
prcne. I t  was stated that ‘Coral rubber is a m -1 ,4  polvisoprene coniainm? 

up to 93-8 per ccnt of ch -1,4 ; 6-i per cent o f 3,4; and no in im -iA



inicture’. T h is  paper was later published under the authorship o f  

Stavciv & cf>-workers (1956).
Similar synthetic polyisoprcncs were announced by the Goodyear T ire  

& R u b b e r  Company under the  nam e Nats>-n, and by S ubbotin  et al. (1956) 
in Russia under the nam e S K I.

Synthetic Polyhuiadiene

The Phillips Petroleum  Com pany has announced the succcssful 
polymerization o f butadiene to  substances having; qualities that are 
useful in the field o f  synthetic rubber. Unlike polyisoprene, the poly- 
butadienes are both  cis and trans^ and both o f these forms occur in the 
same rubbers. K raus et al. (1957) reported on the effect o f differing 
proportions o f  cis and trans form s on the qualit}' o f the rubber. They 
stated that all 1,4-polybutadienes containing over 15 per cent o f  cis 
polymei^ were com pletely rubber) ' at all reasonable tem peratures. There 
was little change in im portan t physical properties with changes betv-een 
25 and 80 per cent cis content. Polybutadienes of 93 per cent trans content 
yield tough, leatherv', crystalline vulcanizatcs.

Urethane Rubbers

The di-isoc>'an3te-linked condensation rubbers have been mentioned 
amoT^ the special-purpose rubbers. T hese include the Vulcaprenes 
developed in England and the Vulcollanes of Germany. T h e  urethanes 
are of the di-isocyanate group and are formed by the reaction o f di- 
isocj'anates w ith the  diols such as glycol. T h e  urethanes differ from the 
di-isocyanate condensation products in that they can be vulcanized with 
sitlphur and are m ore nearly  like natural, or SBR, rubber in their proces­
sing characteristics. O gden  (1957), in describing one of the urethane 
rubbers, sta tes: ‘T h e  properties o f Adiprene C  immediately suggest its use 
as a tire elastomer.’ H e expresses the opinion that, though tvres are expect­
ed to constitute its largest single m arker, it should find use in a variet}' of 
mechanical goods such as conveyor-belt covers, oil-well supplies, seals, 
and gaskets. T h is  polyurethane rubber has superior abrasion resistance 
coupled with good heat ageing and resistance to oxygen, ozone, and oil.



RUBBER AS A N  IN D U S T R IA L  PR O D U C T

R ubber U sage P rior to  G oodyear

T h ere  was a flourishing trade in rubber before the discovery of vulcariiza- 
tion. Uses for the unvulcanized rubber available prior to Go(jdycar's 
discovery (cf. p. 23) included rollers and p rin te r’s blankets, carding 
machines, driving belts, billiard-table cushions, fire hoses, flexible tubing, 
erasers, and surgical instrum ents. W aterproof shoes and capes were in 
common use and the coating o f fabrics with solutions o f  rubber had been 
the basis for the formation o f  commercial companies whose total consump­
tion o f rubber ran into many tons annually.

Use o f Solvents

Search fo r a Suitable Solvent. Early explorers reported that rubber 
was obtained from the tree by the natives o f  Brazil as a substance resem­
bling milk. In  its preparation in  the shape o f bottles, the natives took 
advantage of its liquid properties, painting several coats o f  the ‘milk’ on 
lumps of dirt or clay. After the  rubber dried, the d irt or clay ^vas washed 
away with water, leaving a hollow, bottle-shaped piece o f rubber. As it was 
not possible to ship the latex to Europe w ithout sjioilage, there was in­
terest in finding a solvent to facilitate the preparation o f rubber articles 
on forms, as was done by the Brazilian natives-

In  1763, two French investigators, L. A. P . Hcrissam  and P. J. 
M acquer, suggested the use of turpentine  as a solvent for rubber and, 
some five years later, M acquer found th at purified ether was even bi-ttcr. 
Turpentine was an excellent solvent, bu t the films m ade by spraying rhe 
solution onto wax moulds were sticky. W hen the eiher soluridn was 
sprayed on wax moulds, the thin films produced \\ ere d rv an d  fVec trom 
the adhesiveness characteristic o f  films produced from  turpcntiiie solu­
tions of rubber.

T he first English rubber patent was issued to Samuel Peal and covcrcd 
means of rendering leather, fabrics, paper, and wood waterprooi'^. 
tavoured the use of turpentine as a solvent, bur alsr. lu.tcd [hat ‘the gum 
may be used with equal advantage in  its na ii\e  fluid state’, Cj. 
^ b ^ o m ,  m  Italy, found that rectified petroleum  dissolved rubber. 
M. Urossart, m  Fiance, suggested that in the m anufacture of tubme 
or other articles for surgicil use, the rubber need not be entirely 
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ru bb er  a s  a n  in d u st r ia l  pr o du c t  

dissolved but m ight be softened and then  pressed together in the desired

as a Solvent. Charles M acintosh found that a purified 
aphtha from coal tar was a good solvent for rubber. \ \ ’hereas there was 

11̂  commerciat source o f  the petroleum  that Fabbroni in  Italy had found 
to he a good source o f solvent, the newly developed use o f coal-gas illu- 
fliination in England opened up  a large supply o f waste tars from  which 
Macintosh’s solvent could be obtained. T h e  naphtha was purified by 
^(jistillation and the resu lting  solvent was found to be effective. I t  eva­
porated quickly and did n o t leave the rubber as sticky as did turpentine.

Macintosh pressed two coated fabrics together and produced a verv 
satisfactory waterproofed fabric th at could be made into raincoats. A 
patent was issued for the process in  1823 and the Charles Macintosh 
Company was form ed in  1824 to take over the flourishing business that 
.Macintosh had developed. In  English-speaking parts o f the world, water­
proof raincoats are still widely referred to as ‘macintoshes’ or ‘macks’.

Early Machinery

Tne development o f  ru b b er usage in the  United States lagged behind 
tJiat in England, where the  first com pounding o f rubber was accomplished 
by Thomas Hancock who had established the first rubber factory in 
fogland for the m anufacture o f  elastic fastenings for various articles of 
dothing.

Hancock's Masticator. Hancock became concerned as to how to 
make use of the  scraps th at resulted when the desired forms were cut 
from rubber sheet. H e th ough t th a t if  he could shred the scraps they 
could be pressed together and re-used. C utting the .scrap up  by hand 
proved to be a slow and tedious process and he tried to speed it up 
by using a toothed cylinder. Instead o f being shredded, how ever, the rubber 
formed itself into a ball.

Hancock found th at ru b b er which had been treated in his toothed 
qlinder could be p u t into solution in M acintosh 's solvent much more 
^d ily  than the raw ru b b er scraps. After obtaining from  .Macintosh a 
licence fur the use o f  the  solvent, he was m uch more successful in preparing
2 concentrated solution o f  ru b b er from  the scraps, Hancock was thus the 

to develop a m asticator for rubber. Its  success in  the handling 
of scrap led to experim ents in its use for the addition o f  non-rubber 
siaterials to the ru b b er, and  thus Hancock became the first rubber 
compounder.

Mixiyig Rolls. E arly  ru b b er trade in ihe U nited States was based on
* e importation o f rubber shoes from  Brazil. T h e  first im portations were 
^  readily, and A m erican lasts were sent 10 Brazil to improve the 
PPcarance of the shoes. Later, the m anufacture o f the rubber shoes was 

fed in the U nited States. T h e  first rubber company in the United 
^  was form ed in 1832 ‘for the purpose o f m anufacturing . . . 
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inJia-nibber d o th  and leather and other india-rubhcr goods’. It manu 
facmrcd shoes, hfc-pre»rvcrs, coats, caps, wagon covers, a „ j arriagj
traccs. . . . .  , .

Edwin M . Chaffee was the guiding sp jn l in this company, and was the 
inventor o f two machines that m arked the begmm ng o f the industrial 
use of rubber. Instead o f  the internal m ixer patented by Hancock 
Chaffee developed mixing rolls consisting o f steam -heated rolls turmng 
at different speeds. T he  combined rolling and slipping action softened 
the rubber so that it formed a smooth sheet on the roll and allowed the 
colouring materials and other mixing ingedicnts to be incorporated into 
the rubber. Chaffee’s m achine has been enlarged and made more powerful 
and efficient, bu t the principle has rem ained the same.

Calenders, T he  second m ajor m achinery invention coiitributcd by 
Chaffee was the forerunner o f the calender th at is still used in rubber 
factories. This was a coating machine for im pregnating fabrics wiih 
rubber. Prior to the invention o f this coating machine, rubber-proofing of 
fabric had been by dripping a solution o f  rubber and lamp-black onto the 
fabric as it was unwound from  a  roll. T h e  coated fabric had then to be 
festooned the full length o f the building to dry. T h is  dr>ing took several 
days and often eight to ten  coats were required. Chaffee’s new awdng 
machine cor^isted o f four steam -heated rolls in  vertical alignment. The 
second roll from the top moved m uch m ore sk)uly than the others, to 
give a nibbing action between itself and the first and third rdlls. In 
practice, the fabric to be coated was passed bet\\ een the two middle rolls 
and then dow^n and around the bottom  one. T h e  rubber compound was 
passed between the two top rolls and, as it came into contact with the 
fabric, was wiped into this from the roll.

Deficiencies o f  Unvukanizcd Rubber

The pre-Goodyear, unvulcanized rubber hlled a place in industrial 
development and had no com petition in the  held o f  resilience and rL-sis- 
tance to rain. I t  softened in the sum m er heat, how ever, ami becamc brittle 
in winter, Its  very obvious good qualities were masked by its limitutions 
with respect to light, tem perature, and oxidation. T he discover)' of 
vulcanization resulted from  the attem pt to alter rubber chcinically or 
physically by the addition o f n on-rubber m aterials that would (ivcrcume 
the deteriorating influence o f  tem peratiire changes.

F rom  thk D iscovxry o f  VirLCANiz.^Tios lo  ic;oo 

Early Difficulties

The discovery of vulcanization estabhshed rubixT as an inJusttW 
material, but many failures were suffered bef.jrc it v as  possible to 
vulcanized rubber articles that would give satisfiictory service. An csti)
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shipment of mail bags th a t w ere waterproofed and vulcanized by  Goodyear 
^ved  a persistent inventor into bankruptcy—
fojndition to which he, unfortunately, was not unaccustomed. Y et,'the 
^  of rubber com pounding and  vulcanization went ahead at an accelerated 

and the use o f ru b b er increased amazingly.
Inveittion o f  the Pneumatic Tyre. Early in the nineteenth century, 

solia rubber t>res w ere applied  to wheels successfully. Pneumatic tyres 
were patented and m anufactured  in England from 1845 to 1847 bv a young 
civil engineer, R obert W illiam  Thom pson, o f Middlesex County. The 
public \vas slow to accept T h o m pson’s pneumatics and he resumed the 
ganufactu/e o f solid tyres. F o rty  years later, a veterinarian o f Belfast, 
Ireland, J. C. Dunlop, m ade the  first commercially successful pneumatic 
V{K. He obtained a p a ten t for this tyre in 1888. Dunlop succeeded where 
thompson had failed, because o f  the  rise in  popularity of the bicycle. 
He bad an imm ediate m arket th at was lacking in 1847 when Thom pson 
disconrinued the m an u fa a u rc  o f  pneum atics.

Dunlop’s first pneum atic  tyre was m ade by form ing sheet rubber into 
tubing, making an  a ir inlet ou t o f  a baby’s feeding-bottle nipple, and 
fjstening the tubing to  the rim  o f  his son’s tricycle. A fabric covering was 
placed over the rubber tube  to  assist in controlling the am ount o f  inflation. 
The tube was blown up  and the  end o f the nipple tied off to prevent the 
bss of air. T he t\'re  was effective, and the son outdistanced competitors 
inkical racing. Applied to bicycles, the  t>Tes gave greatly increased speeds. 
Tiie day of the pneum atic ty re  had arrived. W hen the French manufac- 
airers, Michelin and Q jm p an y , first applied pneum atic t>Tes to motor 
vehicles, they furnished the  ferm ent that was to expand the rubber in­
dustry into its present gigantic proportions.

Pniods o f Oerelopment

To borrow phraseoIog\- fr(mi a  popular American television pro- 
?raiimie, rubber technology reachcd its first ‘plateau’ when the art of 
'Tiicamzation was discovered, T h e  second plateau was reached when the 
pteumatic tyre was developed. T h e re  is no  doubt that the attainment of 
^ h r s t  plateau can be dated  as o f  1837, w hen Goodyear’s patent was 

It would not be tru e  to date the  second plate;ui of 1845 when 
ompson began the m anufacture  o f  pneum atic  tyres. W ithout detracting 
ni the recognition due to  T hom pson , the second plateau actually was 

Q years later, w hen D unlop  rediscovered the prin-
n t V  Pt^eumatic t>Te. Successful m anufacture of the pneumatic 

^  "  D u n lo p  rath er than  from  that o f Thompson,
technology’s second plateau was rcached, therefore, in 1S88. 

‘Invention was followed im m ediately by impnwemcnts in the 
^'c\clc^ H ^al^ing and a ttach ing  pncum atic  t\Tes to bicycles, and the 

tltvelopcd rap id ly  as a resu lt o f  the new invention. The 
s w an t contribution  to  the use o f  ru b b er in tran.sportation was

289



mndc in Fnmce, when M ichclin and C om pany fitted pneumatic t>7cs to 
motor cars. , • ,

So manv factors have entered nito the  success o f the motor car that 
it is not possible to select any one as the th ing  th at m ade motoring possible 
as wc know it today. Rubber (and chiefly the  pneumatic tyre) certainly 
nude a significant contribution to  the dcvclopm em  of the automotive 
industry. It is doubtful if  the phenomenal developm ent o f the automobile 
mdustr>' would have been possible without rubber. From  the attainment 
of its second plateau to the present tim e, the industrial usage of rubber 
has been linked to the development o f autom otive transportation, and the 
biggest prospective usages o f the fu ture  arc still so linked—including 
that of rubber in road surfacings.

Rubber as an Industrial Product in igoo

Before pneumatic tyres came to dom inate the world market for rubber, 
important uses had developed for the v ukan izcd  product. The manu­
facture and use o f boots and shoes m ade o f  rubber outdistanced that of al! 
other rubber products and continued to do so into the twentieth cennl̂ •̂. 
By 1900, world consumption had increased to 52,500 limg tons a year and 
consisted essentially o f five general classcs o f products;

1. Boots and shoes.
2. Mechanical rubber goods. R ubber pontoons had been important in 

the Mexican War. Packings for engines and sim ilar uses for rubber had 
become a multi-million dollar industrv. R ubber tvres for bicycles and 
carriages were also in demand.

3. W aterproof clothing o ther than  boots and shoes had assumed peat 
importance in the M exican W ar through the m anufacture of rubberized 
ponchos. T he American Civil W ar created a great demand for rubber 
raincoats and capes.

4. T he  m anufacture and sale o f drug  sundries had becomc an im­
portant part of the rubber m anufacturing industrv . Outstanding products 
were s}-ringes, hot-w ater bottles, bandages, airpilluws and cushions, and 
atomizers.

5. T he manufacture o f hard -rubber goods had also become important. 
This marked a real advance that was traceable directly to the invention of 
vulcanization which made it possible for the first time to use rubber in 
the field o f non-rubber m aterials. After nearly four centurics of recorded 
knowledge of rubber, usages w'ere found for it that were not dependent 
on its special qualities of resilience and elasticity.

Economic Fluctuations o f  Rubber in the Nineteenth Cfutury

Between the discovery o f  vulcanization and t h e  d e v e l o p m e n t  

pneumatic tVTe to a  dom inant position in rubber manufacture, rubber M  
gone through the first o f the economic g\-rations that have since cbarai.- 
tcnzcd the commercial l i f e  o f this product. T h e  Am erican Civil

290



brought about___ the first ru b b er boom and  its first decline, whilst the M exi-
J  W arTad first dem onstrated the  usefulness o f w aterproof clothing in 
S  p ro te c tio n  of arm ies in  the  field. Outfitting o f large armies in  the 
AfljCTican Civil W ar brough t about a trem endous expansion in the use 
[rubber, which resulted in  a period o f great profit in the Amazon River 

L ion  of Brazil. R ubber brokers and gatherers went through a period of 
r^ p e rity  such as th e  river area had never known before.
^ Ti i e  ending o f die war brought about the first recession in the demand 
for rubber. Rubber manufacturers, dealers, shippers, and gatherers knew 
for the first time the impact o f a bursting boom, and the rubber trade has 
since been subjected to a regular succession o f burstings o f over-inflated 
niirkets. Fluctuations in the price o f rubber have followed not only 
world and national trends in economic fluctuation, but have reacted to 
^cial trends induced in the rubber industry itself by the development of 
motor cars, the competition between wild and plantation rubber, the 
restriction o f rubber production on plantations by governmental action, 
and the competition between natural and synthetic rubber.

R ubber U sage in  the T wentieth C entury

The expansion o f ru b b er usage in the tw entieth centur>- has paralleled 
that of other industrial m aterials and, in 1957, nearly si.\ty times as much 
rubber was used as in igoo. T h e  consum ption o f rubber in  the manu­
facture of tv'res and o ther item s associated with automotive transportation 
has overshadowed all o ther applications, and accounts for m ore than two- 
thirds of all rubber consum ed. T h e  non-autom otive uses, however, alone 
represent a trem endous extension o f  dem and over the world’s total usage 
at the beginning o f the century.

McPherson &  Klemin (1956) furnish detailed information on present- 
<iay engineering uses o f rubber, showing that it now has important applica­
tions in civil, chemical, and electrical engineering, in automobile and 
aviation transportation, in belt conveyors o f materials, and in escalators. 
These authors detail the particular qualities that make rubber useful, and 
the art of compounding that makes it possible to provide rubber with 
particular qualities to meet special requirements.

Indasirial Applications

In its industrial applications, rubber m ight be likened to the a rt o f 
lii-jitsu as developed in Japan . T h e  ability o f rubber to resist wear and 
deterioration is m easured in large degree by  its abihty to yield to a de­
forming force and th en  to  resum e its form er size and shape when the 
ueiorniing force is rem oved. All o f its dom inant characteristics— elas- 
iJQly, abrasion resistance, flexibility, and compressibilit}‘- -a re  derived 
irecdy from its ability to  ‘give’ rather than  resist, and thus make it 

I^ssiblt for rubber to survive where rigid materials perish. Yet it differs
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from p to ics  thal als» yield to superior force without permanent de 
formaticm. The abilitv of rubber to resume its original size and 
quickly and furdbly, differentiates it from all other pliable materials 
Utilization of these special qualities is made possible by nibber’s peculiar 
ability, in its raw state, o f accepting deformation, but o f assuming af,„ 
vulcanization its final shape and characteristic resistance to 
deformation.

Rubber has other industrial applications in which non-elastic charac­
teristics comc inio play—such as adhesiveness, resistance to oil, acids, and 
alkalies, and the ability o f th in  films to resist the passage of moisture and 
gases. Excessive quantities o f sulphur in vulcanization transform rubber 
into hard rubber—a m ost unrubber)’’ m aterial, stiff'and unyielding, with a 
considerable degree of s tructural strength.

Manufacture o f  Rubber Goods

In  general, the m anufacture o f  n ib b er goods fuihnvs more or lea 
standardized patterns. T here  are m any special techniques that must be 
applied in the use o f the various tj'pes o f speciality rubbers, and the 
compounding formulae need to be adjusted to m eet particular require­
ments. N ot many years ago, these adjustm ents were made by the in­
dividual compounders who had developed encyclopaedic knowledge of 
the grades o f rubber available, o f  the com pounding ingredients available, 
and o f the best way o f combining them  to obtain desired characteristics 
in  the resulting product. These form ulations were highly-regarded and 
closely-guarded secrets o f the m anufacturing companies. The utmost in 
surreptitious effort was resorted to in the attem pt to discover the secrets 
o f  rival companies and to guard their o\\tj. So complete was the inter­
company rivalry and espionage that it is unlikely that any of the major 
secrets remained long unknown to o ther companies, though many 
factory' managers with quite accurate informati{)n regarding the formulae 
o f their rivals were quite confident o f the  secrecy o f their own.

Expanding and exacting scientific controls o f rubber compounding 
and manufacture have now forced a greater cxchanije of informatidn, 
and the entry o f other indu.strial organizatiojis into the lick! of nihhi.T 
has widened the sphere o f knowledge and need for kiiouk-dge, as well 
as the interdependence o f the compim ents o f the rubber industry. 
Rubber m anufacturers no longer deal only in liiiished goods but are en­
gaged in the m anufacture and sale o f  svnthetic rubber, 'I'his requires 
that they impart information on com pounding in the course nf their 
commercial operations.

When natural rubber is received at the fiictory, it is stiff ami diffinilt 
to manipulate. There is now a greater uniform ity in the dilfereni grades 
ot rubber than existed in the past but, particularly  in the market grades



rubber, i t  is necessary to  m ix rubber from  many lots o f  the 
1 cted m axim um  uniform ity o f  the  product. This

^kijig ccrtain ancillary operations and the  addition o f other dcsir- 
l\e  iiigredients, is called com pounding. T h e  synthetic rubbers are 
reparcd in much greater uniform it\' than  has ever been possible in the 

Lm raiion of plan tation  rubber.
Maslkation. T h e  first operation in compounding involves not onh- 

the niising of large am ounts o f  ru b b er to obtain maxim um  uniformity, 
iiuc a mechanical m anipulation o f the rubber to soften it and make it 
pyssiblc to mix in  the  o ther com poundhig ingredients. T his initial 
linipulation involves a ‘break-dow n’ o f the rubber, which loses its 

rubber}' consistenc)' and assum es a doughy, semi-plastic charac­
ter. Vhis change involves both  oxidation and a scission o f the long-chain 
molccules, so that the  m ean m olecular w eight o f the rubber is greatly 
r«luceil.

This break-down is accom plished either on mixing rolls or in an 
internal mixer. T h e  m ixing rolls (Plate 56(ri)) are heavy, parallel rolls 
turning at unequal speeds to give a tearing action to the rubber as it passes 
between the rolls. T hese  rolls are com parable with the sheeting rolls on 
the plantations, b u t are o f  m uch heavier construction and are placed in 
5»rallei horizontally -ra th er than  vertically as the plantation rolls are 
located. The rolls may be equipped with heating and cooling dcvices for 
tiie control of tem perature. As the rubber softens, it tends to sheet out on 
the roll, and so the operator is provided with a sharp knife with which he 
cuts the sheet and then  folds the rubber back into the mix. T he t\-pe and 
direction of these cu ts are standardized to give maximum efficiency and 
oniformity. All gears are  enclosed, and a safety-bar is provided to stop the 
aachine instantly should the operator’s hand or clothing be caught 
bcrvtcen the rolls.

The internal m ixer in com m on use bears little resemblance to that 
onginated by Hancock. I t  is equipped w ith helicoidal rolls th at macerate 
the rubber w ithout the necessity o f  hum an assistance. T he  casing of the 
tsiii holds the rubber in  contact w ith the rolls, and their irregular shape 
prevents the rubber from  adhering  to them .

That the break-dow n o f the ru b b er involves some oxidation has been 
oemoQstrated by the use o f  an oxygen-free environm ent in an internal 
^ e r .  Under such conditions, the ru b b er remains tough and the normal 
^ - d o w n  fails to  take place. O therw ise, M oonevviscosity m easurements 

from to o  or higher for raw , unm illcd rubber to as low as 35 for 
er that has received the break-dow n milling— indicating that the

ecular scission is an  im portan t factor in  the break-down. 
^om pounJing Ingredients. A fter a sufficient degree of break-down 

^tti^ined, the  vulcanizing agents and other compounding in - 
cho added to the  rubber. S u lphur is the chief vulcanizing agent,

other chemicals are  also used and some o f the synthetic rubbers



caimot be \'u l«n izcd  with sulphur. I t  is no t possible, in a  short space 
list and describe the m ultitude o f com pounding ingredients that a re in ie  
I t  is best, therefore, to treat them  by categories, w ith the understandiiw 
that there are many specialized ingredients in each catcgor>- and chat 
the better-known ingredients can be m entioned. ^

Softeners: As the name implies, these m aterials are used to plasticize 
or soften, the rubber, and they are usually added during the initial milling 
period, to hasten break-down and reduce the tim e and power required 
Generally, the softeners include mineral and vegetable oils, waxes, tars 
pitchcs, and resins. Formerly, A frican rubbers were added to hrm  
rubber as softeners, and guayule ru b b er from  M exico also found use for 
this purpose. Some o f these materials are used m erely to plasticize the 
rubber, while others also im part tackiness~s<j th at the rubber will stick 
better to fabric or other surfaces. O thers appear to act as internal lubri­
cants of the rubber, reducing interna! friction rather than actually softening 
the mixture.

In  addition to shortening the tim e and reducing the cost of the break­
down, the softeners are useful in  rubbers that m ust be made into mbing 
by being forced through the orifice o f  an ex truding machine, or that must 
be forced into m oulds in the fabrication o f m oulded goods in which the 
flow quality o f the mix is im portant in encouraging even penetration to 
all parts of the mould.

In  some compounds that m ust have a softener added to facilitate 
extrusion or increase plastic flow, it is often  desirable to add a stiffener 
such as benzidene or litharge. T hese com pounds are useful in reducing 
sagging or flpw after form ing and during  vulcanization.

Accelerators: 'I'he reaction betw een ru b b er and sulphur is usually 
quite slow, and it is necessary to  speed up  the -vulcaniziition to make 
optim um  use o f the factor}' facilities and speed up the mainifacturing 
process. A great many organic accelerators have been developed for use 
with natural rubber, and additional accelerators have been developed for 
use with individual types of synthetic rubber. T o  control the activm-ol 
the accelerators, classes o f chemicals known as accelerator activators and 
accelerator retarders have been developed. T hese m aterials m ust be suited 
to the requirem ents of the individual com pound, and are affected not 
only by the character o f  the rubber used b u t also by the other ingredients 
of the mix. Some o f the accelerators that have found use are derivatives 
of benzothiazole, thiuram  sulphides, salts o f dithio acids, guanadinf 
derivatives, and aldehydeamines.

Antioxidants: T o  a considerable degree, the lasting qualities of 
her compounds are dependent on  their resistance to oxidation. Surface 
cracking and hardening are due prim arily to oxidation. I ’ is possible w 
increase the useful life o f  m any rubber articles by  the addition of smal 
quantities o f  antioxidants to the com pound at the tim e o f m a n u f a c t u r e .  In 
many areas, excessive concentrations o f ozone in the air make it cssenua 
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M  all ro tb e r articles w hich m ust be exposed to the local atmospheric 
Ed itions in the presence o f  ligh t be given extra protection, or that 
im pounds incorporating types o f rubber resistant to oxidation be used, 
Many of the antioxidants have a  tendency to discolour white or light- 
joloiired articles, and  it is necessary to use special non-staining 
jjli-oxidanls in form ing com pounds for the m anufacture o f such
articles.

Fillers: Fillers are  added to  many compounds to increase the bulk 
and 'weight and th u s  lower the cost o f products in which they can be used 
without unduly lowering the quality. Some o f the fillers are useful in 
giving stiffness, hardness, and weight to t>'pes o f mechanical goods in 
«hich these qualities are desirable. Such fillers are considered inert and 
include various tj'pcs o f  whiling, infusorial earth, clay, bar>ies, slate 
flotir, and other m inerals. A sbestos is added to rubber compounded 
for use in heat-resistan t articles such as brake linings and some 
packings.

Some of the fillers streng then  o r reinforce the rubber; chief among 
these are the ciubon blacks th at increase the tensile strength and give high 
abrasion- and tear-resistance. I f  the product m ust not be black, zinc 
oxide, magnesium carbonate, or certain clays, may be substituted for the 
carbon black. T h e  size o f  the  individual particles o f the filler is of great 
influence on the resu lting  p roduct. W ith the carbon blacks, the particle 
size determines the degree o f  reinforcem ent and, with other materials, 
determines w hether the filler reinforces the rubber or merely acts as an 
inert additive.

Other ingrediaits: O ther ingredients that may be added include pig­
ments which are in troduced  as fillers b u t are designed to impart colour 
to the finished article, colours added as dyes, and odorants added in 
minute quantities to im part a particular odour or overcome the character­
istic odour o f rubber. Abrasive agents m ay be added in making erasers or 
grinding wheels. Blowing agents may be added to form gas during 
vulcanisation in the  form ation o f  sponge rubber. While rubber is valued 
as a non-conductor o f  electricit}- and th u s  finds an im portant usage as an 
insulating covering for electrical wires and fixtures, it can be compounded 
to have a high degree o f  conductivit>' for use where elasticitv' combined 
^ith abrasion-resistance is desirable, iis in grounds for static electricit}' 
for moving vehicles.

Rubber: T he ru b b er is, o f  course, the  most important component o f the 
compound, and in  m any form ulae is designated as loo— so that the 
Percentage relationship o f  the  o ther ingredients to the rubber is at once 
apparent. In  many articles, such  as th at known as ‘pure gum ’ stock, rubber 

m aterial in  the  com pound. In  uther articles, however, 
^  her may be, on  a w eight basis, only a m inor constituent. An article 

little as lo  per cent o f  ru b b er by weight and still exhibit a 
aspect. In  general, the p ro p o n io n  o f  rubber in the compound is



dircctlv related tu its dci?rce u f  piiabihty and eksticity, although these 
qualities arc also aflcctcd by the proportions o f  other ingredients. Hard 
ebonite n u y  contain a high proportion ot rubber, with a still higher 
relative proportion of sulphur.

Davis & Blake (1937). products th at arc formed \\-ith different
percentages of rubber, included m those w ith 80 to 96 per cent of rubber 
bv weight pure gum  stocks, sheet gum , clastic thread, transparent 
rubber, rubber bands, electrician’s and surgeon’s gloves, surgical goods, 
and toy balloons. In  articles made w ith 50 to  80 per cent of rubber by 
weight these authors included autom obile and truck tyres, inner tybcs, 
household gloves, footwear, sponge rubber, balloon cloth, printer's 
rolls, and high-grade ebonite. T hey  included in  the  articles made with 
30 to 50 per cent o f rubber: p rin ter’s blankets, various types of hose, 
water bottles, druggist’s sundries, white hospital sheeting, heels, hollow 
balls, soles and soling, tubing, tank  linings, dolls and other toys, and 
footwear. As articles that could be m ade with only 10 to 30 per cent of 
rubber by weight, they included code-wire insulation, jar rings, steam 
or air or hydraulic packing, floor covers (mats, matting), bibb washci ,̂ 
gaskets, brake lining, tiling, and chcap battcr>*-boxcs. Items shown in 
more than one catcgor\- would represent different grades of product with, 
in genera!, die higher grade having the larger proportion of rubber.

Fabrication o f Rubber Goods

Rubber articles are fabricated from  the  com pounded rubber in several 
ways which include extrusion, m oulding, dipping, etc. In  general, hose, 
tubing, and insulated wire are m ade by extruding the compounded nibber 
from the orifice of an extruder under pressure. F rom  there, it goes to the 
vulcanization chamber where the reaction o f the  rubber and sulphur is 
brought about by subjecting the article to an elevated temperature.

M oulded articles are form ed by  forcing the  rubber compound into 
moulds of suitable shape and carrying out the  vulcanization in the moulck 
at a predetermined elevated tem perature and tim e. Suitable gas pressure 
may be needed to force the com pound into the  smaller parts of the mould. 
In  making automobile tyres, the tyre is form ed on wheels and only die 
final tread is formed in the moidd tihat is used for the vulcanization of the 
tyre. Air bags are used inside the tyre to force the tread compound inwi 
the mould configuration.

Dipped goods are m ade by dipping special form s into a solution of 
rubber and compounding ingredients, o r into latex in ^h ich  the cwh- 
pounding ingredients have been suspended by suitable means. After 
repeated dippings to build up the desired thickness o f rubber, the ciipped 
goods arc vulcanized on the forms by tran.sferring them  to a heateii 
chamber.

Rubberized fabric, such as that which form s the plies in fabricat' 
m g automobile tyres, is made by passing the materials through 
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_|,i-ro lIer machines A a t are  k n o r a  as calenders. In  these machines, 
,l,e rolls are m ounted  vertically in parallel and the  rolls that carry 

rubber a im p o u n d  are  ru n  somewhat faster than the rolls carrying 
,l,e fabric. T h e  com pound is wiped onto the  fabric and forced 
into it-

Machinery

The basic equipm ent o f a ru b b er factory includes m ixing roils, in­
ternal mixers, calenders, extrusion machines, and vulcanizing chambers 
or presses (Plate 56(i>)). As thousands o f articles are produced by rubber 
jnanufacturers, the list o f  special equipm ent is extremely diverse. A tyre 
factory must have special equ ipm ent for the building of t\Tes. T he  manu­
facturer of dipped goods requires dipping tanks for holding the rubber 
solution or latex, and suitable m echanical means for holding the forms 
during the dipping process. T h e re  is a need for autom atic devices for 
transferring m aterials, p arts , and equipm ent from  place to place, and 
automatic weighing and m etering devices for dispensing the raw materials. 
SsStty devices are required  to avoid injurv' to personnel operating 
the roachiner}'. T hese  devices protect workers against injur\' from 
the machiner}’ and reduce the hazard from  dust and solvents such as 
benzol.

The control laboratory constitutes a small factory, with equipm ent 
and facilities to perform , on  a  small scale, nearly all the operations of 
the factor\% I t  m ust have small m ixing rolls and vulcanizing presses 
and, in addition, tensile testing  machines, machines for the deter­
mination of viscosity-, for accelerated ageing tests, and for quality control 
of all products m anufacm red in the factor)'. I t  m ust be prepared to 
evaluate not only all o f  the rubbers that come to the factory but also all 
of the other ingredients, and to furnish formulations for new products 
that may be produced in  the fiictor>-. I t  m ust maintain controls on all of 
the processes at all tim es, so th a t chance deviations from specifications 
’̂ 'ill not occur.

Produa Control and Testing

Throughout the  m anufacturing  process, a rigid system o f control is 
f^intaincd to ensure th a t the product is of the  correct qualit}'. This 
checking is exercised from  the  control laboratory which tests all materials 
efore they are used, m akes periodic tests o f the compounds, and fiimlly 

famines the com pleted product to  determ ine whether it is up to specifi- 
Wions. These tests are  determ ined  by the nature o f the com pound and 

 ̂t>pcof article being m anufactured. T h e  sim pler and more standard- 
“ w tests include:

’̂ 'ensile strength: T h is  is the  force needed to break a test piece and is 
pressed in pounds per square inch (Ib./in.^) or in kilograms per square 

«i>timctrc (kg./cm.^) a t the  tim e o f  break.



Eknmtion: This is the  total elongation o f  the test picce at the time 
nf break I t is measured by the increase in  the distance between two lines 
nlaced on the test piece before the stretching process is started.

Modulus- T his m easurem ent is com parable to those both of 
strenfftli and o f elongation. However, the form er measurements arc lalccn 
at tiie time the test specimen breaks, while the m odulus measures the 
force exerted by a sample at a given percentage elongation.

Vhcosity: Rubber has the appearance o f  a solid; b u t before vulcaniza­
tion it exhibits many o f the characteristics o f a liquid, including plastic 
flow, freezing and melting, and a variable viscosity. I t  has been possible 
to measure the viscosit)- o f raw rubber by  means o f the Mooney p W  
meter and to demonstrate that this viscosity is related to the moleaikr
weight of the rubber. . , , • • , ,

Accelerated ageing: R ubber is durable and is particularly valuable 
because of its resistance to chemicals. M any o f the failures of rubber, 
however, are traceable to oxidation. T h e  durabilit>’ of rubber makes the 
testing of its resistance to oxidation difficult, beciiuse o f the timc-elcmem. 
Accelerated ageing tests, in which the  ru b b er is subjected to oxygen or 
ozone at advanced tem peratures and pressures, have been developed and 
are useful in establishing a  basis for estim ating how well the cumpound 
or rubber will w ithstand oxidation in actual use.

Other tests: Suitable standardized tests are available for determining 
the amount o f  swelling in various solvents, the freezing and mckinp points, 
the maximum tem perature at which any particular rubber will retain its 
rubber}- qualities, the characteristics o f the  stress-strain  curve, abrasion 
resistance, total recovery after stretching, fatigue, and other character­
istics that may be needed to m eet particular requirem ents.

T he  testing o f rubber is a technical operation requiring a basic 
understanding o f the m olecular structure  involved, and of the reaction of 
the molecules of great length to physical force at varying temperatures. In 
the field of rubber, there are now substances w ith molecular weights 
ranging from a few thousands to over a m illion-and-a-halt. Intrinsiall), 
this makes the comparison o f  the different polym ers extremely difficult 
and it is necessary, for product control, to select for testing only 
those properties th at have some direct bearing on the qualities o 
the product. M any o f the  basic tests are perform ed in the rescan, 
laborator)' which develops the routine testvs perform ed in the coiitro 
laboratory.

The Industrial and Commercial Status o f  Rubber in the Twcnlicth CV«mr>’ 
Rubber manufacturing is now a m ulti-billion dcfllar industr)' flosei} 

linked with world prosperit)^ I t  has been subjected to more of the 
and downs of economic variability th an  m ost commodities, but bc^s 

having reached economic m aturity  and a stability iissured ) 
significant volume of synthetic production that can be e .v p a n d e il t't 
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ntracteii to  m eet dem ands, and to balance the  less easily controlled 
Joctuations in the  production  o f natural rubber.

The production o f rubber products is now a leading industry in 
China, England, France, G erm any, Italy, Japan, Russia, and the U nited 
Sotes! O ther countries have im portan t rubber manufacturing industries, 
j jd  still others have an  expanding need for rubber goods.

Rubber is essential to  the autom obile industrj- and to the entire field 
of transportation— on land, on  sea, and in  the air. I t  is important in  many 
other industries requiring  elastic, flexible, or resilient materials.



t h e  r e l a t i o n s h i p  o f  n a t u r a l  r u b b e r s

Sameness of N atural R ubbers

R[!Bber has been obtained commercially from  dozens o f different plants 
and has been reported in thousands o f o ther plants th at have not served as 
commercial sources of rubber. So far as is known, the rubber molecule 
in all of these rubber-containing plants is identical in its unit structure. 
Differences in  the rubbers result from  two variables: the molecular weight 
of the rubber, and the non-rubber m aterials th at are associated with the 
rubber as it appears on the m arket. Som e o f the  non-rubber materiak 
are associated with the rubber in  the plant and are collected along with the 
nibber. Others are im purities that are added to the rubber either acci- 
denfcdly or intentionally. These consist o f d irt, stones, trash, bark shavings, 
and siinilar materials. Only the  non-rubber constituents of the latex that 
were associated with the rubber in the p lan t introduce identifiable differ­
ences between the natural rubbers.

T he R ubber M ole,cule 

Ckcmkal Structure o f  Rubber and Gutta
I t  has been noted previously th at ru b b er is a polymer of isoprene and 

that a second polyisoprenc is also found in plants and is known as gutta. 
Structurally, rubber and gutta differ only in the atomic arrangement 
before and after the double bonds. In  rubber, the  ch arrangement is 
found, the approach and continuatiim  o f  the m olecular chain being both 
on the same side o f  the plane o f the double bitnd, whereas in gutta the 
tram arrangement obtains, the approach and continuation being on 
opposite sides. T his can be shown diagram m atically as follows:

C C  C 

C  : C  C  : C

C
cis irsm

T his angular arrangem ent can best be understood by realizing tint 
m  the long-chain molecule the sucecssivc atom s (carbon atoms only sK 
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• the chain) are not in alignm enr in a single plane, but that there is 
'^nsiJcrablc latitude for directional rotation a t each union o f the atoms 
‘̂ thcchain. As a result, the  m olcculc a t rest has been likened to a crumpled 

Qf string which, u nder tension, becomes more and more linear 
tension is increased.

Moieculdr Weight Variation in Rubber

S tru c tu ra lly , both  ru b b er and gutta consist o f long, unbranched 
iQolcciilcs. In  rubber, tlte lengths o f  the individual molecules var>' 
within rather wide limits. As there  are no side chaiits, the molecular 
weight of rubber is directly  related to the length o f the molecule. T he 
molecular weight o f  the ru b b er from  different sources varies greatly and 
is a dwracteristic difference betw een these rubbers. However, no sample 
of rubber is m ade up  o f  molecules o f  a single size, and the observed 
differen.ces result from  the  m ean molecular weight of the individual 
sample of rubber and from  the molecular weight distribution within the 
sanple.

Rubber o f  low m olecular weight is m ore soluble than is that of high 
molecular weight, and it is possible to fractionate the rubber by this 
differential solubilit>', to relate the various fractions to molecular weight, 
and to compare different rubbers o n  the basis o f  m ean molecular weight 
and molecular weight d istribution.

Thg Fractionation o f  Rubber. T h e  separation o f rubber into portions 
laording to differential solubility can be accomplished in two ways. 
The separate fractions can be obtained by segregation on a time basis 
js the rubber is dissolved, or by differentiai precipitation from  a solution. 
In the first case, the  use o f  a relatively poor solvent increases ± e  time to 
complete solution, and thus the abilitv- to separate the individual fractions 
more precisely. T h e  percentage relationships o f  the various fractions are 
determined firstly by  the rate  o f  solution and, secondly, by the amount 
prcdpitated by increasing am ounts o f the precipitant. In  either case, 
it is possible to estim ate the  m olecular weight o f the individual fractions

determining the viscosity o f  the solution.
\\ood {1954) gives the  following form ula as the one most commonly 

jsed in recent years for converting intrinsic viscosit)' m easurements of 
wgh polymers into m olecular weight;

V -- KM «

where V is viscosity, M  is m olecular weight, and K  and a are constants 
determined for the particu lar polym er system involved, 

f dissolved in  toluene, W ood gives, from Carter et al.
the value o f  0-667 i  0-007 for and 5-02 ' 0-04 for K. M olecular 

ts given by W ood for n a tu ra l rubbers range from  420 to a high of 
'OOQ,000.



Mokadur D h n ih a m i in ^Crypmtegm\ Cmyule, and Ĥevca>
Rubbers Hauser & le Beau (1946) investigated ihc molccular weight 
distribution in samples o f s:uayulc and Crypmtcgra rubber in comparison 
with that from Hevea. T hese authors were particularly interested in the 
low-molccular-weight fractions o f  the rubbers, and used hexane as a 
solvent because it was a ‘poor’ one. A fter exhaustive extraction with ace­
tone to remove as much as possible o f the  resm -content, the samples were 
dried in a vacuum and (hen treated w ith hexane, T he hexane soluiion 
was removed at intervals and fresh hexane added. T h e  viscosity of each 
fraction was determined, using A rrhenius’s equation for conversion of the 
viscosity to molecular weight.  ̂ , , , , ^

Hauser & le Beau investigated only the  hexane-soluble fractiotis of 
Crypmtegia and guayule rubbers, com paring these fractions with those 
from Heved rubber fractionated under identical conditions. They found 
outstanding ditrerences betw een the  m olecular-weight distributions 
of these rubbers. Both Hevea and Cryptostegia rubbers contained appreci­
able fractions that were insoluble in hexane. Guayule rubber, on die 
other hand, was entirely soluble in hexane bo th  before -and after milling.

The Cryptostegia sample had a large fraction with a mean molccular 
weight of around 78,800, while the  modal fraction from guayule had a 
m ean molecular w'eight o f around 95,000. How ever, the hexane-insoluble 
fraction of Cryptostegia rubber m ade it com parable with that of Hevcn, 
both having a higher m ean m olecular weight th an  gua>^le rubber which 
was entirely soluble in hexane.

While the Cryptostegia and Hevea rubbers covered the same general 
range o f molecular weights, their m olecular-w eight distributions \\ere 
decidedly dissimilar. Hevea rubber did not exhib it the  outstanding modal 
fraction that Cryptostegia showed at 78,800. T h is  fraction in Crypmtepa 
contained 13-44 per cent o f the entire sam ple, while no fraction of the 
hexane-soluble portion o f Hevea contained m ure than  5-6 per cent of die 
entire sample. Only 52 per cent o f the Cryptostegia sample was soluble w 
hexane, but 57 per cent o f  the Hevea sample was soluble in hexane in igi 
hours, although the authors stated th at the extraction of Hevea was not 
complete at that time.

Even though the hexane-insoluble fraction o f Cryptostegia ru b b e r 

higher than that of Hevea, the m ean m olecular weight of the 
rubber was higher than  that found for Cryptostegia. (-omparcd on  ̂
basis o f solubility-tim e relationship, the comparable fractioa'? 
Cryptostegia rubber always had a lower m olecular weight chan the com 
parable fractions from  Hevea rubber. ,

Molecular Weight Distribution in Rubber from  I 'arinus Parts 
Benedict et al. (1950) showed th at there  is a variation in the 
weight of the rubber extracted chemically from  roots, stems, 
and tips of cultivated guayule plants. Fractionation was acci>mplisne . 
differential precipitation o f the ru b b er from  a beiizene solution, me .



hoi being used as the  precipitant. Each fraction o f rubber was re- 
in benzene and its viscosity m easured in an Ostwald viscosi-

tcr S taudingcr and H euer relationships o f  viscosity and
i c i i l a r  weights, as given by Davis 8c Blake (1937), the authors cal- 
( l̂ated molecular weights o f  from  20,000 to  over 200,000.

Benedict et al. found th at the  rubber in  the roots o f  guayule had the 
iijffhest molecular weight, th at o f  the stem s having next to the highest, 
follo' '̂cd by that o f the branches, while that o f the tips had the lowest. 
About 50 per cent o f  the ru b b er from  the tips was contained in the first 
fractinn (high m olecular weight), compared with over 70 per cent of that 
in the rofjts and stems. T h e  viscosity o f the rubber solution o f the first 
fractions from the roots and stem s was slightly higher than that from the 
tips, but the higher m ean m olecular weight resulted from  the unequal 
distribution of the  six fractions in the rubber from  the different plant 
jsns.

L atex

Latex is a milky fluid th at is found in many plants. I t  is, in general, 
associated with the presence o f rubber or gutta ; however, certain plants 
such as the MammiHaria cactus have latex but no rubber, as is also true 
of species o f lily that have a m ilky latex in the bulb. T he  ‘milk’ o f some 
plants, such as the  cow -tree (Brosimuni spp.) and the massaranduba 
{Mimusops exceha) o f  Brazil, has been reported to have been used for 
food, and there is record  o f  the  latter source having served :is cream in 
coffee. The s>-nthetic em ulsion o f synthetic rubbers is also known as 
latex and, for practical purposes, latex is considered, industrially, as a 
suspension in  w ater o f ru b b er together with non-rubber emulsifiers, 
stabilizers, antioxidants, and  a large variet\^ o f other non-rubber sub­
stances including sugars, p roteins, fats, organic acids and their salts, and 
minerals.

The latex-vessel system  o f  Hevea has been described (cf. p. 68), as 
have the latex-vessel system s in  o ther rubber-bearing plants {cf. pp. 102, 
i-H. 156, 263) and the isolated latex-stonige cells o f guayule {cf. p. 106). 
In all of the m ore im portan t rubber-bearing  plants, the rubber is 
foynd in the form  o f latex b u t, in goldcnrod and in the leaf parenchyma of 

'̂fyptoste îa  ̂ ru b b er is found  associated w ith the chloroplasts in  the 
mdividual cells rather than  separated in  a specialized structure. No 
demonstration has been m ade th at the gutta globule is contained in 
i-mrnrnia ulmoides in  the  form  o f  latex. W hen a fresh leaf is broken -and 
tbe m o parts arc stre tched  apart, the strand o f  gutta stretches out im- 
fiiediately in solid form . T h is  s tran d  appears to act like rubber, stretd iing  
^ 0  retracting as force is applied  and relaxed. However, under magntfica- 

the giitta fibres can be seen to act like finely coiled springs, recoiling 
extension rather tlum  exhibiting elasticity.



Fresh latex, as it exudes from  different plants, varies in consistencv- 
from thin and watery to thick and creamy. TJie conceiuration of solids k 
the larex varies from plant to plant and, in m dividual spccies, varies from 
season to season or even at different tim es o f  day. W hen latex is rubbed 
bctsveen the fingers, that from different plants reacts quite diffcrenily.

latex agglomerates quickly and form s a  srm ll lump of rubber that 
comes cleanly from the Hngers. In  o ther types o f  latex, no agglomeration 
takes place and the latex gradually dries on the  fingers, leaving a sticb- 
residue tliat is difficult ro remove. Such latices are used as bird-limes for the 
catching of birils by adhesion.

Botm kal Differences in Latex Particles. W hen viewed under the 
microscope, all latices have physical characteristics that serve to differen­
tiate the general types. M ost characteristic o f the rubber-containing 
ktices is the physical aspect o f the ru b b er globules or particles. Under the 
microscope, these particles can be detected in an  active state of Brownian 
movement. T he shape and size o f these parliclcs arc characteristic oflata 
from various sources. In  m ost types o f latex, the particles arc spherical 
and differ only in size and concentration. In  Hevca latex, i\owever, the 
particles are pear-shaped, often having a d istinct rail, though as not all 
are orientated in the same plane, tlie characteristic appearancc of the 
particles varies from spherical to pear-shaped. T h e  particles in 
latex are rod-shaped.

Particle Size and Brownian Movement. T h e  rubber particles indif­
ferent latices vary in diam eter from  subm icroscopic to several microns. 
These particles are in  colloidal suspension, and their crratic Brownian 
movement is related in rate to  particle size, the larger particles being slow 
and sluggish in their movem ents, and the  sm aller particles moving more 
rapidly. Henri (1907) has estim ated that there are 50,000,000 piirticles 
in  1 cubic crn. o f Hevca latex having a concentration o f H 7 per cent of 
rubber. On the b;^is o f moving pictures o f  the latex panicles in a ver\- 
dilute latex, H enri (1908) calculated a speed o f 0-62 microns in one- 
twentieth of a second.

T he ultramicroscope and the electron m icroscope reveal that the 
characteristic particles o f all rubber latices arc m ade up of masses oI 
smaller and probably spherical particles. I t  is reasonable to specubte that 
the physical characteristics o f  the particles, as revealed by the microscope, 
arc a function both o f the concentration o f  the rubber particles and "f the 
nature and concentraticm o f the non-rubber constituents of the 
Noble (1936) explains the cream ing o f Hcvea latex that results from the 
addition of organic colloids such as karaya gum , lociist-bcan gum, 
tra g a m th , Iceland moss, alkali solutions o f  alginic acid, and simiat 
niaterials, os resulting from  the enlargem ent o f the particles by adsorption’ 
of the gums on the surface o f the latex particles, thus stopping the Dr()« n* 
lan movement and allowing the particles to  rise to the tup—because 0



TlrlE R E L A T IO S S tr iP  O F N A TU R AL RUBBERS 

flie diffcrcncc in specific gravity o f the partidcs and the aqueous

"'^Hauser (1930) states th at in  young trees o f Hevea bnmliemh, or in the 
green portions o f old trees, the  rubber particles seldom have a diameter of 
^ r c  than i m icron. rces from  rcn  to fifteen years o f age have particles 
Biih diamclers o f 0-5 to 3-0 m icrons, and also large num bers of particles 

diameters below 0 5 m icrons th at are thus not visible except to the 
ultniinicroscope. T h e  larger ]iarticles have lengtlus o f 4 to 5 microns, a few 
bcin  ̂6 or more m icrons long. Particles from  old trees have distinct tails, 
but diese were not found in  the latex from young trees. W hen trees, are 
tapped after a Umg rest, the particles are at first relatively large, 
diminish in size w ith successive tappings and reach a m inimum  after 
about eight tappings. T h ey  then  increase in size and reach a constant 
size after another eight taj>pings.

Primary Particles. Scho(m & Phoa (1956) studied latex particles in 
latex from seven different species o f plants, including a gutta-yielding 
plant. Microscopical studies were m ade under dark-field illumination. 
Chemical studies included the  hydrolysis of the latex with N aO H , 
bromination, and soaking the  b rom iiu ted  samples in toluene or other 
solvents to increase the size o f  the  particles.

These authors concluded tlxat the  primar>' particles of all latices are 
probably spherical, and th a t the  characteristic sizes and shapes o f the 
particles which have been  described are due to an agglomeration o f these 
primar\- particles. T h e re  is no cohesion in this agglomeration and, 
when the particles are swollen by brom ine or by the use of solvents, 
the discrete nature o f the individual particles in the agglomerate is 
tpparcnt.

Gemral CotnpaTtson o f  Latex Particles. Information published by 
Spence (1908), T ob ler (1914), H auser (1930), Stevens & S ev en s (1940), 
and Schoon & Phoa (1956), on  the m easurem ent and characteristics of 
the particles in the latex from  various plants th at produce rubber or gutta, 
is given in Table XV I.

^tfx Stability

There is great variation in the stability  o f  the latex from  different 
plants. The latex o f  Manihot coagulatcs spontaneously and is difficult 

collect, as it coagulates on  the  tree before reaching the cup. I t is neces- 
to add a preservative to  the  latex o f  Hevea if  it is to be kept for any 

appreciable tim e. Spontaneous c o a ^ la tio n  is not rapid but lump forma- 
starts in the  latex o f  som e trees, and particularly in the latex o f  young 

“tidings, even before the flow o f  latex has stopped.
owled containers o f  Castilla and Funtumia latex can be kept for long 

P^nods without the  need  for any presen'ative. Both o f these laticcs 
spontaneously in  the  open  b u t are far more stable than Hevea



U T L X - P A R T ia J i  a -lA R A C T E R IS T lC S I N  VARIOUS LATICES

Coiiilla  sp .

C . nkoyensis i-o -3‘S m icrons

C ryptoiU va
grandifiora

F ifas sp .

I'tm tum ia  sp.

llevea
braaliensis

Lucuma
Ustiocarpa

M aiiikot sp .

Partic le  size P a n ic le  shape
and  c h arac tcns tic s  

S phcrica i a n d  sphe ro idal, 
Spherica l liqu id  d ro p le ts  w ith 
defin ite  siiell s tru c tu re . D o  not 
fuse  toge ther w hen  w ater is 
c v ip o ra lfd .
A fter b rom inarion , a  secondary  
s tru c tu re  becom es visib le, p a r­
ticu lar!) ' in a sam ple  trea ted  w ith 
N a O H , b rom ina ted , a n d  sw ollen 
in roluene.

o - i - f o  m icron  B rom ina tion  has a coaguJatinj:
eftcct b u t  docs no t lead to  sw el­
ling . N o  secondary  s tru c tu re  
observed.

5 m icrons, m ax. -  —  _ _ _ _ _
Spherica l a n d  liqu id -like  d rops o f  
o il. Fu.se com p iete ly  in  coagiila-

Q-2-3-0 m icrons B rom ina tion  ca\iscs a doubiincr in
size  and  show's a lm ost a ll v isible 
p a rticle s to  b e  m ade  o f  sm aller 
spheres. T h is  show ed  up  m ore  
clearly  a fte r  sw elling  brom ina ted  
particles in  so lven ts, A u tho rs  
suggest lh a t sm allest \isibJe 
p a rticlc s are  m ade  u p  o f  si.K 
p rim a ry  pa rticle s a n d  have  a t least 
tw ice  th e  d ia m eter o f  th e  p rim ary  
particle .
L itt le  d ifie rcncc  in  latex particles 
o f  d ifferen t species o f  Ficus. 
B rom ina tion  m uch  m ore  eflectivc 
a fte r  hyd ro ly sis, a n d  sw eliinp o f  
b ro m in a ted  sam p le  has no threat 
influence.
B oth  p e a r-sh a p ed  and  sphcrica i 
particlcs.
P a rtic les  fro m  o ld  trees have 
d is t in c t tails lh a t a rc  no t fo und  in 
b te x  from  young  trees.

L ess than  0-5 
m icron  ro 3-0 
m icrons d iam .

and  4 -6  
m icrons long 
L ess than  o-z  
to  3 '0  m icrons

Schoon & Phc4

Schoon & Phoa

Spence
Slevcns S; Stevens

B rom ina tion  m akes th e  secondary  
s tru c tu re  c learly  visib le. Sw elling 
in  to luene  causes th e  p rim a ry  pa r-  
ticle.s to  se para te  from  cach  o the r. 
T h e  p rim a ry  pa rtic lc s  seem  to  be 
inv is ib le  in  o rd in a ry  iiph t.
'ITie pa rticlc s a re  ha lf-w ay  b e ­
tw een  those  o f  I fevea  a n d  those  o f  
Ficus. T h e y  a rc  n e ith e r pear-  
shaped  a n d  solid  as in  H fV fa , no r 
spherica l a n d  liqu id  ns in  Fictis. 
R od -shaped .
B oth  ro d -sh a p ed  a n d  spherica l.

Stevens & Stevens 

Mauser

Schoon & Plwi

S,evens & Sicvftvs



'i ’A B L E  XVI {Continmd)

Particle size

sp.
(CODld.)

lo  microns lonfc, 
ultramicroscopic 

in width

Mtmlkara
iaUlu

Mimml>s
hktd

ITicy consist o f a homogeneous Mauser 
«icky mass wit h low extensibility.
On coagulation, the tckIs form 
dum ps without orientation and 
finally fuse to a homogeneous 
mass.
After brojninaiion, the rod-like Schoon & Phoa 
particles were shown to be com­
posed of small primary panicles 
in linear arrangement. In floc- 
culatcs, the linear (rod-ltkc) 
structure disappears and only the 
spherical primary particles arc 
important.
By hydrolysis with NaOH, the Schoon & Phoa 
secondary structure bccom« 
more pronounced. The swelling 
from brominarion is not more 
than 20 per cent. No further 
swelling in toluene, Gutta rather 
than nibbcr.
Shell structure. \'c ry  viscous Hauser 
liquid centre surrounded b)- a 
thin but exceedingly tough mem­
brane.
Appruvimatcly spherical. Homo- Hauser 
i;encous and nearly solid. Par­
ticles I'rom ‘p i t a  ncaiok’ and 
‘gutta sundik' have a hquid in­
terior surrounded by a very tough 
membrane.

Utex Coagulation

The variation in the natural stability u f latices from  different botanical 
sowces is matched by com parable differences in the means required to 
bring about coaguiation. All latices can be coagn.ilated with an excess of 
^ohol. Some can be coagulated by the addition of fruit or mineral acids, 
^ e r s ,  such as th at o f Crjprosre^ii, are best coagulated by raising the pH. 
roinseitia latex is coagulated by the addition o f ammonia.

Coagulation is related to the  na tu re  o f  the latex particles, to the con­
centration and character o f  the  non-rubber stabilizing substances in the 
aqueous medium , and  to the  character of the adsorbed layer, or sheath, 
ihat surrounds the particlc mass. Seifriz (1945) states that this sheath is 
®r«idered by m ost authorities to  be a protein, but that his studies led to 

® conclusion tliat it is a composite o f p rotein and hydrocarbon.

^m-rubber Comtiuu'un o f  Latex

cons'̂ ^^^ is available ctm cem ing the nature o f the non-rubber
of various laticcs—particularly  on those that affect the stability
Whe^ preservation  or coagulation, or the quality o f the rubber,

rubber latex is coagulated, a major portion of the  non-rubber



constituents mâ ■ be retained in the scrum  th a t is discarded. Taysuni(i 
found tlu r rJie serum  from Htrvea latex m ay have a  by-product value for 
use in the preparaticm o f cukiire media for bacteria and possibly for fungi 
in the production o f antibiotics and grow th substances. After giving 
directions for the production o f the m edia, T aysum  points out that suA 
media contain . a wide ^^a^^ety o f am ino-acids principally alanine, 
v-aline, t\Tosine and proline, carbohydrates mainly the polyhydric alco­
hols mvo-inosotol and qucbrachitol (m ethyl-i-inosotol), an exceedingly 
diverse’scries of proteins o f \videly varying molecular weights probably- 
extending to the nuclear proteins, and various p lan t growth faciors,’

The non-rubber constituents that have been reported in natural latex 
are extremely varied. T hose listed by  H auser {1930) include proteins, 
sugars, waxes, resins, gum s, tannins, glucose, pectin, starches, inosite; 
the proteolytic enz}mie, papain; lipase, amylase, protease, oxidase, 
lupeoi; cinnamic and acetic esters; form ic, acetic, and malic acids; the 
calcium, potassium, and m agnesium  salts o f malic acid; calcium phos­
phate, aluminium oxide, silica; and iron, m agnesium , calciimi, porassium, 
nitrogen, and clilorine, all in  bound form s. M ost o f these substances arc 
not included iit the rubber after coagulation and have no eifecr on com­
pounding. M any latices contain only m inor quantities of rubber. Most 
species o f Euphorbia contain euphorbon, sometim es in considerable 
amounts. This material has never been reported  from  plants of any other 
genus.

Altman {1939, 1940, 1941, 194K?) and A ltm an & Kraay {1940), in a 
series of papers, announced the separation from  H n'ca  latex and idcnrifiea- 
tion o f the following amino-acids: proline, oxyprolinc, t\rosine, aspartic 
acid, leucine, isoleucine, dioxyphenylalanine, phenylalanine, glutamic 
acid, valine, histidine, cystine, orn ith ine, glycocol, and alanine, In addi­
tion, tliey reported lecithins composed o f glycerophosphoric acid, ch()ldnc, 
and the fattv' acids palmitic, stearic, aracbic, oleic, and linolic; stachydrine, 
trigonelline, turcine of betonicine, and choline; also alkaloids. s

R ltbbers

Dissimlariry o f  Natural Rubbers

T he dissimilarities o f natural rubbers stem  partly from the con­
stituents o f the latex from  which tlie ru b b er is prepared and partly fro® 
the metliods o f preparation. Differences in the m ethods of preparation 
may be due to the character o f the plant that furnishes tlic rubber, 10 the 
character of the latex, or to particular local conditions that intlucncc i e 
gathering of the latex or rubber.

Wild ^Hevea' Rubber. T h e  preparaticm o f Hcveu rubber in the form 
of smoked balls was standard practice in the  Amazim Valley \\hcn '  
ham  collected the Hevea seeds that resu lted  in  transferring the rubber- 
producing industry to the East. T hese smoked balls are still being 
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^Kiucca, though iliving way lo the production o f eonceniratcd latex.
balls weigh from 50 to  too lb. cach, arc hollow in the centre, black tm 

L  and whitish to dark yellow or brown on the inside. As rhe>
produced by d ripping  succcssivc am ounts o f late? on a core formed

3 wooden paddle revolved over a smoky fire, they have, \̂ hen cut open, 
,j,f appearancc o f  a gigantic onion. T h e  inside o f the ball may be either 
fairly dr>' or filled w ith a w atery fluid, which may occur both in the hollow 
ccnirc and between some o f  the layers. T h e  ball may be relatively free 
from odour or may be foul-smelling, b u t is never as bad in this rcspect 
as chiltK and o ther ru b b ers  that contain higher percentages o f proteins. 
Brazilian smoked ball is the  m ost uniform  in  qualit}' o f all t>-pes of wild 
rubbers, because Hevea  latex has a smaller proportion o f non-rubber 
constituents than any otlier type o f natural rubber.

Markel Grades in 1917. In  a glossary o f the term s used in the rubber 
iadusiry in ig iy , D an n erth  (1917) listed the grades o f  Heiea  rubber 
appearing on the Am erican m ark e t:

1. Fine Para Rubi/er: T h is  material is obtained from the wild Hevea 
m tlia m  trees found along the Amazon and its tributaries in Brazil, 
kappears on the m arket in abou t tvvent\-five grades and varieties which 
vary ia (i) tensile streng th , (2) \\ater-c(m tent, and (3) percentage of dirt. 
The grades are nam ed after the se\’eral tribu tary  rivers o f the Amazon and 
ifter die port o f shipm ent. S()me o f  these grades (mentioned in the order 
of their quality) are: ( i)  Beni or Beni Bolivian; (2) M adeira; (3) Solimoes, 
Javary, Jurua, Purus, A cre; (4) M ollendo, Angustura, X ingu; (5) Tapajos; 
(5) Mattn Grosso, Q iviana, Peruvian, Islands, Tocantins.

2. Medium Para Rubber: T h is  material, prepared from the latex of 
Hrcea brasilieiisis  ̂ is next to  fine Para rubber in commcrcial value. I t is 
recognized by the appearance o f the ‘ham '*  when viewed in cross-section. 
Cards and globules o f  im perfectk  coagulated ‘m ilk’ arc seen between the 
layers, These uncured spots and badly smoked spots may be only as large 
« sixpence, or they m ay constitu te as much as 25 to 50 per cent o f the 
'holcjiam, I 'h e  price per pound is in  consequence 34 cents below that 
of fine Para rubber.

3- Coarse Para Rubber: T h is  is Hevea scrap rubber prepared from the 
^■sidue left in the latex cups. ‘U p-river coarsc Para’ is distinguished from 
'Hinds coarsc Para’ by being d rier and harder, and having the spheres or 
N e s  smaller. ‘Islands coarse Para’ appears on the market in irregular 
™ls :iboiit seven inches in diam eter. T h is  grade shrinks from 35 to 50 

<̂ *nt, while ‘up-river coarse Para’ loses 20 to 25 per cent when it is 
'̂ ■ashcd and dried.

X aslilld ' Rubber. N ex t to Ileveit, the largest quantities o f  wild 
™oer have come from  Castilla spp .— as caucho from  ihe Amazon and

m  orii! b a ll  o f  r u b b e r  b e a r s  J  sujM :rfici4l rescmblancc 10 a  h a m  and o f ic n  h a s
' W  r c n u n is c tn t  o f  n h e a v i ly  smoked h a m . l l  is  o f te n ,  th e re f o re ,  r e f e r r e d  to  ;is a



as castilloa shct-t r)r slab frcun o ther parts o f the .'Vmcricas. In manyare, 
a u ^ ila tio n  was by natural ferm entation—m ostly in lioles m the ground’ 
This rubber was black, dirty, and foul-smelimg. In  some areas, the Castilk 
latex w-as coagulated by the addition o f  a decocrion of moon vine. Some 
times the coagulum was w;is]icd and roughly sheeted on crude rolls but 
more often it wius only roughly pressed and allowed to dry. It was black, 
and somewhat leŝ s odorous th in  that prepared by natural coag:uktion 
but it still required to be washed before being used in the manufacture of 
rubber goods.

Schurz et a i  (1925) stated that in the Amaztm Valley caucho came 
under tlie general classification o f  ‘line’, and  on  the Para and Manaos 
markets was subdivided into two general classilications, Hrnmhy dt 
caucho (caucho ball) and caucho pranchu (slab). T h e  caucho ball was made 
by stripping off the ribbons o f rubber th at coagulate in the cuis on the 
tree and rolling them  into balls or bundles (Plate 57(</)). The cauck 
prancha w&s rubber that had been m ade from  latex which had beea 
allowed to coagulate naturally, or with the  aid o f soap or vines, in a hole in 
the ground. I t was dirt)', and had a fetid  odour and a poor appearance. 
I t  was sometimes pressed into blocks and then cut into strips and wound 
into balls.

Wild Ceara Rubber. M anicoba or C'eara rubber was produced from 
species o f Manihoty chiefly Al. ghiziovii and  M . diclvilm a, in Brazil. 
I t was obtained by spontaneous coagulation, or b\' the addition of water 
to the latex, and appeared on the m arket in the furm of lumps haviiig a 
light tan to am ber colour. T h is  was usually a high grade of rubber and 
D annenh (1917) stated: ‘Since 1910 this ru b b er has become popular in 
America for the m anufacture o f Iiigh-grade products.’

The African Rubbers. As was shown previously, there arc many 
rubber-bearing trees and clim bers in Africa. All o f these produced suft 
rubbers that became known generally as ‘xAfricans’. Danncrth (igi;) 
stated:

The principal ‘Africans’ which were offered on the Aniericiui market ate, 
in the order o f their value; ( i)  Lopori, (2) U jiper Congo, (3) Ri'>
(4) Conakry, (5) Massai, (6) Soudan, (7) Kam crun, (S) Hcngucla, (9) Accn- 
All these rubbers arc obtained from various species dI LjiKlolphk and atf 
therefore sometimes designated ‘vine rubbers’ . Accra rubber is aIsoi>btair.ed 
from Fmiumta and from Cliiuiulra \ while rubber from iho Herman colony 
o f Sud Kamerun is obtained principally from Fmilumia plants.

When purchasing these rubbers, the buyer judges itiem mosily h\ 
and general appearance. I f  thev are dirtv and full o f sand, they wtH «  
obviously heavy. T he loss on washing and’ drving these rubbers is wnsidcr* 
able. Accra lumps may lose froni 40 to 50 per cent » f their wciglit. On iw 
other hand Upper Congo balls may lose only 1 5 per cenr 1 >f their wciiiht.

Pearson (1921) listed m any grades and types o f  African rubbers in 
I9 2 i> giving the native names, botanical sources, and geographical orii,nns.



jie showed that ihc ru b b er was produced in dozens o f different shapes and 
q/,cs and varied in quality  from  excellent to bad. All had to l>e washed 
before use, and the loss in  washing shown by Pearson ran from 7 to 60 
j^ c e n t of the crude weight o f the rubber.

African rubbers were produced and exported in appreciable quantities 
ynbi after the end o f W orld W ar i .  T hey  were of particular value as 
softeners for Hevea ru b b er, b u t their use decreased quickly in favour of 
cheaper materials.

Jdutong. A very resinous rubber known as Jelutong or Pontianak 
vv-as produced in  Borneo and Sum atra from  species o f Ahtonia and 
Dytra. Thi.s rubber appeared  on  the m arket as dirt)-, blackish slabs, but 
found some use in  the rubber induscr>- and, later, in the m anufacture of 
chewing gum. D annerth  (1917) states;

Pontianak.—K  gum prepared from the milk o f Dyera coslu/uta and related 
^ • ie s  in Borneo and Sumatra. T h e latex is coagulated by mcaas o f kerosene 
together with acidic salts (such as alum). T h is gum is known in England as 
Jelutong, but here it is universally sold as Pontianak, the name o f the port 
on the Island o f Borneo from which it is shipped. The dried gum contains 
about 75 per cent resins, a fact which makes it o f especial value for the pre­
paration o f ‘ friction’ compounds in the manufacture o f mechanical goods.

Plantation R ubber

Marked Grades'

Plantation rubber is graded on appearance and cleanliness and sold in 
comraodit\- transactions on this classification. Grades have been estab­
lished for crepes and for rib b ed  smoked sheet (RSS or R.S.S.). Both 
International and R .M . A. (R ubber M anufacturer’s Association) standards 
have been established and can be used for buying and selling. Quotations 
nuy be by either standard  and, in  general, the values of the rubbers are 
directly related to  the  grades. International grades i to 3 for crepe and 
smoked sheet denote increasing am ounts o f imperfections, as do R.M.A. 
grades i to 5. T h e  brow n and blanket crepes also vary in grade according 
to die assigned num bers, w hich represent increasing amounts of dirt.

\Vhilc, in  general, the  grade designation indicates the relative value of
rubber, dem and (̂ or particu lar grades mav result in lower grades being 

actually quoted tem porarily  a t h igher rates than some of the better grades, 
w may resuh in  the h igher grades being tendered at the lower grade 
Ji^otatiou. In  general, ru b b er quotations are civen as those for RSS i 
Itirat-qualitj- ribbed  sm oked sheet).

Ciassified R tM er

^  The rariability  o f  w ild ru b b er was accepted as a natural condition 
from differences in a m ultitude  o f  butanic-al sources. In  com- 

it Mas necessary to take in to  account the variability' o f dozens



of sradcs and ty p «  " f  " ‘’'.cr, and so t<, blend die rubbers from differcn, 
«,urccs that umform products were obtam cd. 1 he des.rablhly of p,„. 
duciiw standard grades of plantat.on rubber has been rccognizud, ,  
W e  measure of uniformity has been accom phshed. Complete standardi­
zation has however, not been attained. T h e  processing characteristics of 
the rubber vary from  place to place, from  clone to  clone, and from scas„„ 
to season. M anufacturers o f  rubber goods m ust still blend rubber from 
several to many lots to produce um form  products.

Synthetic rubber, on the o ther hand, is produced m standard prides 
tliat can be used w ithout the necessity o f  blending. T he uniformity of 
competing grades of symtlietic rubber forced a review of the variabilitj- 
of plantation rubber. H ere, rigid adherence to m arket grades was not 
sufficient for standardization o f the product, as there is a significant varii- 
tion in the processing characteristics o f difl'erent lots that is not encom­
passed in the classification.

French scientists o f the In stitu t des Recherchcs sur le Caoutclumc cn 
Indochine suggested the  m arketing o f rubber w ith predetermined pro­
cessing characteristics. At a general conference at the Rubber Research 
Institute o f Malaya, K uala L u m p u r, agreem ent was reached fur tie 
production of rubber classified a t the point o f origin with regard to its 
processing characteristics.

R. G. Newton et al. (1951) studied and tabulated the t>-pc and source 
of die variation of plantation rubbers, and  thus indicated the tremendous 
natural obstacles to standardization through control o f plantation processes. 
M ann & Ne^\ton (1950) and de H ann-H om ans {1949} showed dit ad­
vantages of determining and m arking the ru b b er according to its pro­
cessing characteristics as a  m eans o f facilitating the use ot plawation 
rubbers to m eet specification dem ands, w ithout the necessity of mixing 
many lots of rubber to m aintain a uniform ity  o f com pound at the facion,

Linder the French plan as adopted for general use, the rubber was to 
be classified for hardness on the  basis o f M ooney plasticiiy tests, and tor 
the rate of cure on the basis o f  tensile stra in  tests. T here  were to be ihree 
categories o f each, making nine classifications in all. I 'h e  hardness ol the 
rubber was to be indicated by placing a cross, circle, ur line <m two sides 
of the bale. T h e  cross represented a stiff rubber, the circle a medijini 
rubber, and the line a soft rubber. T h e  curing characteristics ot the niW’ff 
were to be indicated by the colour o f the m arkings. A blue cross, u n  e, 
or line indicated a fast-curing rubber. I f  the m arking \sas yellow, 
rubber was m edium -curing and, if the  colour was red, the rubber 
slow-curing.

I t  was soon realized that changes in the rubber in  shipm ent and 
are sufficient to invalidate plasficit)' m easurem ents made at the 
origin. Rubber m anufacturers did not find the hardness markings us 
ful in the classification of the rubber a t the  factor}', and so these w 
discontinued.



The colour m arking to  indicate the  relative rate o f cure has continued, 
being in the form  o f  a circle. T h e  rate o f cure is determined on
the basis of a standard  m ix and cure. T h e  stress is m easured in kilo- 
srms per square centim etre at an elongation o f 600 per cent. T he higher 

stress, the faster is considered the cure. T h e  rubber from  a given farm 
Of plantation is carefully tested , and m arkings are assigned that may be 
used if a standardized processing system  is followed. T he  m arked rubbers 
ftiter rhe market on the  basis o f  the standard grades, and a prime tenet 
of the backers o f  the  classification is that rubber so m arked should not sell 
at a premium. T h e  m arkings are informational only, and it is hoped that 
thcv can be used to guide the assem bling o f  the rubber into groups with 
uniform processing characteristics.

Consideration has also been given to the advisability of classifying the 
rubber on the basis o f  cleanliness. T h e  Indonesian Rubber Research 
Institute (IN IR O ) proposed three  grades:

I. Super-clean rubber
Content o f  harm ful d irt less than  0-05 per cent.

II. Clean ru b b er
Content o f  harm ful d irt less than  0-15 per cent.

III. General-purpose rubber
M axim um  d irt-con ten t 0-30 per cent.

Note: Harm ful d irt is th a t consisting o f particles which do not pass 
a 325-mesh screen.

Vervloet 8f N oo thou t (1954), on the basis o f the IN IR O  tentative 
standards, studied the d irt-con ten t o f  rubber classified in the following 
R.M.A. {see p. 311) grades;

R SS I ,  2, and 3 
C repe i ,  2, and 3 
Brown crcpe i.x, 2x, and 3X  

The investigation covered t^  ent}' estates o f  seven different companies, 
f îrt was m easured by plasticizing a sample of rubber on  a warm mill 
(about 70°C ) for six m inutes. T h en  10 gm. o f the rubber were dissolved 
in Z)iene and the so lution was filtered tlirough a 325-mesh screen, care­
fully M-ashed out, d ried at 105° to i io"C ., and weighed. Nearly all o f  the 
r îbbcrs studied had less than  0-15 per cent of harmful dirt, and 70 per 

were classified as super-clean. Brown crepe, representing only a 
ffvv- per cent o f the total ru b b er, was the onlv grade with a wide range 

harmful dirt.

^»pfrior Processing Rubber

Superior processing ru b b er, as described by rhe R ubber Research 
*^ îtute o f M alaya is the nam e given to a form  of natural rubber

prepared in accordance w ith  B ritish Patent Application 7770/54, in which



a portion of the raw rubber is vulcanized before coagulation. This material 
can be prepared cither in the form  o f  crepe o r as sheet, and is considered of 
particular value in the m anufacture o f  goods by  extrusion, becausc of it,, 
smootlicr and easier workability.

This rubber is p 'cparcd by vulcanizing fresh ammoniated latex with a 
suspension o f vulcanizing agents m ade up  in  accordance with the following 
forroula:

lb.
S u lp h u r 20-0
Z inc oxide 7 5
Z inc  d iethv ld ith iocarbain iiic  2-0 
M crcaptobcnzth iazo lc  4 0
D isperso l 0-4
W ater 48-1

T o ta l 82-0

This amount o f  suspension is sufficient to trea t latex containing i.ooo 
lb. o f rubber which, w hen diluted w ith u n treated  latex, will give 5,000 
lb. o f Superior Processing R ubber.

Strained latex is amm oniated to 0-3 per cent and a suspension of the 
vulcanizing agents, made according to the above formula, is added in the 
proportion o f 8-2 per cent o f  the weight o f  the rubber in the latex. The 
tem perature of the latex is then  raised to i8 o 'F . by the injection (if live 
steam at a rate to bring the latex to the desired tem perature in one huur. 
T he tem perature is then  m aintained at betNveen i8 o ' and 185''?. for about 
two hours until the reaction is complete. T h e  treated latex is next blended 
with diluted field latex in  a proportion to give five parts of rubber in the 
blend to one part of treated rubber. T h e  blended latex is finally poured imo 
coagulating tanks and processed through to the  bale in the same manner 
as would be done with norm al field latex.

The Rubber Research Institu te  o f M alaya has found that, in a suitable 
plant, the extra cost o f the  partial vulcanization am ounts to 1-35 ccnts 
(Malayan) per pound o f rubber— including am ortizatiun of the extra 
factory costs amounting to §15,000 to $23,000 (iVIalavan). In  1̂ 57̂  
rubber was sold to users at a  prem ium  o f id . S terling (3'5 cents Malayan) 
above the equivalent grades o f crepe or sheet. A t th at time, the dcmnncl lur 
Superior Processing R ubber exceeded the oipacity  for its production.

Skim Rubber

In  the concentration o f latex by centrifuging, the skim ma\ coni-un 
from 2-5 to 10 per cent o f rubber. I t can be coagulated spontaneously in 
open pits or by the use o f sulphuric acid. A com bination of formic aciu 
and calcium chloride is sometimes used. 'I'he coaguhini is prepared in 
form of sheet or crepe and, according to the  R ubber Research In stitu te  oi 
Malaya {ig$']b\  contains between 70 and 85 per cent of rubber, ber«'-'i'
S and 10 per cent of fatty m aterial, and between 9 and iH per cent ol



protein—compared w ith average figures for ribbed smoked sheet o f 
q. per cent of rubber, 3 per cent o f fats, arid 2 per ccnt o f  protein.

'ITie Firestone T ire  and R ubber Com pany has a patented proccss for 
(he production o f  skim  ru b b er that is substantially equal to standard 
smoked sheet. In  this process, the  skira latex is clarified and then allowed
10 coagulate spontaneously. T h e  coagulum  is reduccd to a finely divided 
Slate and treated first w ith lime water and then  w ith caustic soda solution. 
A conventional antioxidant is added and the rubber is washed, dried, and 
nrcssed into bales. D u rin g  the  treatm ent, both the high protein and high 
fat-contents o f the original sk im  ru b b er are reduced, but the rubber has a 
higher-than-normal ash  content.

‘̂ The Dunlop R ubber C om pany, L td ., has a patented process for 
preparing a skim ru b b er by the  use o f a proteolytic enzyme. As desaibed  
byBamweil (1957), an 8 per cent solution of tr>-psin is added to the latex 
in a proportion suited to  the proteolytic activity o f  the particular trypsin 
used, and the m ixture is allowed to stand for twenty-four hours for 
deprotcinization. T h e  am m onia content is reduced to 0 1  per cent by 
stirring and surface aeration, and  the treated skim is run into coagulating 
tanks containing a solution o f  sodium  m eta-bisulphite sufficient to give a 
concentration o f 0-05 per ccnt on  the basis o f the skim. Sufficient diluted 
formic acid is th en  added  gradually, and with constant stirring, to effect 
coagulation. W hen coagulation is complete, the coagulum is cut into strips, 
soaked for four hours, creped  w ith a plentiful supply of water, and dried.

Barnwell furnished the following com parison of rubber prepared by 
the Dunlop process and  R S S i :

Skim  rubber RSS I
per ccn t per cent

M oisture o-^i O'JO
Protein (calculutcd frnni

n itrogen  com cn t) 2 7 5 2-50
.'\cetonc ex tn tct 3 '4« 2'50
.'\sh 0-23 0-20
D in  con tcn t (325-m c.sh screen) o-oi 0-025
R ubber itvdrocarbon gi-13 04-45
Copper 7 p.p.m . 4 p.p.m

The Rubber Research In stitu te  o f M ahua  (1957/^) points out that 100 
of normal skim  ru b b er w ith  -a hydrocarbon content of 75 per cent will 

s equivalent to about 82 lb. o f  D unlop  impr(»ved skim containing 9 i '5  
rubber, or 79 lb. o f  F irestone skim containing 94 per cent of 

jubbcr. It is necessary to take into account this loss in weight in de- 
^rmming w hetherit is profitable to prepare and market the skim rubber 
punned by either process
^  pj^reated skim  ru b b er is useful in some products. A brown sole crepe 
^  cfrom skim and  estate scrap has better properties than one made from 
is r  , ageing characteristics are improved and the sole crepe

Wer. ih e  skim  ru b b ers  are fiist-curing and some discrimination



™ .n be cxcrdsed in the  choice o f  accelerator. H aider, stiffer com. 
rounds are usually obtained w hen skim  ™ bber is used to replace standard 
m d c s  o f rubber in compmmdmg for vtilcanization. Skim rubbers cannot 
be marketed under standard grades but m ust be sold on the basis of 

samples.

Rubkr Povpdm
The use o f rubber in  tlie surfacing o f  roadways has resulted in the 

development of interest in preparing crude rubber in a form to facilitate 
the mixing of the rubber into the heated asphalt used m the surfacing. A 
suitable form  has been found to be a powder, as the rubber can then be 
safeguarded from agglom eration in  coagulation, by treatm ent to remove 
the adhesiveness o f  the rubber particles. A  product that has proved suc­
cessful is known as m ealorub, and is prepared  from  fresh ammoniated 
field latex by heating the latex w ith su lphur, z inc oxide, and an accelerator. 
Van Dalfsen (1940) gives a detailed outline for the production of mealonib.

Modified Rubbers
Considerable effort has been p u t in to  tlte m odification of the rubber 

molecule by the addition o f m onom ers or o ther chemical substances that 
might be expected to unite w ith tlie rubber to alter its molecular structure, 
and impart some o f the special properties in w hich sj-nthetic rubbers have 
proved to be superior to natural rubber. Koolhaas el iiL (1950) reported 
on tests carried out in  Indonesia on die  use o f ethylenic derivatives to 
modify the r u b ie r  in fresh latex. Bacon & F arm er (1938), Compaipion'S; 
Le B r i  (1941), GiWipagnon & Bonnet (1942), L e Bras (19420), Compajnon
& Delalande ( i 9 4 ^ a n d  Le Bras & C om pagnon (1944), have reported on 
various studies on m ^ ify in g  the  natural ru b b er molecule. Natural rubber, 
which is the standard Kor all general-purpose rubbers, may also become 
important in the field ^ s p e c ia l -p u rp o s e  ru b b er as a result of thes? 
experiments. ^



COM PARISON O F  N A TU IL-IL  A N D  S Y N T H E T IC  RUBBERS 

I n t r o d u c t io n

In  the discussion o f the  various types o f natural rubber, we have been
o)ncerned with the same basic material. Variations are found in tlie mean 
size of the molecules and in molecular weight distribution; but any 
particular molecular weight, e ither high or low, is not, except in  a very 
general sense, a characteristic o f any botanical source o f rubber. All 
plants that producc rubber contain high- and low-molecular weight 
rubber, and the proportions o f high- and low-molecular weigKt rubber 
var)’ even in  different parts o f  tlie same plant. Variability in molecular 
weight is characteristic o f  all natural rubbers.

Non-rubber im purities, bo th  those normally associated with the 
rubber in the p lants and  those th at are m ixed with the rubber in obtaining 
it from the plants and preparing  it for m arket, are characteristic o f various 
types of rubber as they  appear on  the market. I t  is possible to differen- 
a^tc between natural rubbers largely on the basis o f the non-rubber 
constituents.

WTien the field o f com parison is widened to include synthetic rubber, 
there is no longer a com m on denom inator o f molecular structure, and the 
only Tvon-rubbcr im purities are antioxidants and similar materials that 

added deliberately in  ver\- small am ounts. We are no longer concerned 
oiily with polyisoprene, no r even onlv with polymers o f closely related 
monoHicrs'Such as butadiene. T h e  rubbers include not only pohm ers of 
individual m onom ers b u t co-pohTners, condensation products, silicones, 
and other chemical en tities witli a great diversit}^ of chemical structure. 
There is, however, a  com m on denom inator for all rubbers, both natural 

synthetic— nam ely elasticity, the qualit)' that differentiates rubber 
fri>m other materials.

To the degree th a t elasticit>' m eans only the ability to re tu rn  to a 
normal shape and size when a deform ing force is removed, rubber shares 

quality with m any other materials. Even gases submit to deformation 
the form o f com pression, b u t retu rn  to their former state w hen the 

W'gmai conditions o f  pressure and tem perature are restored. Metals 
? fxiubit elasticity w hen subjected to forces less than those required 
w permanent deform ation. T h e  tun ing  fork is vocal in its response to 
*̂ ‘̂rmation, reacting forcibly but, in relation to total deform ation, is



slow in assamiiig its former state, lacking the dampening cfTcet of r„l,b„ 
On the other hand rubber, under tension, exhibits vibratory reaction to
deform ation s i m i l a r  to that of the tunm g fork

\\'ood  (1957) states: ‘Rubbers, natural and synthctic, are unique in 
their h kh  cxtcnsibilitv and forcible quick retraction. T hese two properties, 
in suitable quantitative term s, serve as the m odem  definition of rubber 
- in d ep en d en t o f any m ention o f chemical structu re .’ The ability to 
strcich to several le n ^ h s  and then  re tu rn  to the original length quicklv 
and forcibly when the stretching m edium  is relaxed is characteristic of ail 
rubbers, and it is this great elasticity th at diiferentiates rubber from other 
materials that exhibit some dep-ee o f  elasticity.

T he rubbers are not equally elastic, and they  share the characteristic 
o f having their tensile strength and elasticity im proved by vulcani7ati(in. 
The elastic response varies with the type o f rubber and hfiw it is cotn- 
pounded and vulcanized. T h e  elasticity o f  any rubber and of any com­
pound varies with the tem perature, the  o ther conditions under \shich the 
rubber performs, and the rate o f deform ation and recovery,

E lasticit -̂ '

T he measurement o f elasticity in rubbers requires the assessment of 
many characteristics and reactions. O ne’s first thought regarding an 
elastic material is ‘How far « ill it s tre tch  ?’ 'J'hc first measurement of 
elasticity is, therefore, the total ehmgation, in relation to its original 
length, a t the tim e the sample breaks— iollowed by a measurement of the 
force exerted by the sample at the breaking point. 'Fhese measurements 
are kno\TO as total elongation and tensile strength.

There is an unequal relationship o f elongati(m  to the torcc applied to 
the sample. A t first, there is alm ost a straight-line relationship bet\\cen 
the force applied and elongation; but increasing force m ust be applied to 
obtain additional elongation. Finally, the  approxim ately straight-.;r.e 
relationship is resum ed, but the  rate  o f elongation with additional iorcc 
is much reduced. T h is  relationship is characteristic o f all rubbers, but the 
specific relation.ship o f force (or load, as it is m ore comm onh cxprfssedi 
to elongation at different stresses and strains varies with diHercni rubbm 
and different compounds. I ’he total relationship, as expressed visually, li 
known as the stress-strain curve. T h e  force exerted by rubbers at a givi'n 
elongation, say 400 per ccnt, is term ed the m odulus and is tin- ini'Si 
commonly used element of the  stress-strain  curve. It is necessary to state 
the selected elongation and the unit o f  m easurem ent, i.e. iMHintis 
square inch of cross-section, in expre.ssing this measurem ent.

Temtle Strength

The Fortnuk. Before beini; tested, a ru b b er m ust be lui-ced " i'h  
m atem ls and vulcanized, 'i ’he form ula is a recipe sivinB the prop<Tt»®“



mounts of ru b b er and o th er ingredients to be used in  making up the
* ouiid to be tested. S tandardized form ulae m ust be used for routine 
[Its  and for facilitating the com parison of results obtained in different 
la b o ra to r ie s .  However, the  same form ula does not give equally informative 
results with all types o f  natural rubber. Form ulae designed to give opti­
mum cures w ith natural rubbers, do not serve to give comparable results 
«ith sjnthetic rubbers, and  the form ulae m ust be varied for optimum 
Dcrformancc o f different types o f  s jn thetics. Optim um  tensile properties 
can only be obtained by  suiting the form ula to the type of rubber under 
test. Deviations in form ula arc difficult to balance in evaluating tests 
comparing different ru b b ers  and, for th at reason, basic comparisons f)f 
different rubbers m ust be m ade on  the basis of a common formula and 
cure, recognizing th at the  chosen form ula may not be optim um  for one 
or more o f the rubbers. C om parisons of a  particular rubber are made by 
suiting the fonnula  to the type o f performance desired.

Thne und Temperuture of Vukdnizution. T he terms ‘vulcanization’ 
and ‘cure’ are often used alm ost interchangeably to express the final step 
in the transform ation o f  raw rubber into the finished product, though 
actually, vulcanization is the chemical reaa io n , and cure applies to the heat 
and time given to the reacti(m. T h e  optim um  cure is not uniform for all 
rubbers, nor for all m ixes o f the same rubber. In  the compounding and 
manufacture of ru b b er goods, it is necessary' to suit the time and temper­
ature of vulcanization to  the t>'pe o f goods being manufactured and to the 
performance specifications. T h ere  is a large variation in the rate o f cure 
of natural rubbers and an even greater variation among s\Titheiic rubbers.

The Test Piece. A fter vulcanization, the sample is stretched to the 
breaking point in specialized equipm ent that measures the total load 
applied and perm its the  operator to record the total elongation. The test 
piece nuy be in the form  o f a ring  th at can be placed over standard pro­
jections on the stationary and m oving portions of the tester, or it may be 
a dumb-bell shaped piece w ith broadened ends that are gripped in the 
jaws of the machine. A t>-pical dum b-bell test piece is 4^ in. long, with 
broadened ends i in. w ide and the centre portiem ]  in. wide. These test 
pieces are a i t  from  sheets th at have been vulcanized in presses with a 
standard depression o f  0-075 f*’̂  calculating cross-
section for expressing the stress, the actual thickness o f the individual 
test piece is m easured by the use o f  a special micnm ieter that is designed 
to exert uniform  standard  pressure on the sample, for the utmost 
precision of m easurem ent.

Temperature o f  Test. T h e  tem perature  o f the test affects materially 
‘he performance o f  the  rubber. Both tensile strength and elongation are 
cereased as the tem perature  o f  the  test is increased- N ot only is the 

"measured tensile s tren g th  o f  any given rubber dependent on the tem per- 
of the test, b u t no two rubbers act alike, and variation with tem - 

P^'iature is dependent on  the type o f com pound as well as on the type of



rubber. \ 'e r v ln e t  ( 19 53 ). A i c n iM i i  & /.echuizen ( .q , , )
has sh<mn fbat the rcstiiiji o f  natural ru b b er m  the tropics is usually done 
at room tcnipenUurc, and that the results are fairly standardized as h is noi 
diffioih- to maintain a uniform  tem perature ot around 82"!'. in the ircpics 
Normallv, optimum results arc obtained a t tem peratures of 68° to 70T. 
and such a range is maintained in the controlkd-tem perature rooms in 
Europe and the United States. M any o f the  tests, however, are done in 
laboratories not equipped with controlled tem peratures. Bocnstra (194 )̂ 
found it possible to convert to a comm on base the tensile propcnies 
determined at various tem peratures, and he has supplied tables giving 
the variation in tensile strength and elongaticm over a \vide range of 
temperatures for both gum and tread stocks o f  the principal rubbers.

Speed o f  Stretch. T h e  speed o f stretch m ay be expressed either in 
terms of the distance between the jaws o f the tensile machine or in terms 
o f the increase in length o f the specim en. T h e  standard rate of stretching 
in the United States is 20 in. per m inute and refers to the jaw separation 
of die tensile machine. T he R. T . V anderbilt Company (194^) has 
reported that no difference was found in five samples of natural rubber 
when the jaw separation was increased f r tm  20 in. per minute to 40 in, 
per minute. At higher rates of elongation, difTercnces have been found in 
the tensile strength and elongation and, even though for natural rubber an 
increase in rate o f elongation to double that o f  the standard appears to 
make little difference in the results, it is recognized that this change would 
alter the reading with some t\-pes o f  rubber and that, even for natural 
rubber, it is necessary to use only the standard rale o f extension in deter­
mining compliance with specificatiuns.

Modulus

T he tensile strength and total elongation o f  rubber in\ olve nnly some 
of its elastic properties. T h e  stress-strain  relationship Ciivering the eriirc 
period o f stretch gives additional im portan t inf<irmation regarding its 
elastic behaviour. A stress-strain cur\ c can be i>totted for a test specimen 
that will show the force exerted b\- the  rubber at different percentases 
o f elongation or, converselv, the total load needed to stretch rhe rubber to 
an indicated percentage elongation. H ere again the time relatiimship is 
important. I f  the specimen is held at any given percentage elongation, the 
force exerted by the rubber gradually decreases - rapidh ' ar hrsi ami then 
more slowly. I f  the load is held at a given figure, the length nJ the samp'f 
increases in the same m aim er as above— rapidK at first, and then 
and more slowly. T he decrea-se in force due to prolonged hnlding "f 
rubber at a given elongation is called ‘stress relaxation', and rhe 
m  length due to prolonged holding at a given load is called ‘creep’. 
stress relaxation and creep are im portant characteristics of ruiibcr, and t  ̂
amount of each is influenced by thet>-pe o f rubber, the mix, and the cure. 
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Martin et al. (1956) dem onstrated th at tlie time required by rubber for 
complete rccover>' from  a sustained stress is appreciable, and may be as 
much as a week after i t  has been held under a stress o f 4 kg. per square 
cm. for 1,440 hours.

There are many relationships or the stress-stram  curve th at may be 
used adv'antageously to dem onstrate or m easure differences in rubbers 
juid in rubber com pounds. T h e  m ost common term  other than ‘tensile 
strenjtii’ or ‘total elongation’ is ‘m odulus’ which, in rubber testing, 
cneasures the stress in  load per unit o f  cross-section at a given strain 
expressed in percentage elongation. In  the  classification of rubber in 
producing areas in  th e  East, the  m odulus at 600 per cent elongation is 
used. The optim um  stra in  poin t varies with the different rubbers and 
compounds and w th  the use for which the individual compound is 
intended.

Hysteresis

Wood {1957) poin ts out th at when a sample of rubber is stretched at a 
controlled speed and th en  allowed to  retract a t the same rate, the stress at 
any given percentage elongation is less during retraction than it had been 
during the initial s tretching. T h e  specim en exerts less force a t each elonga­
tion on return tiian it did  while being stretched. In  the example given by 
Wood, GR-S ru b b er was stre tched  and allowed to retract at a constant 
speed of about 200 per cent o f  original elongation per m inute. In  a second 
<ycle of stretching and retraction  that was started about tlwee minutes 
after the completion o f the first cycle, the stress data during extension were 
considerably below those for the first cycle but almost coincided with those 
for the first cycle during  retraction.

These reductions in stress during  the individual cycles are e.’cplained 
b\- Wood as due to an irrecoverable loss of energ>’ in the form of heat—in 
exact analogy w ith the  hysteresis losses in magnetic materials. Wood 
states:

The loss shown by GR-S svnthttic rubber is much larger than is obtained 
with natural rubber under the same conditions in the absence of cr\-sta!lization. 
The loss manifests itself in heat, of course, and causes GR-S tires 10 develop 
higher temperatures than natural rubber tires in operation.

Wood con tinues:

The loss shown by G R -I or But>-1 rubber (atmmoniy used in inner tubes) 
«  normally much greater than that shown b\ GR-S synthetic rubber, par­
ticularly if the cycle is traversed rapidlv. Dropi>ed from a height of 6 ft., 
a natural rubber ball is deformed in a period the order nt miilisecnnds 
ana rebounds, giving back about 80 per cent of its original energy; ahmit 20 
P 't J*nt is lost in hysteresis. A But> l rubber ball dropped under the same 
'^nditions gives back about 8 per cent of its oriirinal enertjv; about g2 per 

IS lost in hysteresis.



Reshtance to Ahramn

The ability to yield to deform ation, but to  continue resistance, is an 
essential qualit^- of elasticity, and is also essential to optimum resistance 
to abrasion. T he abilit>' o f a rubber to combine with, and hold, rein­
forcing and abrasive agents, is also an im portan t factor in rcsistancc to 
abrasion. In  abrading wheels in  which ru b b er is used to unite the con­
stituents of the compound, the cem enting or holding ability of the rubber 
is important, but its continued ability to yield makes it superior to nnn- 
yielding cements with higher holding capacity.

Zapp (1956) showed that, w ith 20 per cent slippage, the rate of loss of 
rubber was nearly twice that o f steel, wliile w ith only 8 per cent slip, the 
loss of Steel was three tim es that o f rubber. T h e  rate o f  loss of the stcd at 
8 per cent slip was less tlian a sixth o f th at at 20 per cent slippage. The 
rubber used in this test was a but>'l t>Te com pound, and illustrates the 
high resistance o f that rubber to abrasion under conditions of low slippage 
in normal wear—together with high cb-ag w hen there is high slippage, such 
as would be experienced in braking.

Zapp compared butyl rubbers o f varying degrees o f unsaturatiun and 
of molecular weights ranging from  310,000 to 900,000, and concludcd that 
resistance to abrasion is related both to toughness and to softness, statini;: 
‘In simple terms, what is needed for best resistance is the softest, toughest 
material.’

Resistance to abrasion is m easured in the laboratory by sulijectin^ 
the rubber to various t j^ e s  o f abrasion u nder diHerent pressures, speeds, 
and tem peratures. T h e  abrading devices consist o f  abrading wheels, 
or of discs, wheels, or endless belts covered w ith abrasive coinings. 
T he rubber may be held static, all abrasion resulting from the move­
ment of the abrading device, or the abrading device m ay be static when 
die movement o f the rubber creates the friction. 'Fhe load may be 
constant, or tlie variable contact between tyre and road surface may be 
simulated.

N o laboratory test o f tyre com pounds has been devised that can rake 
the place of tests under actual operating conditions. T he mad tests, 
however, are time-consuming even w ith overloading and underinllati<in. 
T he laborator}- tests do m uch to reduce the num ber o f road tests needed, 
and also have values that cannot be obtained in road tests. Tn the labora­
tory, all conditions of the test can be controlled precisely -  the character 
o f  the abrading surface, the speed o f abrasion, the force of contact, tbc 
amount and character o f the contact between the sample and the abrailini: 
device, the allowable slippage, and the tem perature o f  test. Precise re- 
w rdings can be made of these and other factors for evaluation of' the tests. 
These mea-surements have not been perfected to present an accetcratcJ 
w <^ test, but they arc useful for the basic cumpariscm o f rubbers and 
rubber compounds.



Hiirdness
Hardness in rubber refers specifically to its surface characteristics 

Slid is measured by its resistance to indentation by various t>'pes of rounded 
pyjnts. Several tv-’pcs o f  instrum ents are used to measure hardness, but 
Use have ball-shaped indcntors. T h e  Shore A D urom eter has an indentor 
s h a p e d  like a segm ent o f  a cone. T h e  diameters o f the indentors v a r > ^  

from that o f a hem isphere from  i / 16 to J in .in  diameter, to that of a scpnent 
of a cone 3/64 in. in  d iam eter a t the  base and 1 /3a in. in diameter at the tip. 
The indentor is pressed into the sample either by means o f a dead weight 
or by spring pressure. T h e  d ep th  o f  penetration is the measure of hardness. 
The loading varies w ith the  type o f instrum ent—from 2 to 29 02. in the 
Shore A D urom eter, to  over 3 lb. at total load in some types. T o  avoid 
errors due to the  character o f  the bench on which the sample is resting 
Of to an unsupported edge o f the  sample, it is necessary’ to have the sample 
at least A in. thick and the  test po in t at least I in. from the edge of the 
sample. T he difference in  the indentors and loads in the various instru­
ments makes it necessary to specify the  particular instrum ent in giving 
harmless m easurem ents— fur instance Shore hardness. T he dead-weight 
loading avoids the use o f  springs and is considered more accurate, but the 
spring pressure instrum en ts are m ore portable and are preferred for 
routine tests.

Numerous hardness m eters have been devised and used in the 
attempt to obtain a standardized m easurem ent o f the surface hardness of 
rubber. Some gauges m easure the  depth  of indentation directly and thus 
give an indirect m easurem ent o f the hardness, or resistance to penetration. 
Others reverse the  scd e  in order to provide a direct measurement of 
resistance to penetratiim , the higher num bers on the gauge representing 
low penetration (high resistance to penetration) and the lower numbers 
representing deep penetra tion  (lack o f resistance to penetration). The 
depth of penetration m ay be m easured in thousandths o f an inch or 
hundredths o f a m illim eter. Som e m eters arc provided with special feet 
to equalize the pressure on  the sample o f  rubber. I t  is necessary-, therefore, 
to ^ c i f y  the type o f m eter o r gauge in giving the results o f hardness tests.

Elastic Properties o f  N atural and Synlhcik  Ruhhen

The prim ary com parison o f rubbers is on the basis o f their elastic 
oeliaviour, the character that differentiates the rubbers as a group from 
ojher materials. T o  a large degree, such comparisons arc often artificial, 
siTicc the high elasticity m easured is seldom  a requirem ent of the sen’ice 

vihicJ  ̂ the m aterial is to be subm itted. As J-Icvca rubber is highly 
elastic, other rubbers, bo th  natural and s\-nthciic, have been compared 
'I'h It on the basis o f  elasticity.

commodities have received such generalized designations of 
running from  poor t() excellent, with as little relation to actual



pcrf.irmancc in use, as has rubber. 1 he usage o f rubber covcts such a 
wide range uf producis that it is no t possible to designate a rubber as good 
or poor without some indication o f the use for which it is being classified 
A Tcneral-purpose rubber suitable for ihe m anufacture of tjTes is n„, 
nercssariiv the best for tubing, and an excellent rubber for tubing might 
be quite unsatisfactory for cements. E ven w ithm  the rubbers suitable fw 
cements, there is a  laxge dififercnce in qualities depending on the particiiW 
use of die ccnient.

In  each rubber, the expression o f the various faccts of elasticity can 
be varied from high to low by changes in com pounding and cure. Within 
any eiven class o f sn ithetic  rubbers, clianges can be m ade in the formula­
tion during m anufacture that will a lter the perform ance of the rubber with 
respect to specific performance tests, and the developm ent of'Heveaplus’, 
and o f other branch poh iners o f  natural rubber, opens the way tu the 
production of special-purpose rubbers based on a natural rubber base. 
No synthetic rubber has yet been found to  have tensile properties equal 
to those of ICO per cent clean Hevea ru b b er prepared witli the utmost 
care to exclude all traces o f Simd and dirt. T h e  best grades of commercial 
natural rubber contain traces o f  foreign m atter that reduce their tensile 
strength; but Hn^ea rubber is still p re-em inent among rubbers. New 
s)iithetic polymers such as Ameripol, Coral, N atsyn, or S K I, simulate the 
natural rubber molecule and m ay eventually rival Hevca rubber in tensile 
properties, bu t the need for such high elasticity is extremely limited.

For any specific m odulus within the norm al range of commercial 
requirements, and for resistance to abrasion, h igh  degree of hardness, 
and plasticit}’', it is possible to produce a synthetic rubber that will equal 
or better the performance o f  natural rubber. T h e  superiority of s^Tnhetic 
rubbers is evidenced m ost w hen the elasticit),' m ust be combined with 
other characteristics such as oil-rcsistancc, resistance to oxidation, lack 
o f permeability to gases, and sim ilar requirem ents o f consumer needs. 
N o s>Tirhetic rubber has as great a  range o f  usefulness as natural rubber, 
but, for special uses where a com bination o f elasticity w ith one or more 
special qualities is needed for optim um  perform ance, some of the s\ti- 
thetics are able to combine adequate elasticity witli superior acccssor}- 
performance.

T he hysteresis o f  lu tu ra l rubber is superior ro that of s^thetic 
rubbers tliat have sufficient resistance to abrasion for use in tyres. 
heat that is built up in the rapid flexing o f a t yre, is a p r i m e  cause of failure 
o f the fabric that makes up  the plies which give the tyre its b;isic strcn^w. 
liig h  heats, particularly those built up  in t)Tcs o f  large c r o s s - s e c t i o n ,  

are a significant factor in  the rate o f abrasion o f the tyre under road 
conditions. T he lower hysteresis o f  natural ru b b er gives it a pre-emin'-’f̂^̂  ̂
in the demand for rubber for use in superior-quaiity  tyres, or f o r  u se  m 

t}Tes with a large cross-section, where the g reater am oim t of flexing caiiscs 
a greater degree o f heat build-up.



P l a s t i c i t y

Elaslicit)' has been described as the c o ib ih o t i  denominator of all 
ru b b e rs . Yet, all rubbers m u st also have a plastic state in which they can 
^  manipulated, m ixed w ith  compounding: ingredients, and made into 
useful products. T h e  use o f plasticity m easurements in determining the 
niolecuiar weight o f  natural rubber, and in rhe comparison o f processing 
(j^cteristics o f various t)'pes o f  natural rubber, has been discu^ed. 
P lasticity ' measurem ents facilitate the  comparison o f natural and s>Ti(hetic 
ru b b e rs  with respect to m olecular weights and processing characteristics.

T h e  plasticity o f  ru b b er can be measured by several methods. In  the 
impression mcLhod, the  sample o f  rubber is compressed between two 
parallel plates and the flattening o f  the rubber is measured with regard to 
lemperature, load, and tim e. In  the extrusion method, the amount of 
rubber extruded th rough  a given orifice in  a given time is recorded with 
respcct to tem perature and pressure. In the  shearing-disk method, de­
scribed by M ooney (1934), a sample o f rubber o f  dehnite volume and at 
constant tem perature is sheared betweert the surfaces o f a rotating disk 
and a srationar\’ cham ber surrounding  the disk. T o  prevent slippage, the 
rubber is m aintained u n d e r a confining pressure and the surfaces that 
shear it are roughened. T h e  volume is controlled by the space between 
the walls of the  cham ber and  the  surface o f  the rotor. T he temperature 
is controlled from  heatecl plates above and below the rubber. The resis- 
tmce that the rubber offers to the turn ing  o f the rotor is transmitted to a 
calibrated spring, and  the  deflection o f this spring gives a measure of the 
shearing force. T h is  shearing force is proportional to the intrinsic 
\-iscosity o f the ru b b er and th u s  m ay be used in estimating the molecular 
weight o f natural and s\'n thetic  rubbers, as well as in providing a measure 
ofiheir processing characteristics.

R e S IS IA N C E  t o  O iL S  A N D  C .H E M IC U .S

Many uses o f  ru b b er bring  it into contact with oils and chemicals. 
The abilit)- o f ru b b er to resist the action o f oils and chemicals and still 
twain elasticity and pliabilit)- has been an important factor in its use for 
the manufacture o f  hosing  for the handling o f  corrosive liquids and the 
E m is s io n  o f  fuels, in insulation subjected to oil and gas, in gaskets and 
^uplings in fuel, oil, or chem ical lines, and in similar usage where some 
aegrec of resistance to such  m aterials is necessan'. '!'he use o f rubber for 

purposes did n o t s ta rt w ith  the developm ent o f synthetic materials; 
die utilitj' o f  ru b b er in tliis respect \\ as greatly increased by the in- 

'■̂ ntion and m anufacture o f new sM ithetics with superior resistance to 
“'Is and chemicals.
r invention  o f  these ne^^ synthetics, a rubber with increased

istance to oils tor use in fuel hosing, or in other applications where



resistance to oils is essential, was m ade by combining a large proporti„„ 
of reclaimed rubber in the com pound. N atural rubber swells when it is 
subjected to the action o f  oils or solvents. In  fuel hosing, this may cimse 
complete obstruction and necessitate early rcplaccmcm. The use i,r 
reclaimed rubber greatly increased the life o f rubber articles subjected 
to the action of fuels and oils.

The discovery o f oil-resistant synthetic rubbers, particularly Neo_ 
prene (at first called D uprene) and Thiokol, greatly increased the utifo 
of rubber in fuel lines, gaskets, insulation, and similar uses where the 
rubber is in contact with oil or oil derivatives th at swell or dissolve natural 
rubber.

Swelling is m easured by suspending the sample in the fluid invdlved 
and mcasurin^^ the am ount o f swelling by total volume, or the increase in 
weight of the sample. T he time o f im m ersion, the temperature of the 
fluid, the size and shape o f the specim en, the volume-ratio of the liquid 
to the specimen, and the r\^pe o f fluid, all affect the results of the test. In 
these rests, many tj'pes of synthetic rubber have been iound to be superior 
to natural rubber and these receive preference, irrespective of supply or 
cost.

Perm eability

The permeability o f rubbers to gases is an im portant characteristic, 
Many of the uses o f rubber involve both elasticity and the ability ro 
contain or exclude air, hydrogen, helium , water vapour, or other irases. 
M ost important from  a volume standpoin t has becii the use ot rubber far 
inner tubes in m oior-car tyres. O ther im portan t uses include balloons, 
both large and small, and the packaging o f fresh materials (particularly 
foodstuffs) to prevent drying. Com parisons are m ade on (he basis nf 
permeability, rate of diffusion, and solubility o f  the gas in the rubber. 
Permeability and rate of diffusion are related to the area of rubber 
exposed and to the difteremiul in pressure between the gas <m the nvo 
sides o f the rubber.

Amerongen (1946) compared the perm eabiliu  at 25 C. and 43 
the diffusion, and the solubility, o f lu tu ra l rubber, Huna S, Pcrbunan, 
Neoprene G ,an d  polyisobutylene (Oppanul B-200), to h y d r o g e n ,  nitrogen, 
and oxygen, He found that perm eability and the rate o f dilfusion incrcped 
sharply with tem perature, and are influenced greatly i>> the nature (>f 
gas and of the rubber. In  this test, natural rubber was relatively high m 
permeabilit)' to hydrogen, bu t relatively low in permeability to nitrngcn 
and ox)-gen. All three gases are com paratively soluble in natural rubber.

R esist.^ 'ci: to Oxidation'
Oxidation enters into most o f  the chemical change.*; assi>ciaied with the 

agemg and wear of rubber. Antioxidants m ust be added to 
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the oxidation o f compDunded rubber and to preserve synthetic rubbers 
rior to fabrication. I/evea ru b b er contains a natural antioxidant that 

p re se rv e s  it adequately before fabrication, at least under normal condi- 
lions. This antioxidant can be  extracted with acetone and used to protect 
other t\ pcs o f rubber. In  compounding^ additional antioxidants must be 
used and, under severe conditions, it is difficult to protect nibber goods 
a d e q u a te ly  from  oxidation. Crm ditions that are inimical to rubber and 
[hat encourage oxidation involve Hght-intensity, temperature, and atmos­
pheric conditions— particularly  in areas where there is a high incidence 
of smog, and the resu ltan t build-up  o f  an abnormally high atmospheric 
content of ozone, the m easurem ent o f which is used as an index of the 
severity of the smog.

The choice o f rubbers for use in areas of smog is an important con­
sideration, and it has been found  that the correct selection of the rubber 
is more important than  the selection o f an antioxidant. Gaughan {1956) 
aitributes the resistance, to oxidation by ozone in smog areas, of certain 
types of rubber to the degree o f unsaturation of the rubber. Butyl, 
thioVol, and silicone rubbers are completely saturated and show the highest 
resistance to oxidation. N eoprene is unsaturated but has a chlorine atom 
next to the double bond, and G aughan attributes its relatively high resis­
tance to oxidation to this fact. N atural rubber has a high degree of un­
saturation and a low resistance to oxidation. Butadiene-styrene rubbers 
and butadiene-acrvlonitrilo rubbers derive partial resistance from the 
sanitation o f the co-polym ers th a t are included in the s)Tithesis together 
with the butadiene.

R esistance to E xtremes of TE.MpERvaiiE 

\Mien rubber lirst found comm ercial use, it was fabricated and used 
in the unvulcauized state, and  suffered greatlv from softness and stickiness 
in summer and from  stiffness in winter. After the a rt of vulcani/cation was 
discovered, the resistance o f rubber to the vagaries *)f the weather was 
greatly increased and it could be compounded and vulcanized to meet all 
of the normal needs o f  m an for an elastic material.

Advancing technology and widening uses for rubber have broadened 
|he field in which ru b b er products find application. Part of this usefulness 
■stlue to the new types o f ru b b er that have come into use, and part to the 
^CNeloping needs o f  an  expanding technolog\. Particularly, the use ot 
tubber has increased at tem peratures above and below those at which it 
Jjau previously been found satisfactory. Dem ands were made lor rubbers 

ât Would not stiffen at arctic tem peratures, and that would not solten 
‘n advanced tem peratures in engine rooms where insulati<)n and ekstic 

failed.
 ̂ techniques, new' rubbers, new compounding ingredients, and 

te.st m ethods had to be developed to m eet these new requirements.



The first nccessitv as to dcline the requirem ents and the qualities in the 
rubbers available, well as their dchciencics.

B rink Point
\'ulcanized rubber loses its elasticity and  bccomes brittle when sub. 

jccted to extremclv low tem peratures. T h e  ru b b er can then be shattered 
bv a sharp blow and is no longer useful in tyres or in other applications 
requiring resilience. T he brittle point o f  ru b b er first became important 
when ships, automotive equipm ent, airplanes, and rubber-equipped 
apparatus, had to be operated a t temperalrures far below freezing in the 
polar recrions and at high elevations above the world. T h e  developmem of 
materials tliat will continue to be resilient under arctic extremes of tem­
perature is an important field in the study  o f rubbers and rubber com­
pounds.

At present, the performance o f  natural rubber a t low temperanires, 
down to 62°C. below zero, is superior to th a t o f the  s\'nthetic rubbers. 
Special compounding o f some s\-nthetics serves to im part qualities equal 
to those o f natural rubber at low tem peratures, bu t this performance is 
gained a t the expense o f the qualit)’’ o f  perform ance at higher tempera­
tures. At tem peratures below m inus 65°C., natural riibberand all srathetic 
rubbers, other than certain silicone rubber com pounds, bccnme brittle. 
Silicone rubber can be com pounded to reduce its brittle point to minus 
loo^F. (about 73°C. below zero) and, at the  present time, has the lowest 
brittle point o f any o f the known rubbers.

Resistance to Elevated Temperatures
At the other end of the  allowable tem perature  range, almost the &irac 

relationship exists. As the tem perature is increased, the performance of 
natural rubber is increasingly superior to th at o f s m h c t ic  rubbers. At 
temperatures o f 150° to 25o"'C., however, silicone rubber can be com­
pounded to retain Superior elasticity as m easured by ile.x Hie (indicated 
by its abilit)- to take repeated bends o f 180° over a mandrel before 
breaking) and hardness. T h u s, the versatilit>^ o f natural rubber at both 
elevated and reduced tem peratures is outstanding; but, at exirctne.s ni 
temperature, silicone rubbers can be com pounded to retain useful decree 
o f  plasticity and resilience bev(md the range either of natural rubber or i> 
other synthetic rubbers. T h e  silicone rubbers that are superior w  iiarural 
rubber at extrem esoftem perature have u tility  at less extreme tempcraiures 
only as special-purpose rubbers, and thus lack the versaiility "1 natura 
rubber.

N a t u r a l  i >. S y n t h e t ic  R ubck .rs

It is not possible in a short space to com pare the p e r f o r m a n c e  of 
natural and synthetic rubbers in detail. T h e re  are dozens of iroporta"' 
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ttsis of m entioned, and many o f these reveal
jutswndmg differences betw een natural and sj-nthetie ru bbere and betw een 
jie various t)'p“  " f  synthetics. F o r present purposes, it has seemed best 
,0 sclect a few o f  the m ore im portan t characteristics o f rubber and to 
point out the chief d ifferences betw een the rubbers that are available on 
the market.

It has n«t seem ed desirable to  m ake detafled comparisons between the 
v a r i o u s  types o f  s>Tithetic ru b b er, as most types can be compounded in a 
v a r ie r> ' of ways to give a range o f values, and it would be far be>'ond the 
space available to  m ake such detailed comparisons.

Some years ago, it was stated  th at there w ere u s ^ c s  for which syn- 
ihetic rubbers were to be preferred  and would be chosen without regard 
to cost, and that there w as also a field o f use for which natural rubber was 
essential and could n o t  be replaced by s}'nthetic rubber. This, of course, 
left an intermediate field o f  com petition for which either might be used 
snd in which the choice o f  ru b b er to be used would rest entirely on availa- 
bilit)' and cost, A n early estim ate was th at this relationship ww 25-50-25 
(natiiral-either-smhetic). Im proved technolog>- of production and com- 
poundinji, together w ith the  discover)- and manufacture of new t\  pes of 
syndietics, have latterly  increased the u tility  of synthetic rubbers, the 
irea of free com petition having correspondingly narrowed.

Phelps (1957), after a careful com parison o f the competitive position
i)f natural and s>'nthetic rubbers, sta ted ; ‘From  the point of view of 
preference alone, in p art divorced from  price, there appeared to be a 
consensus in 1952 th a t natural ru b b er would constitute 30 to 35 per cent 
of the total consum ption, th at synthetic rubbers would constitute 25 to 
35 per cent, and th at to r the  rem aining 40 per cent price would be the 
controlling factor.’ Phelps considered it reasonable to assume that de­
velopments in technolog)' would increase the applicabilit>- o f various ij-pes 
<y\ synthetic rubber in  applications for which natural rubber was preferred 
in J952, and noted  th a t m ore recen t data on preference indicated a gain 
tor s)-nthetics.

It would be difficult to determ ine just how m uch of such preference is 
on technical superiority  and innate qualitv, and how much is based 

on unwillingness to  a lter m anufacturing  routine ami use materials that 
'■equue some adjustm ent o f  m achinery and compounds. As has been 

out, there arc some basic differences between natural and syn-
ic rubbers. In  some respects, such as low hvsteresis, low crack- 

^ ^ 'fh , adaptability to  tem pera tu re  tkictuations, and over-all versatility, 
‘S superior. S>-nihetic rubbers m ay be chosen that are 

thai to die natural p roduct in resistance to oxidation and ozonation, 
flacurr U  ̂ perm eable to gases, and th at surpass anv compound of 

rubber in  resistance to  oils and  chemicals.
Pfrfom!'' possible to  sclect a rubber on the basis of its optimum

aiiLC with reg ard  to  a single property. In  his autobiography,



Benjaroin Fraiiklin confessed that he lost ground on  those qualities he iuj 
alreadv attained when he attem pted to atta in  perfection by concentralin, 
on a single good (juality at a time. T h a t is also true o f rubbers of all t ) ^  
The qudities and uses o f  rubber are not unidirectional. Optimum devell 
opnient of cach quality is often at the  expense o f  another. It is commonly 
necessary to compromise with som ething less than  the best in a gi,E„ 
character in order to attain adequate perform ance in another respect.



V U L C A N IZ A T IO N

B a c k g r o u n d

pksliciiy to Elasticity

ELArriciTY is the com m on characteristic pertaining to all rubbers, both 
natural and s\'nthetic. Plasticitv' also is a quality o f all rubbers that is 
necessary to enable them  to be form ed into usable shapes. Vulcanization 
is the chemical process that transform s the plastic (raw) condition into 
the elastic (finished) condition. T hese two conditions, as has been pointed 
out previously, are n o t m utually  exclusive, and there is considerable 
elasticit)' in the raw  state o f  ru b b er and considerable plastic flow in tlie 
finished condition. H ow ever, the plastic condition m ust be o f such char­
acter before vulcanization th at the  rubber can be moulded, extruded, 
or other.vise shaped. A fter vulcanization, the rubber m ust resist 
further change in  shape and  exhibit only a m inimum yield to permanent 
deformation.

Goodyear’s discovery o f  the in teraction o f  rubber and sulphur under 
tlic influence o f heat increased the usefulness o f rubber, particularly with 
regard to its stability  at high and low tem peratures. This chemical and 
physical stabilit>% resulting  from  the reaction o f rubber and sulphur, 
tnade possible the use o f ru b b er for manv purposes for which the raw 
Hihher was unsatisfactor}-, and  was the basis for tremendous expansion 
of its commercial utilization.

Smaniic Origin and Development o f  Vulcanization

Goodyear’s discovery o f  the reaction between rubber and sulphur 
resulted from a m ixture o f  the two being ‘carelessly’ subjected to the 

heat o f  the stove top . F rom  an experimental st:mdpoint, the mixing 
« rubber and su lphur was neither new nor unique with Goodyear; only 

eusc of great heat was new. T h e  effect o f heat was therefore the basic 
isco\er)- made by  G oodyear who iater, a t the suggestion o f a Iriend, called 

^  process vulcanization in reference to the effect o f heat rather than the 
®  j I Alexander Parkes iitund that thin films of rubber
mo M tl^e pl'istic to the clastic state by the use o f sulphur
^nochloride, and th at this change could be accomplished without heat.

 ̂process, therefore, b rough t about the same result as hot \-uk'anization



in that rhe plastidtv' of the  rubber was reduced, elasticity was in­
creased, and the physical characierisrics o f the rubber were stabilized. 
This proccss, \vhich was carried out at room tem perature, became known 
as ‘a jld  vulcani/^fion’, and constituted a recognition that heat was no 
longer an essential o f vulcanization.

The basic connotatiun o f both the term s rubber and vulcanization 
now hinges on broad physical chanicteristics, on physical similarities, and 
on comparable physical changes, rather than on narrow ly restricted material 
identifications, Each represents the grow'th o f  a term  to cover a developing 
concept rather than the expanding o f  language by die adoption of new 
terms to meet the needs o f new concepts. T h e  eraser evolved into anv 
highly elastic material, and heat treatm ent o f rubber in the prcscncc of 
sulphur evolved into treatm ent o f  any ru b b er or rubber-like material to 
make it less plastic, m ore elastic, and m ore stable in its reaction to 
tem perature and solvents.

Early Stiidies o f  the Nature o f  Vulcanization

T he discovery o f cold vulcanization o f  rubber b}' sulpKur mnno- 
chloride was m ade by Parkes in  1846 and no fu rther advancement was 
made in  the theory' o f soilcanization for over h a lf  a century. During that 
time, the use o f sulphur and heat predom inated in the vulcanization of 
rubber, and the  proccss was considered as essentially a reaction between 
rubber and sulphur. M eanwhile, great advances were made in the art of 
compounding and vulcanization, w ithout any appreciable advance in the 
knowledge of the basic nature o f vulcanization.

W eber (1902) m ade a scientific study  o f vulcanization and came tn tlie 
, conclusion that it was a chemical process. T h e  sum m ary ui' his conclusions 
may be translated as follows:

I. The rubber hydrocarbon, ‘polyprene’, combines with sulphur without 
the evolution of sulphuretted hydrogen. 'I'he vulcanization process is dius 
an addition reaction.

The vulcanization process consists in the formation of a cnntinuous 
scries of addition products of sulphur and polyprene. 'I'hc upper limit ut 
thi.s series is represented by the compound and ihc jnuer hrmt
by the^compound This series is charactcri/ed, physically, hy ^
decrease in extensibility' and an increase in tensile strength, as it processes 
from the lower to the higher numbers. Which member of the scries is present 
m predominant amount in any individual case, in other vujrds v̂ hat 
degree of vulcanization has been reached, depends upon the rcmperatiirc and 
duration of the vulcanization as well as upon the amount of sulrhur 
present.

3. Vulcanization, considered as a chemical reaction, is unallecteil 1’.' 
the physicd condition of the rubber colloid, but tliis latter lactnr 
have an influence upon the ph)''sical constants uf the vulcanized ruhoer 
produced.



W rat  is Vulcanization f

Qgfimtion o f  Vukaiiizaiion in 1^22

Early sciemific aUem pts to  determ ine the nature of vulcamzation 
were based entirely upon explaining the reaction o f rubber and sulphur. 
\\ebcr (1902) beheved th at vulcanizaiion involved an addith-e reaction, 
while Ostwald (1910) sum m arized the work on vulcanization and attributed 
rhe interaction to adsorption o f  the sulphur by the rubber. T he use of 
accelerators of vulcanization had become general, and it was recognized 
rhat compounding ingredients other than sulphur aflected not only the 
qualit>' of the finished ru b b er b u t also the character of the vulcani^tion 
reaction. Schidrowitz (1922) summ arized contemporaneous thought on 
[he meaning o f vulcanization when he defined it as ‘A process consisting in 
reaction between ru b b er and sulphur, w'hereby the thermal and physical 
properties o f  the ru b b er are considerably moditied and improved’.

The definition given by Schidrow itz involved two concepts, ( i)  that 
vulcanization is a reaction betw een sulphur and rubber, and (2) that the 
essential effect o f vulcanizati(m  ig an improvement in the physical and 
thermal qualifies o f the  rubber. Concept num ber i has been greatly 
modified by increasing technical advancem ent since then, but there has 
been little change in concept num ber 2 other than in the choice of words 
for its expression.

Definition o f  Vulcanization in 79J5

Dawson & P orritt (1935) gave tlie following definition o f vulcanizatioi»; 
‘Any process which converts raw rubber into a product insoluble in most 
solvents, less sensitive to tem perature changes, and of increased clastic 
and less phistic properties. F or technical purposes vTilcanization is almost 
always carried out (t^) by heating mixtures o f  rubber and sulphur, or 
(/>) by treating ru b b er w ith su lphur chloride.' These authors defined 
notvulcanizaticm as resulting from  heating a m ixture o f rubber and sulphur 
at temperatures ranging from  n o  to i()o 'C ., the proportion of sulphur 
\aning from 2 to 5 per cent for soft rubber goods and the length 
of vulcanization tim e being determ ined by the tem perature and composi­
tion of the mix. Cold vailcanization they defined as resulting from the 
ffwtment o f  raw ru b b er w ith dilute su lphur chloride at normal; or only 

^ntly raised, tem peratures, the process being suitable onK for thin sheets 
^Tthin articles o f  rubber.

1 hese autliors, therefore, projected one step farther the definition of 
''ultamzation as given by Schidrowitz. 'I'o the thermal and physical 
^ n o i o g y  used by Schidro^vitz they added a reference to a decrease in 
iflth solvents, and the\' left the door open for the mclusion,
of Kk concept o f vulcanization, o f  processes o ther than the reaction 
J o b b e r  and su lphur. T h a t  this w as a recognition o f advancing scientific 

^Qge, rather than  the specific inclusion o f processes other than the



reaction o f rubber and sulphur, is evidenced by their restricting the 
finition, for technical purposes, to tlie reaction o f  rubber ami sulphur 
under the influence o f heat or to the reaction o f  rubber and sulphur 
cliloride.

i ’ulcuiik-atioft without Sulphur

Osrromislcnsky (1915, 1915^) possible to vulcanize rubber
withoui the use of sulphur. H e reported that the changes attributed to 
vulcanization could be brought about by a treatm ent o f rubber with certain 
nitro-compounds, organic peroxides, or selenium. According to Davis & 
Blaie {1937), zM- G . Shepard continued the work o f Ostromislenskv and dis­
covered the vulcanizing effcct o f  benzaldehyde and m ercury oxide in i^ig. 
Neither of these chemicals was effective alone.

The work o f Ostromislensky led to a general recognition that the 
changes attributed to vulcanization could be brought about without 
sulphur, just as Parkes had shown th at they could be accomplished with­
out heat. T he  definition o f  \n lcanization  given by Schidrowitz {1 9 3 2 )  still 
based tlie meaning on the interaction o f ru b b er and sulphur. Dawson & 
Porritt (1935), however, recognized that there m ight be other processes 
that would bring about vulcanization b u t stated  that, for all technical pur­
poses, vulcanization consisted in the reactirni o f rubber under heat with 
sulphur or at normal tem peratures with su lphur chloride. I t  is to be noted 
that the work of Ostromislensky and Shepard  preceded both the definition 
given by Schidrowitz in 1922 and th at given by Dawson & Porritt in
1935-

Vukunization without Curing Agents

The development o f synthetic rubbers necessitated intensified con­
sideration of vulcanization. Som e of the  svnthetic rubbers could not be 
vulcanized with sulphur. Some were saturated and had no double bonds to 
explain the addition o f  su lphur or o ther agents o f  vulcanization. As the 
num ber and diversity o f rubbers increased, the difficulty of explainiag 
vulcanization on the basis o f  a com m on reaction increased.

Carothers et a!. (1931) fcnmd th at (i-polychh)roprcne could be vul- 
camzed by heat alone, w ithout need for the addition  of any spocial vul­
canizing agent. Davis & Blake (1937) m ention the use (if ultra-violet 
or cathode rays to vulcanize rubber w ithout the use of heat or special 
vulcanizing agents. T he use o f radiation, since the development of nuclcar 
fissiuj^ has become a m ore and more im portant scientific method of 
mducing vulcanization, and may become comm erciallv useful as sources 
of radiation become available aiid cheap.

Definition ofVukanization in 7957

I t  IS no longer possible to restrict the changes characteristic of vul­
canization to the reaction or interaction o f  any chemical with rubber, m







of the effect tif irradiation w iihout the addition of curing agents 
When he was asked to supply  a m odern definition of vulcanization 
L A. Wood, o f the U nited  S tates National Bureau of Standards, suggested 
[hat such a definition m ight be a ‘ cheTnical reaction in  which the physical 
properties of a ru b b er are  changed in the  direction o f decreased plastic 
jlô v, less surface tackiness, and  increased tensile strength by reacting it 
uWsulphur or other suitable agents’.

T he N ature of V lxcanization 

Knom Factors in Vulcanization

The ‘before’ and ‘afte r’ pictures o f vulcanization are much better 
understood than the  precisc chemical reaction or reactions that bring 
about the change. I t  m ay be o f  some help to summarize the available 
information regarding vulcanization, the conditions under which it 
occurs, and such o ther p ertinen t facts as may be useful in understanding 
the process. W hat, then , are the known facts?

1. Natural ru b b er and m ost synthetic rubbers can be vulcanized with 
sulphur. T his is the oldest and m ost basic concept of vulcanizaciim. 
However, some o f  tlie svTithetic rubbers that otherwise have all the basic 
ciaracteristics o f  rubber, including specifically the abilit\- to be vulcanized, 
cannot be vulcanized w ith su lphur w hich, therefore, does not consdtute 
tiie common factor th at is involved in the vulcanization o f all rubbers.

2. Comparatively h igh  heat is required  to bring about the reaction 
between rubber and  su lphur, and the heat must be continued for a 
ansiderable period o f tim e. H eat and time are also important with curing 
agents other than  su lphur, such  as the peroxides. Heat requirements may 
be reduced by the  addition  o f  accelerators or by increasing the time. The 
use of accelerators increases the  reaction speed, often accomplishing in a 
®atter of m inutes vulcanization rcacticms that formerly had been meas- 
wcd in hours. R ubber, howxver, can be vulcanized in the cold (room tem- 
I«rature) ^  ilie use o f su lp h u r m onochloride as a curing agent. Bccause

the rapidit)' o f  the reaction , th is  m ethod of curing is limited to tliin 
articles; but it shows th at heat and tim e arc relative and not, in themselves, 
«saitial conditions o f  vulcanization, even though they are higlily im- 
P^nant in specific vulcanization reactions.

3 - Vulcanization o f  n atural ru b b er has been explained as an additive 
jj3ction, there being no  evidence o f  the evoluiion of gas and its release

e form of hydrogen sulpliide. N atu ra l rubber, being unsarurated, can 
su lphur a t d ie double bonds; but some o f the srathetic 

^ cni, ^  b u t)i , are  fully sa turated before vulcanization. There 
.therefore, no sim ple chem ical addition or substitution that is common

vulcanization.
M



4 Botli natural and synthetic rubbers can be vulcanized with curioi; 
agents other than sulphur, including agents that do not contain sulpho, 
even in bound form ; so su lphur is not essential m  any form.

5. A neoprene rubber, a-polychloroprene, can be vulcanized by heat 
alone. Vulcanization of natural rubber has been brought about by ultra­
violet and cathode rays. Vulcanization o f  natural rubber, and many 
synthetic rubbers, can be induced by irradiation. I t  is apparent, therefore, 
that vulcanization can be brought about \vithout curing agents and that no 
common characteristic o f curing agents can be a coranKm factor of 
\'ulcanization.

6. There is an optim um  ‘cure’, b u t vulcanization is progressive rather 
than determinate and normally depends o n  heat, tim e, amount of \-ulcani- 
zation agent present, and also on the am ount and character of the non- 
rubber constiuients o f  the com pound. Vulcanization is not, therefore, 
a  specific chemical reaction ch;u*actcrizcd by a finite completion.

7. W hen maximum com bination o f  natural rubber and sulphur takes 
place, ebonite is formed, enough su lphur having been incorporated to 
satisfj^ all the double bonds that existed in the raw  rubber. Yet, the double 
bonds are not all satisfied and the resu lting  ebonite is unsafuratcd. The 
sulphur m ust be added, therefore, at points in  the  rubber molccule other 
than the double bonds or in  polysulphide units.

8. In  addition to the plastic->elastic effcct o f vulcanization, note has 
been m ade o f the decrease, in both solubility and surface tackiness, that is 
characteristic o f vulcanization. I t  has also been noted  that, in the beginning, 
an increase in  m olecular weight can be dctectcd. Increasing insolubilit}’ 
has m ade it difficult to follow this increase in m olecular weight through 
the full range o f vulcanization; b u t it lias been established that the in­
crease in molecular weight is characteristic o f  vulcanization. When rubber 
is broken down on the mill prior to com pounding, its molecular weight is 
greatly reduced. G ain  in molecular weight in  vulcanization has been 
partially explained as a reunion o f  the broken chain units.

T h  Basis fo r  the Theory o f  Cross-linking

In  addition to the end-to-end reunion  o f m olccular units to reconsti­
tu te  the molecules split during breakdow n, it was recognizcd that increase 
in molecular weight m ight also resu lt from  the  cross-linking o f  adjacent 
m olecule  to form  larger molecules during  vulcanization. \Vcber (1902) 
had explained vulcanization as an additive reaction, and suggested that the 
range o f vulcanization products w ould be from  C.ioo^^ioo^ 
saturation) to Q oA eoS go  {total saturation). W hen sauiratcd sN-ntheW 
rubbers were found capable o f  being vulcanizcd by chemical agents, i t" ' 
apparent that the simple addition o f  su lphur was not the e x p la n a t io n  ot 
vulcanization. Vulcanization bv irradiation indicated that vulciniwnon 
did not consist o f chemical reaction with any particular agent or agents.



The physical characteristics im parted  by  vulcanization could be measured 
and evaluated, b u t the  chemical changes were difficult to explain—except 
on the basis o f  union o f  the  m olecules into larger molecules. These changes 
ipptared to be m ore logically explained on the basis o f cross-linking of 
jajacent molecules in to  a  m olecular network, rather than  end-to-end 
uiuou—^’hich m iglit explain vulcanization w ithout curing agents, but not 
that involving the incorporation o f sulphur or some other vulcanizing agent.

Tlic theory o f  cross-linking o f adjacent molecules provided an explana­
tion of the plastic~>elastic change in rubbers o f diverse origin and com­
position, and the cognate im provem ent in tensile strength, resistance to 
solvents, and chemical stabilit>'. T hough  cross-linking has now been 
accepted generally as the  basic change in  \'uIcani2ation, there is not such 
general agreem ent e ither as to how this cross-linking is brought about, 
or precisely what the cross-linking mechanism  is. T h e  curing agent may 
provide a chemical ‘bridge’ to  un ite  adjacent molecules and bring about 
cross-linking; b u t w hen irrad iation  is the vulcanizing force, the bridging 
mechanism m ust be supplied  by the rubber itself, or there m ust be direct 
cross-linking w ithout a bridge.

A concept o f vulcanization m ay be gained by a comparison o f the 
cross-linking o f  a ru b b er w ith a h igh  degree o f unsaturation and a rubber 
that is fully saturated. As natural rubber is the best known of the rubbers 
that are characterized by  unsaturation, and has received a preponderant 
share of research effort, it seem s desirable to use it as the tj'pe o f  similar 
rubbers with unsatu rated  double-bonds. A simple structural arrangement 
found in the saturated ru b b ers  is that o f dim ethyl siliconc rubber. T he chain 
of this rubber is com posed o f alternating silicon and oxygen atoms, and 
there are two m ethyl side-groups attached to each silicon atom. A general 
understanding o f  these tw o types o f rubber may provide a basis for the 
understanding o f  cross-linking in o ther rubbers and, thus, a recognition 
of some of the ways by wluch vulcanization occurs.

Vukanization o f  Silicone Rubben 
The vulcam zation o f  silicone rubbers can be brought about either by 
use of peroxides as described by H arper ct al. ( 1958), or by irradiation 

“ described by Epstein  & M arans ([958). In  both eases, the reaction is 
the adjacent m olecules o f ^ e  siliconc—rather than by the vul- 
agent en tering  into the  ru b b er netwtirk as a bridging unit. 

*'nlcanization with Peroxides. T h e  m olccular structure of dimethyl 
rubber, consisting o f  a lternate silicon and u^cygen atoms \\ith  l^^o 

« y l  groups a ttached to each silicon atom , can be indicated as follows:

C H 3 CFI3 C H ,
i i !

( - 0 - S i - 0 ~ S i -  - O - S i -

I ! I
CH 3 CH3 CH3

D im e th y l silicone



T he vulcanization rale o f dim ethyl silicone can be incmwcd by sub- 
stituiintf a small proportion o f vinyl ^ o u p s  (Cl : CM) for some of the 
methyr(CH3) groups, to form m ethyl vinyl silicone.

llarper et a i  {1958) state th at the  peroxide vulairiizaiiun uf silicone 
rubber proceeds by a free-radical mech.anism. T lie  rcaciion starts with 
decoinposirion of the peroxide, form ing free radicals. These free radicals 
extract hydrogen from the organic side-groups o f  the silicnnc polymer. 
T he activated side-groups then  proceed to combine with each other 
forming cross-linkages.

Harper et al. studied the vulcanization o f  dim ethyl and methyl silicone 
with nine different peroxides, and found that no one vulcanizing agem 
could vulcanize silicone rubbers to  suit all purposes. T hey found that 
benzoyl peroxide, dichlorobenzoyl peroxide, and tertiary butyl perben- 
zoate, all function well with both dim ethyl and m ethyl vinyl polymers. 
The physical properties o f the vulcaoizates arc good w hen correct amounts 
o f the peroxides are used. Dichlorobenzoyl peroxide exhibits the best 
over-all characteristics, bu t care m ust be taken  to avoid scorching.

Ditertiary butyl peroxide has excellent vulcanizing characteristics 
with methyl vinyl polymers, particularly for thick secticms, carbon black­
filled stocks, and when m inim um -com pression set is desired. It is very 
volatile and evaporates quite rapidly from  the compounded stocks.

The optim um  am ount o f  peroxide to use f<ir a desired application is 
fairly critical, tliough there is some latitude in  using dicumyl peroxide 
or ditertiary butyl peroxide. T h e  optim um  am ount depends on the par­
ticular application o f the vulcanizate, as well as on the vulcanizing agent 
involved.

M any factors thus enter into the vulcaniz;iiion o f the silicone rubbers 
by peroxides. T he  quality o f  the viilcaniz;ite depends not only on the 
structural characteristics o f the individual polym er, b u t also on the type 
and am ount o f peroxide present, the tem perature  o f  decomposition of the 
peroxide, and the relative reactivity o f the free radicals resulting from 
this decomposition. T he  vulcanization reaction is affected by the ciiarac- 
teristics o f the compounding ingredients, and the Hnal performance of 
the vulcanizate is affected both by the effect o f  the peroxide in vulcani­
zation and by the character o f the by-products o f  the vulcanization rvaciion.

Vulcanization by Irradiation. Vulcanization o f the siliconcs by per­
oxides requires high heat and long curing-tim e. 'These factors and the 
effects of the by-products can be avoided by bringing about the cross- 
linking by means o f irradiation. Kpstein & M arans {195^} discuss in sohk 
detail the effect of irradiating dim ethyl silicone. Sources ot radiation 
tliat may be used in the treatm ent o f  ru b b er include nuclear r e a c i n r s ,  

particle accelerators, and radioactive isotopes. O f  these, the mickar 
reactors are the m ost difficult to control w ith regard to the tvpe ot radi^w" 
and the total energj^ absorbed by the rubber. In  the nuclear reactor, the 
rubber is exposed to fast and slow neutrons, to electrons (beta particles),



.ml to gamma rays. T h e  m easurem ent o f  the radiant cnera- absorbed 
the control o f  the tem peratu re  are both difficult; moreover the rubber, 
cher with its container, m ay become radioactive. ’

Particle a c ce le ra to rs  give a  c o n s id e rab le  degree o f flexibility  in  trea ting  
rubljer. 'I'hey m ay be adapted to the production of electroiis, protons 
aeuternns, and otlier rays a n d  particlcs.

Radioactive isotopes th a t can be used include cobalt 60 (which emits 
eamnu rays), other isotopes produced in nuclc-ar reactors, and spent fuel 
from nuclear reactors. M o st o f  the work on radiation processing of rubber 
has been done e ither w ith e lectron accelerators or with cobalt 60. The 
electron accelerator is characterized by liigh dose-ratcs and moderate 
penetration, while the  cobalt 60 usually gives low dose-rates and deep 
penetration.

The effect o f  the  rad iation  is to split off hydrogen atoms from rhe 
methyl groups or to  sp lit o ff entire methyl groups, or both. These hydrogen 
and methyl groups im m ediately recom bine to give a m ixture o f hydrogen, 
methane, and ethane. T h e  silicon molecules that have been deprived of 
hydrogen or m ethyl groups, then  unite and thus esrablish cross-linkage at 
die points from  w hich the  hydrogen or m ethyl groups have been split off.
This is a direct cross-linking, and no substance derived from the vulcan­
izing agent and foreign to the original silicone molecule is required to form 
the bridge.

In irradiatum, the  num ber o f cross-links formed is roughlv propor- 
tioiml to the energ}- absorbed from  the radiation source by rhe rubber, t ;  
For lo^^er poljTOers, it has been calculated that 4-5 |ross-lin'ks are formed i
per 1.00 electron volts o f rad ian t energy absorbed^The relationsliip of 
energy to cross-linking has not been determ ined for silicone rubber, but it 
bears a definite relationship  th at makes the control of cri«s-liiiking by ir­
radiation m uch m ore specific than  w itli crt>ss-l inking induced by peroxides.

The structural changes caused bv irradiation, and the recombinatictu to 
give gases and cross-linkage, arc show n below in general accordance with 
the presentation o f  E pstein  8c A larans (1958).

Immediate Effecl ofRudiition
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Formation o f  Gaseous Products

I I  plus H-i-Ha hydrogen.
H  plus CHg-^CIIfl =  methane.

CHg plus CH8->QHfl =  ethane.

Formation o f  Cross-links
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Among the advantages listed by Epstein  & M arans (1958) for the 
radiation curing of dimethyl silicone rubbers, arc (1) the absence of 
by-products, (2) rapid curing, (3) low -teniperaturc curing, (4) gfiod 
control of the extent o f the cure, (5) eliniinarion o f the need h>r chcniicni 
introduction o f vinyl or other groups to aid the cure, and (6) little or no 
effect of non-rubber compounding ingredients.

yulcanization o f  Other Rubbers by Irradiarion

Irradiation has also proved a useful tool for the study o f v u l c a n i z a t i u n  

in other rubbers. W ith all rubbers th at can be cffeciivci\ c r o s s - l i n k e d  by 
irradiation, this is an effective m anner o f bringing about the plastic 
clastic change w ithout the addition o f any chemical to compHt-'-it'  ̂ the
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: tefpretation o f the results. Irrad iation , however, instead of bringing 
about cross-iinking o f  certain  rubbers, has an opposite effect on them, 
csulti”’?  disintegration o f  the  chemical structure.
 ̂ Charlcsby & G roves {1954) studied the cross-linking of natural and 

\-arious synthetic rubbers by irradiation. T h e  treatm ent of the rubber 
was accomplished in  an atom ic pile, where a unit dose of slow neutrons 
plus the associated fast n eu trons and gamma radiation in  the centre of 

pile were equivalent to  a  gam m a dose of about 45 million Roentgen. 
After irradiation, the  am ount o f cross-linking of the rubber was measured 
|)V changes in solubility and  swelling. T h e  authors report that in rubber, 
aiid in other long-chain polym ers, an insoluble gel may be formed after 
an exposure o f about one m illion Roentgen. Changes in viscosity may be 
ohserved in the soluble polym ers after only a few m inutes’ exposure in the 
pile. This initial increase in  viscosity, indicating an increase of molecular 
weight due to the  cross-linking o f  adjacent molecules, is followed by 
more and m ore cross-linking, which results in the formation of a mole­
cular network o f such  high m olecular weight that it becomes an insoluble 
gel. There continues to  be a sol fraction but, with continued irradiation, 
the gel portion tends tow'ard 100 per cent. As in the case of the silicone 
rubbers, the rad iant energy absorbed, rather than the t}'pe of ray, appears 
to govern the  am ount o f  cross-linking that results from irradiation. 
Qiarlesby & Groves (1954) rem ark: ‘Although no definite statement can 
yet be made, existing evidence indicates that the effects produced by high- 
eaerg)'' radiation depend m ainly on the total energy absorbed, and not its 
nature—neutrons, electrons, X -n y s , and gamma rays, or alpha particles.’ 

These authors found th a t while some rubbers were cross-linked, and 
thus made less soluble, by  irradiation, other rubbers were degraded. 
Polyisobutylene, particularly , was degraded by main-chain fracture and 
converted into a viscous liqu id  after only a few units of radiation. Hevea 
and guav-ule natural ru b b ers  were crnss-linked readily by irradiation, as 
was polychloroprene. Polybutadicne wzs found to be slightly cross-linked 
initi^iy, and to be cross-linked further on irradiation. Thiokol was cross- 
linked by irradiation, b u t the  change was difiicult to follow because of the 
Isck of initial solubilit)' o f this rubber,

-Most concepts o f  vulcanization are based on the reaction o f rubber and 
sulphur. T h e  p la s tic ^ e la s tic  transform ation roaches its highest value 
in this vulcanization reaction. Teclmologically, other curing reactions 
are of great value and, for particu lar purposes, those of some of the speci- 
^it)' rubbers m ay be o f  even greater importance chan the rubber-sulphur 
reaction of natural ru b b er. T h e  m ore complex structure of natural rubber 
^ ^ e s  it m ore difficult to dem onstrate a specific vulcanization reaction 

is possible w ith  the  silicone rubbers that have a molecular structure 
* ^ iy se d  o f  a reLatively sim ple repetiti<m o f basic units.

Technologically, natural ru b b er is not a pure chemical. The synthetic 
sobers also contain im purities, hu t these are not comparable with the



complcx mixture o f  non-rubber coTnponenis that have been idcniificj 
in natural rubber. T h e  iinrioxidaiits, m inor ingredients, and resinous 
materials in natural rubber have afTecied the developm ent o f  vulcanization 
and must be accounted fo r in com pounding form ulae. These adjusimcnts 
to meet iJic requirem ents o f  individual sam ples o f  rubber have complicated 
the interpretation o f the basic reaction in vulcanization, and less is known 
regarding the basic reaction o f  natural ru b b er than about that of the 
syntl\eiic rubbers which have received far less attention.

Vukanizalion o f  N atural Rubber by Irradiation

E . B. Newton (19 33)  first announced the successful vulcanization of 
natural rubber by irradiation. H e was issued a patent in 19 33  on the basis 
o f  his claim to vulcanize rubber by sh ort exposure to 250-kV cathode 
rays. Gehm an &  Auerbach (19 56) state:

Polymer science teaches that the essential or general feature o f all vulcanizins 
reactions is that thev bring about a crosslinking or interconnecriun uf the 
long, flexible rubber molecules into a network structure. . , . 'I’he number of 
crosslinks required for good technical vulcanization is relatively small, of 
the order o f one crosslink per hundred monomer units. Too nuiiy crosslinks 
destroy the property o f high elasticity, too few give excessive plastic flow 
and permanent set.

Jackson &  H ale ( 19 55 ), in introducing a report on the \'ulcaniz;iti(in 
o f rubber by irradiation with cobalt 60, stared :

In accordance with most widely accepted theories, vulcanization is prnnarily 
a  cross-linking process. This cross-linking is stated to occur at puints in the 
rubber molecule which are reactive to such known vulcanizing agents and 
accelerators as sulphur, sulphur derivatives, meiallic oxides, amines, etc., 
under the reaction conditions involving heat, time, anmunt ani.1 type of 

agent.

Th ese  authors found that the use o f  gam nia radiation from cobalt 
60 was particularly desirable in the treatm ent o f  ru b b er because:

(1)  H igh-energy gamma rays have great penetrating power and, hcncf, 
the elastomers are vulcanized uniform ly.

(2) T h e utilization o f  cobalt 60 w ith  pro}ier sliie ld ing greatly reduccs 
radiation hazards.

(3) N o  residual radioactivity is im parted to the treated elastiuncr.
(4) A fter initial installation o f  the source, togelbcr with the proper 

shielding, maintenance problem s are lim ited as  ̂ com pared with those 
encountered with X -ra y  equipm ent or particle accelerators,

Jackson &  H ale (19 55) state:

It has been found through this study, that uncured vuicanizable e!a.st(̂ mers 
may be cToss-linkcd in the absence o f vulcanizing agents and wirln'ut the 
use of high curing temperatures. The products obtained closely resemble 
the chemical vulcanizates in many respects, and offer considerable promise



developing elastomers for specialized uses. By subjecting the othemise 
aimi’ounded base polymer to tlie action o f a high-energy gamma radiation 
source, not only can the elastomer be cross-linkcd or vulcanized, but the 
extent o f the change produced can be controlled directly by adjustment o f 
the radiation dosage.

The course o f  the changes in  physical properties induced by irradia­
tion o f natural ru b b er has been studied with respect to changes in solu­
bility, increase in  v iscosity , and im provem ent in performance tests. In 
(Tcncral, the vulcanizates are com parable with similar vukanizates resulting 
from the reaction o f  ru b b er and su lphur under heat. T h e identical nature 
of the chemical \oilcanization w ith that accomplished by irradiation has 
been established, and the b e lie f that both consist in a cross-linking o f the 
inolecules is accepted.

The probability  has been established in the case o f silicone rubber 
that both hydrogen and entire m ethyl groups are split o ff  from the rubber 
by the irradiation. E p ste in  &  M arans (1958) expressed the belief that 
splitting o f  the carbon-silicon  bond (as in  splitting o ff the methyl group) 
predominates over the sp litting  at the carlwn-hydrogen bond (as in 
splitting a hydrogen atom  fro m  a m ethyl group). T hree types o f splitting 
are possible in natural ru b b e r: ( i)  hydrogen from a m eihyl side-group,
(2) hj^drogen from  a carbon atom  in the chain, and (3) a methyl group 
from a carbon atom  in the chain.

Vukanizdiion o f  N a tura l Rubber rvilk Sulphur

It has appeared probab le that, in the vulcanization o f silicone with 
peroxides, the vu lo in ization  reaction is sim ilar to, or identical with, that in 
which vulcanization is  b rought about by irradiation. N o portion o f the 
peroxide m olecule becom es a part o f  the ‘ vulcan’ bridge. Rather, the 
peroxide serves on ly  the sam e purpose as the radiation source— to mduce 
cleavage in the silicon e structure. T h e  silicone molecules become highly 
reactivc at the poin ts o f  cleavage, adjacent molecules become attached at 
Aese points, and a n etw ork structure results.

It is probable that irrad iation  o f  natural rubber results in a  similar 
cleavage, and that the ad jacent m olecules unite in a netM'ork comparable 
with that postulated for silicone rubber. In  the vulcanization o f natural 
rubber with su lphur, h ow ever, a union o f  the sulphur and the rubber takes 
place and the resu ltin g  vulcan bridge is made up o f sulphur atoms. It has 
wen postulated that the accelerators in this case act in a manner similar 
tij that o f peroxides in the v u lc ^ iz a iitm  o f  silicones, and that thermal 
recomposition o f  the accelerator results in highly reactive tree radicals. 
Jacsc radicals in duce cleavage o f  hvdrogen from  the rubber molecules, 

the su lphur form s vu lcan  bridges that unite adjacent m olcculcs o f 
rubber at the reactive poin ts o f  clcavage.

Natural ru b b er also d iffers from  silicone rubber in having a double 
fid for each m onom er unit. I t  is no longer believed that sulphur unites



wiill rubber only at d ie  double bond , nor even  that the union of the 
sulphur at the double bond is tlie m ajor factor in  the cross-linking of the 
individual m oleailcs with their neighbours. T h e  double bonds do exist 
however, and the possibility cannot be d isregarded  that they assume an 
ininortant role in vulcanization.

Gchm an &  Auerbach (19 56 ) h ave presented a hypothetical chemical 
structure for a disulphide cross-linking o f  natural rubber that involves 
u n io n -b o th  at the double bond and at a cleavage point resulting from the 
splitting ofi' o f  a  hydrogen atom  from  a  chain carbon. F o r  comparison, a 
structural arrangement for tm vulcanized natural rubber is given first and 
dicn the hypothetical linking o f  tw o m olecules is shown. It is possible, 
o f  course, by repetition o f  the m onom er units, to project the molecular 
arrangemenl o f the unvulcanizcd natural ru b b er into a sizeable molecule. 
It is not possible to project the h>T>othetical arrangem ent o f the vulcanized 
rubber molecule b y  d irect repetition , as the num ber o f  cross-links is 
relatively small, being estim ated b y  G ch m an  &  A uerbach  as o f the order 
o f  one cross-link per hundred m onom er units. T h e  precise number of 
cross-links and their relative freq uen cy at any level o f  cure have not been 

determined.
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Unvulcanizcd natural rubber
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Hypothetical chemical structure o f vulcanizcd 
natural rubber showing one sulphur cross-link

T h e  hypothetical structure presented b y  G chnian  &  Auerbach sho\« 
not only the addition o f sulphur to fo rm  the bridge in tlic vulcaniwo 
rubber, but also shows the hydrogen sp lit fro m  one m oleculc united to the 
companion moleculc in partial saturation o f  the double bond. On 
assumption o f  i  per cent o f  the m onom er units being cross-lmked 
bisulphide bridges, the sulphur would represent 0-94 per cent o f  the weight 
o f the vulcanized rubber.



B reskr et al. ( 1 9 5 4 )  and  B resie r et al. (1954a), in csimpanion ardclcs, 
reported on experim ents m  w hich radioactive sulphur M-as used to trace 
the fflcchanism o f  vulcan ization . T h e y  studied the vu lcaw ^ tio n  o f rubber 
both with and w ithout an accelerator. T h ese  authors added new concepts 
to the thcor>- o f  the rnechanism  o f  vulcanization and the character o f the 
resulting bridge. T h e ir  studies led them  to the conclusion that the bridge 
formed in the vu lcan ization o f  ru b b er w as a polysulphide containing from 
ten to twent)' su lph u r atom s. In  tracing the diffusion o f free sulphur in 
rubber, they also found  that the bound sulphur retained a high degree o f 
mobility, and that there w as a reversible dissociation and recombination o f 
the sulphur m oleculcs. F re e  sulphur w as found in the form o f the very 
stable Sg.

Any given qu an tity  o f  bound su lphur could be accounted for under the 
polysulphide-bridge theory o f  B resier et al. w ith fewer cross-linkagcs than 
under the b isulph ide-bridge theor>' o f  Gehm an &  Auerbach (1956). In 
both h>'pothescs, the bridge structure would be solely o f sulphur. T h e 
migration o f  the b rid ge  units, according to the hj-pothesis o f  Bresier 
el al., is d ifficult to understand in v iew  o f  the great stabilit\- o f vulcanized 
rubber and the difficulty o f  separating the bound sulphur from the rubber 
in reclaiming.

The Mechanism o f  Vulcanization

The theories g iven  p reviou sly  regarding changes in chemical structure 
of natural rubber durin g  vulcanization have been put forward by their 
proponents m ore as hypotheses than as established chemical changes. 
From a m echanical standpoint, th ey serve to establish a basis for under­
standing how the kn ow n physical changes in the properties o f the rubber 
can result from  changes in the basic m olecular structure o f the rubber.

That cross-linking docs occur, and that this cross-linking is basic to 
the physical changes that have been obsen-ed, is generally accepted. T he 
relative am ounts o f  cleavage and o f  joining at the double bond are less 
dear, as is  the ultim ate size o f  the net^vo^k structure o f  the vulcanized 
rubber m olecule. T h a t  there is an optim um  cure has been established by 
the measurable p h ysica l characteristics o f  the rubber, which improve 

to a certain poin t and thereafter exhibit evidence o f over-cure. Even 
before this point, the resistance o f  the rubber to solvents complicates the 
study o f m olccular w eigh t, and it is difficult to determine whether the 
uecrejujc in phjTjical p roperties after optim um  cure is due to giganticism 
or to m olecular breakdow n.
_ Vulcanization is characteristic o f  all rubber, natural and synthetic, and 
’S beyond question the m ost im portant chemical and physical change that 

place in the production  and utilization o f  rubber. Its plastic-^elastic 
I the p h ysica l changes in tensile strength, surface tackiness,

solubility, and resistance to perm anent deformation, have been well 
wtablished fo r each  o f  the kn ow n rubbers. L ess is known regarding the



changes in chemical stn icn .re, except that there is a general agrecm™, 
that vulcanization is chMacterized by a cross-linking o f  adjaccnt molecules 
— either by direct union under suitable conditions (see p . 340), or 
addition o f a  bridge consisting o f  particles from  the vulcanizing jgcnt

liat^not been the purpose o f  this d iscussion to develop a general 
theory o f vulcanization on the basis o f  an extrem ely limited survey of the 
known facts. I t  has seemed, how ever, that a short comparison o f a rubber 
m th  a relatively simple polym er structure (such as silicone rubber), and a 
rubber with a relatively com plex structure (such as natural rubber)" 
would serve a useful purpose in illustrating to the non-specialist in this 
field the chcmical changes in stracturc that accom pany the plastic^elastic 
change caused by vulcanization.
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I n d u s t r ia l  U s e s  o f  R ubdek

T en sil e  s t r e n g th ,  r o u g h n e s s ,  q u i c k  r e s p o n s e  to  p re s s u re  { b o th  in  y ie ld in g  
iind in  r e c o i l in g ) ,  r e s i l i e n c e ,  p l ia b i l i t ) ',  a n d  s im ila r  a t t r ib u te s  o f  e ia s tic ity , 
are  th e  c h i e f  q u a l i t i e s  f o r  w h ic h  r u b b e r  f in d s  in d u s t r ia l  use .

Rubber also has other characteristics that, alone or in conjunction with 
its elasticity, m ake it jjarticu larly  useful. Resistance to the passage o f 
gases has made ru b b er useful for the m anufacture o f diaphragms for the 
control o f gases, and fo r balloons, air bags, inner rubes, and comparable 
inflated or inflatable articles. T h e  resistance o f  rubber to fuels, acids, 
and other chem icals, has m ade it im portant in the manufacture o f batrer\' 
boxes, flexible hosing, and flexible fittings needed for such hosing. T he 
abilit}' to im part a usab le degree o f  tack has made rubber useful in the 
manufacture o f  pliable cem ents. T h e  film -form ing characteristics o f 
mbber when com pounded chem ically, have been utilized in the manu­
facture o f  packaging m aterials ;md in paints.

The sjTitlietic rub b ers have contributed qualities that natur;il nibbcr 
docs not have, and h ave  thus added versatilit)' to rubber as a whtjle. 
Many purposes that w ere not fu lfilled  by natural rubber, and some that 
were fulfilied less adequately, can now  be handled by synthetics or mi.v- 
tures o f natural ru b b er and svnthetics. T h is  expanded usefulness of rubber 
has been particu larly evidenced in superior resistance to oils and chemicals, 
resistance to oxidation  and ozonation, and resistance to abrasion.

Structural Qimlilies o f Rubber
Rubber serves as an engineering material on the basis o f several o f its 

'^ a c te r is t ic s  in which it is unique am ong the available materials. 
OutBtanding is, o f  course, tlie  degree o f  eiasticity, pliability, resili­
ence, resistance to perm anent deform ation, toughness, and resistance to 
sbrasion.

Tensile Strength. R u b b e r can be com pounded to have a tensile 
s^ength o f  up to 5 ,000 lb. per sq uare in. o f  cross-section, .\auira! rubber 
prepared with the utm ost care to elim inate the possibility nf even a trace 

foreign particles, has been com pounded r<. give a tensile strength o f 
>000 lb. per sq uare in . ; but tlie range up to 5,000 lb. per square in. is the



pntcrical lim it o f  present usefulness o f  rubber. T h is  tensile strength com­
pares with tliat o f  the w eaker m etals. C4xst or draw n lead has a tensile 
strength o f 2,600 to 3 ,300  lb . p er sq u are  in . ; cast or drawTi tin, a tensile 
strength o f  4,000 to 5,000 lb .;  and cast zinc, a strength o f  7,000 to 13,000 
Ib. Wool, tiie we-akest o f  the com m ercial fibres li.sted by Mauersbergcr 
(1Q47), has a tensile strength o f  17 ,0 0 0  to 25,000 lb. per square in.—far 
higher than that o f ru bber; and cotton, listed as 40,000 to 111,0 0 0  lb. 
per square in., has even greater tensile strength.

Elongation. N o  other m aterial has a  degree o f  elongation comparable 
w ith that o f rubber, in \\hich m axim um  elongation under stress may be 
over 1,000 per cent. R ecovery  o f  rubber is relatively quick when the 
stretching force is relaxed. M o st m aterials have some ability to stretch, 
and w ill then resum e their original dimensiems when the stretching force 
Is relaxed— provided the lim it o f  elasticit\' has not been exceeded. How­
ever, in materials other than ru bber, elongation is lim ited to fractional 
increase in length. M auersberger ( 19 4 7 ) g ives the elongation at break of 
wool as up to 60 per cent, while tlie elongation at break o f  viscose rayon 
is up to 40 per cent.

Rubber is entirely unique in its m ultip le  elongatiirn and elastic re­
covery. In  com bination with other usefu l characters, this multiple elonga­
tion and quick recovery constitute tlie value o f  ru b b er in applications in 
which stronger, but less elastic, m aterials are unable to compete.

Toughness. T oughness is a quality in which rubber is outstanding, 
both because o f  its surface resistance to penetration and bccause o f its 
lack o f  rigidity, together with its abilit>^ to resist and recover from de­
formation. R ig id  m aterials o f  great strengtli m ay be abraded by the 
im pact o f  fine particles in w ater or air— that w ould  result in only minor, 
tem porary indentation o f  rubber. M etallu rg ica l advance has resulted in 
tough, durable m etals w ith  great resistance to the im pact o f  tine particles, 
but the required structural strength and rig id ity  o f  the metals often make 
them less durable than the softer rubber.

Resistance to Abrasion. Resistance to abrasicm involves toughness 
but is not identical w ith it. Tou gh n ess is prim arily  a surface phenomenon 
involving the ability o f  a m aterial to resist the penetration ot foreign 
objects. Resistance to abrasion is the ab ility  to resist cm sion by friction 
with a roughened abrasive surface. A s in the case o f  toughness, rubber has 
an advantage over rigid, non-yield ing m aterials in that the subsurface 
structure is able to assist in the resistance to abrasion b y  allnwing the 
surface layer to deform  m om entarily before the eroding force.

Resilience. Resilience perinits rubber to adjust to adjacent structural 
m em bers, to make a tight seal between structural parts, and to maintain 
that seal when the parrs are subjected to stress as a result o f  m o v e m e n t ,  
or when there is an increase or decrease in size due to changes in tempera­
ture. It allows the rubber to accept com pression but 10 adjust its volume 
to balance any loss in  com pression thereafter. I t  is also the quality that



r iib b e r  i n  in d u s t r y  a n d  t r a n s p o r t a t io n

bbcr fo accept and ab sorb  vibranon and shield structural mem- 
om the v ibratioB  o f  m oving m achine parts. Resilience makes it 

hi for ru b b er b u ffets to shield m achine parts or stroetural members 
r * *  movini! ob jccts, a llow ing the rubber to resist the force and absorb 

uv w itliout injurv- to the m achine part or structural member. 
P liJ iB y  P liab ility  is the character that makes it possible to use 

hher hosing fo r d ispen sin g  or transporting fuels and other liquids 
i u t  the neccssitj- o f  p erm anem  installations o f rigid piping. Combined 

I'.hilin’ toughness, resistance to abra,sion, and chemical subility, 
*^itether give ru b b er a  w ide usefulness in  dredging, fuel and oil lines, 
T  aceutical and laborato ry hosing and fittings, water bags, ice bags, 
toys and athletic goods, as w ell as for gloves and other articles o f wearing

“' ’ '’ ^ im p o r t a n t  tise o f  ru b b er that results from  its pliabilitv' is as instila- 
tioii for extension cords. A s  the high resistance to electncal current can be 
combined w itji a h igh degree o f  resistance to oils and cheinicals, the rabber 
iffijilation has b een  found  extrem ely durable under adverse conditions 
md hard usage. R u b b e r can also be com pounded to have a high degree ot 
electrical conductivity. T h is  characteristic makes it p o ss^ le  to utilize 
rubber as an electrical conncction in applications where a high decree oi 
pliability, toughness, and resistance to abrasion are required, as m me 
case o f ground w ires to d ischarge static electricity from m .Aing ''h icles^  

ImpermmhUty. R esistan ce  to the passage o f gases is 
direcllv to elasticitv but, com bined with elasticity, has made ru 
in the m anufacture o f  b a llo o n s -b o th  as toys and for sciemific uses such 
as the determ ination o f  w eather conditions in the upper air. Its ch.e 

value has been in the m anufacture o f  inner tubes for f  “
use on m otor cars and trucks. O th e r  applications include 
suspension system s, the dispensation ot gases under pressure, s ■
diaphragms fo r ihe controlled dispensation ot gases, an
gum  tha"t d e p e n d s  on sm all percentages o fru b b e rfiir  us la

R ubberized fabrics are also used in the ^ “ <1!
air cells. T h e  fabrics im part a h ich cr tensile strcnsrh lan P ' 
robber alone, though extensibilit>- is lim ited to that ot 

Resistance to Chemicals. Resist.m ce to fuels, 01 s. 
chemicals, is another useful quality' o f rubber t iiu is no 1 1 j
to elasticiiy. S im ilar resistance can also be found in 
structural strength and durability. H owever, the com ina  ̂ ^
and other qualities that characterize rubber, makes its ^  ' m  
purposes w here lightness, portabilitv', and convenience are th . eontrolhng 

factors but r ie id it^ 'is  ni>t nccessiiry. .
In  batter^  b oxes and sim ilar applicalious ^  

chemical resistance is combmccl with ligjitnchj.. '-hi p the
structural strength, even th(ni^'h the hard n i b x r  no 

attributes o f  elasticit)'.



Ctassification n fR u U tr  Articles by M ethod o f  Fabrkalimt

Raw  rubber is blended and com pounded in icc o rd in cc  with the re­
quirements o f the article bcinp m anufactured. T h e  shaping „ f  the 
finished article is done while the rubber is still plastic, belore vulcaniatinn, 
and is accomplished b y  various processes, the principal o f which are 
moulding, extruding, dipping, and calendering.

VouU eJ Goods. M oulded goods m ay be cither o f  hard rubber with a 
h ish percentage o f  sulphur, or o f  so ft ru b b er— varyin g  from  pure sheet 
rubber, witli a low percentage o f su lphur and no other ingredients except 
the accelerators, to heel or tjTC ru bber, containing high percentages of 

inert fillers.
Battery boxes, telephones, and m an y types o f  electrical outlets and 

fixtures, are typical o f  hard n ib b cr goods. T h ese  m ay be moulded direct 
in tlie finished form , or m ay be m oulded in separate parts or in fiat sheets 
and fabricated into the finished articles after vulcanization. T he hard 
rubber can be cut, drilled, threaded, and otherw ise manipulated in a 
manner sim ilar to that used for other structural m aterials, and has the 
advantage o f cheapness, durability, and chem ical resistance,

G ears or gear boxes made o f  rubber, in addition to having resistance 
to acids and chem icals, do not spark and have that advantage (net metal 
parts in the construction o f  pum ps fo r the handling o f intlamniable 
liquids, or for machine parts where there is  some danger o f explosion.

Soft rubber articles shaped b y  being vulcanized in moulds include 
almost the entire range o f  m aterials which are apt to be thought of as 
rubber. T h e y  vary  all the w ay from  a flat sheet to a giant tyre C(mtaining 
nearly a ton o f rubber. In  the m anufacture o f  tyres (Plate 58(</)), 
rubber is forced into the m oulds b y  m eans o f  air bags ihat are placed 
inside the prefabricated tyres and in flated w hen the tyres have been 
mounted inside the m oulds. T h is  pressure forces the rubber into ihe 
indentations o f the m ould, so g iving  the characteristic designs. Air 
pressure is also used to force the rubber initi the recesses i)f the nmuids 
used in making toys and hollow balls.

A  great variety o f  rubber articles can be m ade in tlat m oulds in which 
the tight fit o f  the top and bottom  serves to force the rubber inw the 
indentations in the m ould. Su ch  articles include m ountings for machincr\, 
rubber pads and sheets, bottle and sink stoppers, heels and soles, and 
thousands o f com parable articles tliat are needed i\'r industrial <ir personal 
use. F la t articles m ay be form ed b y  the m ould  used in vulcani/aiinn, or 

m ay be cut from  vulcanized sheet b y  spccial dies.
A n  im portant industrial use o f  m oulded ru b b er articles is in the turm 

o f  vibration dampencrs in the m ounting o f  m achincrv. I 'o r this and 
sm iilar purposes, the bonding o f  rubber to the metal parts o f  the machinery 
I m  become an essential feature o f  the industrial application ot rubber. 
T h e  m ost successful and com m on m ethod o f  bonding has invtilvcd



, „  rhc m c td  m r t  w ith  brass, and then bonding tlic rubber to
tlcctwplM' t; jec iu ires the utm ost precision and alm ost one

« r  cent cleanliness both  o f  the m etal before electroplating and 
‘’f f  h r S ;  coating until the ru b b er is  applied. N ew  types o f adhesives 
I! t iMoely replaced the electroplating and result m  easier and better 

the ru b b er to the m etal.
Rubber has b een  em ployed  w herever there is a  necessity for the 
KUoiJtr _ _____ , . , of Viumnf>rc tn ahsorb

S r p r e ^ i u ; ;  ; .  m achine or structural parts. Su ch  use is 

a m p l i f ie d  in the fitting  o f  ru b b er collars to oil-well pipes, to prevent

^“” S « r S : r ^ S l  rubber articles are also m a ^ , by 

forcini; the ru b b er u n d er pressure from  the orifices o f extruding machines 
iP kte^SW ) T h e  shape o f  the extruded rubber can be altCTcd b> vaiy ini, 
the shape o f  the orifice, and the product m ay be m  the form  o f rubb 
strinpin-', rubber tub in g, or insulation on wire. T h e  stripping ma\ have 
almost any conceivable cross-section. T h e  channel strips for the sealing 

f  m or- ar w indo w s illustrate the type o f  rubber stripping produc d b , 
extrudin.. A n other u se  is  fo r sealing the adjacent edges o f  onugi^ted 

metal sheets, w here su ch  sealing from  weather or ^^enucals is 
An im portant use fo r extruded rubber is in the 

wire. In  this application, the w ire is passed through the 
and the rubber is  form ed on  the outside o f the wire core. F o r p P , 
a rubber w ith a high resistance to oils and chemicals is 
such wire is often used as extension cords on garage or ™  ^

floors, where it is  dragged through oil drippings < > 7 “ > I’ ;  '“ “ o h
battery acids or other chem icals. Su ch  extension cords 
out-of-doors and indoors, being exposed, resp eeti\e> , i -
or to excessive am ounts of ..zone where electnc generators arc

For long life and eft'ective serxice, such electric co n  s m  ̂
oils and chem icals h ut also oxidation and ozonation- a r  q 
necessitates the selection o f  the rubber and other ingre t

service contem plated. of oure sum rubber,
Dipped Goads. T h in  articles that are to be made ot p 

or with a m inim um  o f  non-rubber ingredients, j j ; , rubber
forms with an outw ard shape like that o f the i „ .
latex or a  solution o f  rubber to which iu lp h u r ..

gredients have been added. A lter dipping, le i ^y^^-jssive d ip p ii^ * 
liquid, allow ed to drip and p a r t i a l  d rv , The dipped
until a  sufficient thickness ot rubber has bten balloons and
goods are vu lcanized in heated cham bers. j " ’ fina ex­
similar th in  goods can be made in this m aniiir. „ „ t

tensive use in personal, pliarm aeeutical ^  rubber
lend them selves extensiveh ' to industrial '•‘ PI’  'J- ' jip p e d
solution m ay be Sl>rayed im the lorras insttad ot■S, solution n



into ihc liquid. Vulcanization m ay be accom plished b y  the use o f sulphur 
chloride rather rhan b y  adding: vu lcanizing m grcdicnts to the liquid mix.

Cahiii^ring in the Production o f  Rubber Goods. 'Fhe ch ief functii)n of 
the caIendcrs'*(Pkte 59) is to produce rubberized fabric. T h is material 
has extensive use in rubber nianufacturing processes, both in sheet form, 
as tarpaulins fo r the shedding o f  rain  or protection from  weather, and in 
the nianufacture o f  tyres— also in containers for oil, fuel, and water. The 
choice o f  the fabric 'for the particular purpose equals in importance tiie 
choice o f the particular rubber. T h e  characteristics o f the weaving are 
also important, particularly for use in the construction o f  tyres, which 
are constantly subjected to stresses— both those norm al to the direction of 
travel, and cross-stresses and shocks.

N ew  applications o f  calendered fabrics include storage tents that can 
be erccted and maintained b y  a 5-lb . air pressure. T h e  same principle 
has been used to erect ;«id hold structural m em bers o f  ready-built houses, 
the fabric ‘ balloon’ ser\-ing as a tem porary jack to raise and hold a roof 
while the supports are being put in place.

Rubber Age (i957i?) has announced the developm ent by the Gondvcar 
A ircraft Corporation o f  the Inflatoplane (Plate 60), an aeroplane made of 
airmat, consisting o f  two w alls o f  rubberized fabric connected by nylon 
threads. T h is  new ’ plane m ay be stored or carried in a very limited space, 
but can be assem bled and ready fo r  take-<jtf in five minutes. Its air 
pressure is maintained b y  a com pressor attached to the engine, and the 
inflation can be m aintained even though the fab ric  is punctiu'cd by bullets. 
T h e  ’ plane is equipped with a 42 horsc-pow er m otor and has a top speed 
o f  70 miles per hour.

Chemically Altered Rubber. W hile vulcanizatit>n is the most im­
portant chemical reaction that is involved in ru b b er technology, there arc 
other chemical changes that also have proved signihcant industrially. 
Th ese  changes are m ost im portant w ith  natural rubber and involve 
principally the reaction between rubber and the halogens, pariicularly 
chlorine. T h is  is an additive reaction and appears lo im ’olve primarily 
the saturation o f the double bonds, though some substiiuriun (tfh\drogen 
occurs. In  this reaction, there is no sign that any crc>ss-hnking takes 
place, and neither is there any indication o f  a plastic -elastic change.

Rubber hydrochloride can be precipitated in the form  o f  a thin him 
that is somewhat therm oplastic, being sealed b y  heat and thus suitable for 
the packaging o f m any types o f  products, including fiJodstuO's. Rubber 
hydrochloride has also found extensive usage in the fonnulaiion  of painr.s. 
to which it im parts flexib ility and smoothness.

Special Uses

It is not possible in a short space even to luentifm each 01 the apptoxi' 
m atcly 40,000 articles that are m ade o f  rubber. Because o f t h e  ] i r e d o m in a n t  

use o f  rubber in the m anufacture o f  t\Tes, the rubber jndu.strv is



H U B B E K .N .—  ,

in d u s tn ' Y e t  th e re  a re  m an y  im p o rta n t «s«s> ™  
■i^clfto d «  " » f ® ; “ ‘ " S t t a n s p o r t a t i o n  fie ld s  and 

„bbcr.l>otlnn*'=“  J i r e c t ly  re lated  to  th e  m an u factu re  or u se  o f  ty re s , 
^hom e, that are n^t y ^  „ c e n t  o n g m , fo a m  ru b b e r

to m  R o ii" -  to m o st p eop le . I t  is  u sed  e x te n s iv e ly  fo r

a l e  h om e, an d  fo r  u p h o lste ry  m  m o to r c a « .
j ^ o n s  and ^  f  f  „ b b c r  in  m attresses and  u p h o lstery  ,

There is an L  u se fu ln e ss  an d  va lu e . T h e r e  is  e ss gen eral
ijd  a p o p u l" ^  i „  use  o f  f ire -re sis ta n t fo a m s su ch  as p o lyu reth an e ,

£ t r ' : s s

rubber ate B,-//j R u b b e r  po w er-tran sm issio n  b e h s are m ade

b ate  materials b y  end less b elts fo r lon g  d istan ces. R u b b e r  be ts h 
p,o«d particularly u se fu l fo r  th is p u rp o se , and b elts h ave b een  d e s e e d  

mil used for prom pt tran sportau on  o f  h u m an  b ein gs as w ell a.

“ L f c T .  (fe  0,1 In d m lry . I n  sp ite  o f  its  ten d en cy  to s y e l l  un d er the 
in flom a o f oils, ru b b er has fo u n d  a p lace m  th e  o il in dustry to r use  , 

packings and gaskets, because o f  its  e lastic  '  j
influence o f oil, parts m ade o f  natural ru b b e r  sw ell and  m u s P ■
at frequent intervals. F o rm e rly , ru b b e r  p arts th at w ere  to be ™
M s  and oils, were com pounded  « it h  h igh  percen tages o f  reclaim ed  ru b b er 

diat improved their perform ance greatly . S in ce  the in ven tion  ol 
tani synthetic ru b b ers su ch  as neopren e and  rhiokol, it poh.
to replace the natural ru b b er w ith  s>Tithetic ru b b e rs  that hll the 

swlanis having the elastic  co m p ressib ility  n atural ru b b er but 
have greatly increased resistan ce to oil. T h is  also  has m ade it possi  ̂ l <’ 
replace m echanical parts sub jected  ro ab rasive  m aterials that erode nu  a . 

wth parts m ade o f  ru b b er. T h is  is p articu larly  im portant 
industry, where gaskets, co llars, and m an y nther ruhiKT parts, h ,u " 
diminished the tim e lost in the rep lacem ent w orn-i'U t p;'-riv 
lined valves p erform  satisfactorily , in spite  o f  ab rasisc  n iaien .ils .uu! 

tl»at must be controlled . ^
Rubber Hosing. R u b b e r hosing can be desiunu-d tor v l.u ; '- - ' 

portation and dispen sation  o f  petro leum  oily and tuels .nui 
wrrosive liq u ids and gases ; and ru b b er can  be prejnirevl \ 'U ’i 
rigidity for use in valves and other fittings for enipl>>\ m eni >:<
Reirdbrced rubber hosing is used fo r handiin;^ liq iiu K  ;nut :
% H p re& su re,an d n iay a lso b ecn m p o u n d ed to \\n l)'^ i-in d l'" !ii  ̂ -

^ c l heat o f  live steam .



M besrx!.  F rom  a tonnage standpoint, the use o f  rubber in adhtsivcs 
is a minor factor in rubber consumption. F ro m  a technological stamlpoint, 
this is a major use, as it is essential in  the build ing o f  tjTes, where riibbcj 
must be bonded to rubber, and in com parable applications where rubbw 
must be cemcntcd til rubber, metals, pliusrics, nr other materials. Wid, 
increased speeds and continuous operation o f  m otor-cars for long 
in hot desert areas and on turnpikes, p ly  separation is a serious problciii, 
chiefly in the case o f recapped tjTcs but also in original treads. Scparatiim 
o f  rubber bonded to metal is an im portant source o f  failure, particuhrli' 
in the rubber used in engine mounts. T h e  choice o f  rubber for particular 
purposes is a highly technical decision. W ith the wide variety o f rubbers 
available, it is now possible to avoid m ost o f  the separation problems tint 
have arisen.

T h e various rubbers have d ifiering values as adhesives, and the type 
o f  rubber must be chosen with regard  to the conditions under which it is 
to be used. Sa^\Tc^ (19 57 ), in review ing the uses o f  rubber in adhesives, 
stared cliat natural n ibber should be used in am  high ly funcrioninc: part 
such as vibration dampers, engine and instrunient mouiUiugs, and track 
block-pins. St)'renc rubber is useful for rolls, tracks, and diaphragm 
compounds. W henever reasonably good oil and o/'.onc resistances are 
required, Saw yer recom m ended the use N eoprene, belter adhesion 
being obtained with N eoprene G N  and W  com pounds rlian with the 
G R T  or W R T  types. Su ch  applications as shaft seals, electric muciir 
mountings, and solid i^Tes, are typical for N eoprene.

T h e acrylonitrile-butadiene co-polym ers find their biggest use in those 
applications that require extrem ely high <»il-resisiance, the cas\' processing 
polyenes being best suited to adhesive work.

R ubber latex, botJi natural and s\'ntheiic, is also used as a binder in 
the manufacture ofnon-w ovon fabrics. C otton or nylon liiires, or mixtures 
o f  the two, arc pressed to ft)rm a m at. I'ib re  direction nia\ be either 
completely aim less or the fibres m av be orientated td gi\t' somewhat 
greater strength in one direction. T h e  lib res are then bound by safllr;Uln^  ̂
coating, or spraying them M'ith rubber late.x. B oth  natural aiul synthetic 
latices have been foim d useful fo r this purpose. \\ ’elch (n)57} describes 
the manufacture o f  these non-w oven fabrics and stales that popular 
binders for bonding the pressed fibres include synthelic latices such as 
nitrile nibber, stvTcne rubber, polj'v iuyl ch loride, poly\ inyl aceiatc, and 
polyacrylate, as well as natural rubber latex. 1 Ic cites the industrial usajies 
o f non-Moven fabrics as lam inated fabrics, eoaietl fabi-ies. lilter elcths, 
burial-casket linings, cheese-press cloth, pattern-m arking cloth, oii-ficW 
tape, and desiccant bags.

Packaging and Shipment in Ruhbir. 'I'he use i.'f rubber in packagiuti 
o f  foodsmlTs has been niem ioned. It now finds use for large as \'ell ij-'- 
small shipping containers. R u b ber packaging for the transport o! liquitlj 
has been envisioned as an im portant factor in reducing tlic cost "I
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r u b b e r  i n  in d u s t r y  a n d  t r . \n s p o r t a t io n  

jh" jnent and th t return  o f  em pty containers to the point o f sliip-

ffiiifc '’ W VW  (19 5S ) describes a shipping container (Plate 61(a)) dcvcl- 
, .  j),|. G o o d year T i r e  and R u b ber Com pany, and manufactured by 

' J ^ F i J r  W heel D riv e  Auto C om pany, that is essentially an enormous t)TC. 

This tyre is equipped w ith  a hub and axle on which it can be rolled, but is 
s e l f  the container for the liquid . T e n  units can be dra\ra by a single 

‘ tor. Each u nit is 5 ft. h igh, 3 5 ft. wide, and has a capacity o f 500 
allons T h e  axle and tow ing assem bly for each unit has a braking system 
m erited from  the tractor. E ach  unit has attachments for ea.sy fiUing and 
ffliptvins at a  rate o f  50 to too gallons per minute. T h e ten urats require 

maintenance, and the tow ing and braking assemblies need only 
occasional lubrication and inspection. T h e  t\T e bags are said to be resistant 
,0 chemicals and to fu els o f up to forty per cent aromatic contem. They 
a n  be stored outside at tem peratures as low as 8o^l-. below zero, and can 
be operated at tem peratures o f  from  6 5 'F ,  below zero to i^ s 'F .  above

.-l?f ( if)57*) reports the development by the L ^ t e d  States 
Rubber C om pany o f  a ‘ Sealedtank’ container (Plate 6i(/;)) that is 56 m. 
in diameter, 3 5  ft, long, and holds 3,600 gallons ol liquid. The tank weighs
1,040 lb. empr,- and its capacity when filled with moKsses, for e,.amplc. 
is 22 tons. T h e  Sealedtank is m ade o f four plies o f rubber-coated rav on 
tvre fabric m oulded sim ilarly  to that for a tyre. Both ends are s e a l e d  b> 
metal closures. T h e  outer surface is made o f neoprene fur oil and weath 
resistance, and the inner surface can be made o f  any of a varietv o f ̂ lecial 
rubber com pounds that make possible the handling o f almost anv t̂  pe o f 

liquid. T h e  container can be made in anv si7x to ht am 
truck, barite, or ship , f t  is placed empty on the trailer or truck and 

filled through a fitting at the end or top.
the container w hen it is em ptied after shipment. \ en e p . 
tainer lies flat and can be rolled into a compact package for «  > * e
shipper. container the size o f  the o n e  described above uould roll into

a package 25 in. in diam eter and 7 ft. 4 «'■ . ,hrasion
Pipe, anJ M .H L im np . R '- h b - ’ssu p e r io r  resis an o ato ^ ^ ^ ^

has resulted in its use as lining tor metal r'P'^'’Y ' '^ | 'i„ ', , , . , ,c r ia l s  M etal 
subject to the action o f  h ighly abrasive sand and s •
linings req uire frequen t re p la ce m e n t, invoK ing no o „

new lin ing but also' tim e lost in making the ^
rubber the m etal lin ings o f pipes used for dtedgmg 
purposes, has increased the life o f individual
cost o f  replacem ent. T h e  use ot synthetic rubber .is i ■ ,vitb
the life and effectiveness o f the linings that m ust come into contact

i  “ " i n  tum bling m ills, whether ball or pebble the sted
r e p la c e d  a t  f r e q u e n t  in te r ^ . . l s .  R e i- la e in g  ih e  l in in g  w i th  a  lo u g h ,

355



abrasive-resistant lin ing m ade o f  ru b b er has resulted, in  many cases, in a 
materia! reduction in m aintenance costs.

Flooring. T h ere  is an increasing dem and fo r rubber tiles as floor 
covering in  both com mercial and industrial buildings. The tiics arc 
frequently com pounded to have attractive colouring and patterns, whilst 
their resilience and toughness im part a  desirable degree o f resistance to 
wear, being conducive to long life  and low  m aintenance costs.

R u b b e r  i n  T r a n s p o r t a t i o n

The Wheel
O ne o f  the industrial m arvels o f  all tim e w as the invention of the 

vs'heel. Transportation developm ent sin ce that discover)' has largely 
consisted in making use o f  im provem ents in the wheel and in methods of 
generating pow er (human, anim al, m otor) and apply in g  that power to the 
wheel. Increased traction has been obtained b y  transform ing the simple 
round wheel into a revolving track. E ven  in arctic  and antarctic exploration, 
m otorized equipm ent tliat m oves on rolling  parts or moving tracks has 

largely replaced the dog-sled.
T h e  first wheels w ere m erely rounded units hew n out o f single pieces ]

o f  wood. T h e y  represented a trem endous advance in moving heavy i
objects, and persisted in prim itive transportation for m any centuries. An j
early developm ent in the wheel, a s we know  it today, was that made up of j
shaped p a rts~ th e  axle, spokes, and felloes. T h is  wheel was improved by |
the application o f  a  rim  o f  raw  hide and later o f  m etal. T h e  metal rims |
were expanded b y  heat and the cooling after they were placed on the .
wheel made a tight fit. D ry in g  out o f  the w ooden wheel members caused .
the wheel to become loose, req uirin g  that the rim  be made smaller or that \
the wooden parts be enlarged b y  soaking in water. F ro m  long before the ;
R om an chariots revolutionized w arfare and play, until m any years after 
the discover)' o f  the rubber tyre that replaced the metal rim , the rimmed ;
wooden wheel w as a dominant factor in  the m ovem ent o f man and the |
transportation o f  his goods. i

M odem Travel \
Civilized n u n  travels on rubber. O n  foot, he is shod with rubber heels |

and often with rubber soles. On all self-propelled , wheeled vehicles, tyres j
m ade o f rubber transm it the driv ing  force as well as serve as the points t'f |
contact with the road. M an-propelled  m ethods (if locom diinn. such as the 
bicycle and roller skates, have w heels rim m ed w ith  rubber, and it is 
im portant in the operation o f  sh ips and aeroplanes, the latter d c p e n d i n j r o n  

wheels equipped with ru b b er tyres fo r their contact with the ground in 
taking o ff  and landing. Fro m  the tim e that the infant is pushed in the 
baby carriage until the hearse has perform ed its appointed function,



ivjiized man depen ds fo r h is m ovem eiit from place to place on rubber, 
v̂hich has everyw here facilitated  and eased tl\ai movement.

{Lubber serves n ot o n ly  as the contact o f  vehicles with the road but 
jls<> assists in  m aking the operating mechanism o f the vehicle effective 
and adding to the com fort o f  the passengers. R ubber is essential in many 
wav'S to tlie safe  and effective operation o f m oving vehicles, whether man- 
propeiled, se lf-propelled , or draw n, and whether on land, on sea, in the 
air, or on tracks. R u b b e r has even entered into the construction o f the 
floors that m an w alks on and the roads on which he drives.

Ruhkr in Tyres
The m ajor usage fo r  ru b b er is in  the construction o f t\Tes. There has 

been tremendous im pros’em enr in t\Tes since J .  C . Dunlop first construc­
ted the crude pneum atic casing that gave his son advantage over his com­
petitors. T h ese  im provem ents have come about as a result o f intense 
competition in the ru b b er m anufacturing industry and, during the past 
three-quarters o f  a  centur}% have resulted in the establishment o f the 
t\T6 cost, on a m ileage basis, at a point bckm that o f any other major 
factor o f autom otive cost. T h is  has resulted from  continual improvement 
in tyre-building techn iques and from  comparable improvement in the 
quality o f  the ct)m ponents o f  the tyre.

M any in dividuals can rem em ber their first feeling o f pride in a t\Te 
diat ran for m ore than 10 ,000  m iles, probably after numerous repairs 
before it was replaced . N o w  a tyre  that has been on the road for the ^ m e  
distance under reason ab ly  good conditions is only slightly worn, and may 
triple that m ileage w ith  no occasion for repairs. ^ et, this greatly improved 
tyre costs on ly  a little m ore than did the 10,000-m ile t \ T e  at a time when 

commodity costs w ere far below  their present levels.
Tyre Cosls. T j 'r e  costs h ave been kept do\^n b y  increased factory 

efficiency. A utom ation has been called upon to aid in the transportation 
of materials, tyre com ponents, and uncured tyrc-s within the factory. 
Automation has also com e to the vulcanization o f the t>Te, so that the 
uncured t\T e a  can be f e d  to the presses, mounted, inflated, \Tilcanized, 
w drelK ised  from  the press w ithout the need o f human touch. I  he build­
ing o f a tyre, how ever, is still a hum an effort, requiring the services o f 
highly skilled tyre b u ild ers (Plate 62} whose wages ha\e been greatly 
increased over the years— an increase that is more than counterbalanced 
hy increased efficien cy o f  t\Te production aitd the quality o f the product 
(Plate 63). T y r e  m ileage can be purchased in i q 6 i  lor a fraction o f its 
cost in 19 2 0 ; and the 19 6 1 purchase includes increased comfort and care­

free operation.
Tread Designs. D etailed  research has resulted in radical revisions in 

the tread designs o f  t jT e s . In  the beginning o f  large-scale manufacture 0 
^Tes, tread designs w ere  chosen prim arilv to represent a trade-mark o t e 

■:>. nianufacmrcr. T h e  designs were calculated to give good traction; but there



waii little similarity in the designs chosen b y  the differeni manufacturers 
Under the guidance o f  research an  the eficctivencss o f various designs 
y^hh rc '^rd  to traction, braking, and skidding, tjTc designs have tended 
to become standardized. N ew  treads have been developed that arc far 
superior in wear, power transm ission, low slippage (non-skid), and good 
friction in braking on bod i w et and d ry  pavem ents and other surfaces. 
Spccial treads with a  m uch greater variety  and deptli o f design have been 
developed for use in m ud and deep snow.

SiiJetj fdclors in Tyre Design. Safety' tyres have been developed that 
provide a high degree o f  protection from  blow outs, induding some in 
which the organic fabric in the plies has been replaced b y  steel cords 
(Plate 64(A)). Som e o f the safety tyres re ly  on extra airproof linings, and 
some on a soft inner lin ing that seals o ff  sm all leaks caused by the pene­
tration o f  nails and other sharp objects. M o st new  cars in die United States 
are now equipped with m beless tyres that arc m ounted directly on the 
rim. Increased safety', dependability, and long wear o f  all grades of com­
mercial tyres, have led to the o ptim isd c b e lie f that tyres may soon be 
designed to outlast the m otor-car on w hich  th ey arc placed as original 
equipment. A  slightly less com prehensive aim  w as expressed by Hum­
phreys (1957), who gave as a principal objective o f  tyre research the 
development o f a t }T c  o f  such safety and efficien cy at motor-way speeds 
that there would no longer be a need fo r spare t>-res on  either old or new

The Importance o f  Tyres in Rubber Usage.

In  1956, tjTes, inner tubes, t> T e -re p a ir  m a te r ia ls , and accessories, 

acccmnted for 62-45 per cent o f  all ru b b er consum ed in  the I  nitcd States, 
67-56 per cent o f  that consum ed in C anada, 59-47 per ceiit o f  French 
consumption, and 54-29 per cent o f  all ru b b er used in the United King­
dom. Th ese  tyres were for m otor-cars, trucks, tra c to r s , m otor-cyclcs, 

bicycles, commercial vehicles, horse-draw n vehic les, and miscelliuicoiis 

sm all pieces o f  equipm ent. In  the U n ited  States, 59-42 per cent o f all 

rubber used in  tyres was synthetic. T h e  p e r c e n ta g e  o f  synthetic rubber 
in tyres made in Canada in  19 56  w as 55-8. In  F rance and the Uiiited 
K ingdom , more natural rubber than syn d ietic  rubber (81-4 and 72'H per 
cent, respectively) w ^  used in m aking tyres.

A n im portant outlet fo r ru b b er for tyre use is the mainilacture 
re-treading com pound com m only know n as C am elback. Rc-treadin? » 
tyres has increased greatly as the quality o f  d ie  fabric and carcass ot in'-' 
tyre, and the efficiency o f  the re-treading operation, have all been mi* 
proved. T y re s  m ay even be re-treaded m(»re than once, and their li '■ 
doubled or tripled at far less cost than replacem ent. ' I ' h e  d e v e l o p m e n t  0 
im proved adhesives has m inim ized tread separation , and rigid in s p o c tw n  

can avoid the recapping o f  defective tyres.



\j,0.iyre o f  Rubber in Transportation

;̂ymoRt the entire ran ge o f  rubber products finds use somewhere in the 
ftetd o f transportation equipm ent. T h e  modern ocean liner, with complete 
accommodation fo r thousands o f  people in addition to the operating 
crew, has need fo r  a ll o f  the ru b b er articles required to maintain a small 
[own—together w ith those used in the extra facilities required for move­
ment. Wiiile the aeroplane does not have need for so large an assortment 
of rubber articles and parts, it requires specialized equipment— de-icers, 
effecti ’̂c sealants fo r the openings so that the cabins may be pressurized, 
and rubbers that w ill w ithstand high-altitude changes in temperature and 
still retain resilience.

Automotive equipm ent needed for transportation in arctic regions, or 
at high altitudes w h ere  extrem ely low temperatures arc reached, requires 
special rubbers that w ill retain sufficient rubbery qualities at the temper­
atures encountered to do the Job for which they are designed. Articles 
that find use at both arctic  and tropical temperatures must have rubber 
parts that have an extrem e range o f  usefulness.

R ubber is also essential in  parts o f  the automobile other than the 
t)Tes. T h e m ore im portant o f  these uses include the rubber in fuel lines, 
in braking system s (both in the pressure hosing and as gaskets in the 
master c jiin d er), in  brakes, and as shock absorbers, spring covers, engine 
mountings, fan belts, grom m ets, gaskets, bumpers, electrical insulation, 
stripping fo r scalin g  w ind-sh ields, windows, trunks, and ventilating 
shutters, floor m ats, pedal covers, and foam rubber upholster)'. Hard 
rubber finds an im portant function in the con-struction o f batter)- boxes.

These articles req uire a  wide assortment o f rubbers and rubber 
compounds. Som e req uire  h igh  resistance to fuel and oil, while others 
require a high degree o f  resilience and ability ro function for long periods 
without loss o f  abilir\' to absorb vibration, .Much o f the failure o f rubber 
on ageing is a  resu lt o f  oxidation. R ubber compounds must have a high 
degree o f  resistance to oxidation for adequate performance and long life. 
Many o f the ru b b er com ponents o fa  m otor-car arc not replaced during its 
lifetime.

Rubber in Roads
Interest in using ru b b er as a paving material has existed for more than 

ahundrcd years. T h e  B rit ish  Rubber^D cselopm ent Board (1050) quotes 
a patent issued in 1844  fo r the use o f a  bitum en-rubber m ixmre for roads: 
Spectacular resu lts w ere also reported for small sectiims ot n>ad\\a\ that 
'^ere laid w ith  ru b b er blocks. T h e  cost o f  s o l i d  rubber pavement has 
always been too h igh  to encourage the belief that it would be feasible to 
”>ake extensive use o f  ru b b er blocks in paving,

interest in the use o f  ru b b er in conjuncii.ui with asphalt in the laying 
asphalt roads has persisted, and extensive experim ental pavmgs ha\e



been l»id in F.mupc. Am erica, and tlic F a r  L ast. S „m c  o f  the tests have 
,  .led as faihircs, aiul m any have not been under obsen,-ation for a suffi­
cient lirac tn obtain sicnificant inform ation. In  other eases, the ruhhcrizcd 
rnad has outlasted control sections laid w ithout rubber, and has demon­
strated conclusively that, under suitable conditions, the rubber will add 
matcriallv to the life  o f  the road surfacing. A s a  m axim um  o f a j  per ccm 
o f ru b tar is added to the asphalt-aggregate m ix, tlie  cost o f  the rubber is 
much less than when rubber blocks were used. H ow ever, the cost of the 
rubber even in such circum stances is a  significant factor in road costing. 
Should it be demonstrated tliat tlie va lu e  o f  the rubber addition to the 
asphalt coaling is com mensurate w ith the cost o f  the rubber and the added 
cost o f mixing llie rubber and asphalt, th is could  be a significant new out­

look for a u d e  rubber.
\ ’arious methods o f com bining the ru b b er w ith  th f  asphalt have been 

tested with some success. T h e  ru b b er has been added both in the form of a 
powder (such as M ealorub, the preparation o f  which has been described 
earlier) and in the form  o f  latex. T h e  preparation o f  the rubber-asphalt 
mix has been accom plished both b y  adding the rubber to the aggregate 
before the addition o f  the asphalt, and b y  com binin g the rubber directly 
ivitli the asphalt. In  the latter case, the ru bber-asph alt mixture may be 
added to the aggregate or used o n ly  as a surface topping, being confined to 
the top millimetre o f  the road surface.

T h e rubber-asphalt m ixture is prepared and applied  hot. Some o f the 
rubber goes into solution in the asphalt, b u t a portionrem ains undissolved. 
I t  has been postulated b y  some that the effect o f  the extrem ely thin layer 
o f rubber-asphalt m ixture, applied as a  i-m m . surfacing, provides an 
efii^ctive seal for the road surface w h ich  then not only resists die pene­
tration o f w'ater but also gives a  tough, ru b b ery  resistance to wear. Others 
believe the im portant factor to be tliat the ru b b er sw ells under the in­
fluence o f  the asphalt, and that this sw elling action results in the fixing of 
the lighter fractions o f  the asphalt w h ich  usu ally  tend to vaporize. The 

rubber retains these fractions in the road surface.
In  addition to its use in  asphalt roads, ru b b er can also serve an im­

portant purpose as expansion joints in concrete roads. R iib k r  (1950) 
recently announced a new  expansion joint (Plate f'4(/')) developed by 1 he 
B . F . G oodrich Com pany and m ade u p  o f  ru b b er bonded to metal. The 
metal is designed to take the vertical load, w hile the rubber absorbs 

horizontal expansion o f  as m uch as 3 in.



r u b b e r  i n  t h e  h o m e  a n d  o n  t h e  f a r m

R u b b e r  i n  t h e  H o m e

M any uses o f  ru b b er are m ade daily around the home without any thought 
of how im portant th is com m odit)' has become in our normal living. N o 
one o f the household  usages constitutes a major oudet; yet altogether they 
require a considerable am ount o f  rubber. T h ere  are few activities involved 
in d^e operation o f  a m odern hom e that do not depend to some extent on 
die use o f  rubber. E lectrica l fixtures and appliances, plumbing fixtures 
and appliances, cleaning equipm ent, and children’s amusements, each 
require the use o f  dozens o f  rubber articles. In  many uses, the choice o f 
rubber or other m aterial is  determ ined entirely on the basis o f  cost. In  
some cases, ru b b er contributes to operating com fort; and in other uses, par­
ticularly i f  non-conductivir>" o f  electricit}' is necessar}', rubber is essential.

Personal use o f  ru b b er is its oldest application. Outside o f  the crude 
tottles that m ade up the m ain bu lk o f im ported raw rubber for so many 
y w s , the n ext im portant fo rm  was as crude overshoes. Rubber raincoats 
were an early contribution  o f  E n glish  technologists. A t the ttim o f the 
centur\', the m anufacture o f  boots and shoes represented the major use 
of rubber. W hile the use o f  rubber in motor-cars, and particularly in 
t\Tes, has now far out-distanced all other applications, the manufacture o f 
rubber articles fo r personal and hom e consumption requires far more 

rubber than w as used  fo r all purposes in 1900.

Eleclrical Appliances and Tubing
M any electrical appliances, in cluding floor and tabic lamps, require 

the use o f  extension cords that m ust be tlexiblc and reliable. Rubber is 
iniportsmt in the insulation  o f  these cords. T h e rubber insulation on 
appliances tltat depend on resistance w ires and heat for their use must be 
resistant to elevated tem peratures. H ard  rubber fixtures are used m  the 
(Outlet boxes fo r p lu gg in g  in  the e.xtension cords. T h e  terminal connectors 
of the cords m ay be either o f  hard  rubber or o f durable soft rubber with 
somewhat greater resistance to m echiuiical damage. Soft rubber grommets 
protect the extension  cord  where it enters the appliance and wherever 
^ectric cord m u st be insulated in penetrating a metal iiousing. Hcat- 
' 5  pads and electric  b lankets m ust be protected by the use o f  rubber
insulation.



R u b b e r  hosing f i i iJs  m any uses in ctm n cction w ith  ckctrica l appliances 
a n J must lie both hoat-rcsiscm t and strong enough strucm rally to with! 
stand hue pressures in being used to fill w ashm g m achmcs, dishwashers 
ci'c as well as in non-appliancc use in  garden  and law n irrigation. Othir 
hosing must withstand the suction o f  vacuum  cleaners. So ft rubber hosing 
finds use for spraving dishes and for show er connections in the bath and, 
for these purposes, niusi have a reasonable degree o f  resistance to pressure. 
On the other hand, the so ft rubber tubing used for fountain syringes must 
withstand mild pharm aceutical solutions and m ust be free from any 

material that m ight act as an allergen.
T h e  niclis in dishw ashers that hold the dishes and kitchenware arc 

made o f wire covered with rubber to protect delicate tableware. The 
rubber must have a high degree o f  resistance to heat as well as to the 
action o f  soaps, detergents, and bleaches used in cleaning.

N m -d ec trka l Appliances
N on-electrical appliances and fixtures include p ails ; garbage and trash 

cans; Hexiblc baskets; tubs; cups, d ishes, and other articles for picnic, 
patio, or similar use; and rubber gaskets o f  m any t>'pes. Rubber may be 
combined with metal in the form  o f  a  resilien t surfacing for use in dish 
drainers, or m ay be cotnpounded w ith plastics to unite the best qualities 
o f both. I t  has been demonstrated that fixtures o f  considerable strength, 
durability, and resistance to rust and w ear, can be made o f rubber-plastic 
mixtures. Plum bing fixtures w ith a sufficient range ot resistance to tem­
perature changcs, good structural strength, and a high degree ot resistance 
to rust and corrosion, have been m ade o f  such m ixes. L ightness, ease of 
installation, and relative cheapness, indicate that such fixtures may compete 
with metals in perm anent plum bing installations.

R ubber casters are im portant accessories o f  tea w agons and similar 
pieces o f household equipm ent that m ust be rolled over polished Hours (it 
floor coverings. T h ese  casters arc safe to use without thought ol possible 
scarring o f the floor. T h e y  m ay be made cither o f  hard  rubber or ol heavily 
loaded soft rubber which preserves some so ftness and flexibility and, thus, 

gives even greater protection to polished floors.

Fhor-coverhigs
T h e  use o f  rubber tiling in  floor surfacing  in the hom e has iiiereascJ 

greatly. R ubber tiling is durable, can  be polished like other floor s u rC ie m c b , 

and can also be com pounded to have self-polish ing  qualities in i ® '  
Rubber tiling is easy to clean, is h igh ly resistant to cleaning agents, and is 
produced in m any attractive colours and patterns.

R ubber backing for rugs gives a h igh  degree o f  resistance to slip]Mii;i" 
an im portant factor in throw -rugs for use on  polished floors. I he rubber 
backing is usually applied in the m anufacture o f  the rugs, but the ru b b e r  is 
also put up in solutions or em ulsions for hom e application. Sheet- an 
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ru g  pads also have found extensive use. Foara-nibbcr not 
j , .  eivcs resistance to slipp in g but also imparts a softness and depth tn 

1  rug that adds greatly to com fort.
Stair treads arc an im portant application o f rubber in the home. These 

treads not only protect against accidents in  going up and down stairs, 
(nit may be used to im p art a  decorative touch. T h ey are more durable 
Ihm carpeting and can  be cleaned m ore easily.

Drug Sundries
Rubber’s resistance to flu ids and gases, and its abilir>  ̂ ro withstand 

washinii and sterilization , m ake it useful in connection with the sick-room 
anJ for sim ilar purposes fo r  the com fort o f the individual. It has been 
possible to in clude, in  the ru b b er com pound, protectants against odour- 
causing bacteria, m oulds, and m ildew , thus attaining even grearer pro­
tection. Th ese  protectants, according to Sadev (1957), have been 
incorporated into all im portant types o f  rubber, including both latex and 
foam rubber and articles m ade by such different processes as calendering, 
moulding, foam ing, d ipp ing, and coating. It has been used in the manu­
facture o f p illow s, bath ing caps, footw ear, baby pants, hospital sheeting, 
crib sheets, heating pads, gloves, aprons, and coated ironing-board covers. 
Some eighteen ru b b e r com panies were reported b y  Sadev to be testing 
the use o f protectants fo r other articles such as combs, toothbrushes, dolls, 
girdles, toys, balloons, and m attresses.

The use o f  ru b b er in personal hygiene has been an important applica­
tion for m any years. H ot-w ater bottles, ice caps, bathing caps, atomizers, 
rubber hose, ru b b er sheeting, catheters, and iiard rubber fittings for 
douches and enem as, are fam iliar to the general public and represent 
important usages o f  rubber. T h e  com mon requirement o f tl\ese articles 
is that absolute sterilization be possible, and that the rubber article be 
resistant to the chem icals used in  sterilization ;is well as ti' steam and hot 

water.
Softness and p liab ility  are essential in rubber articles that come into 

close contact w ith  the body. vSuch articles m ust not contain any chemical 
or com pounding in gredien t that would be irritating to the skm or to 
■memal tissues. N atu ra l ru b b er has been preferred for such uses, mcludtng 
applications o f  ru b b er fo r bod ily support, comfort, or fashion.

Il'amig Apparel

Because o f  its resistance to the passage o f air and miusturc rabber is 
“ ot favoured in general as a m aterial for articles ol clothing. However, it 

find some use in sw eat sh irts and sim ilar garments to m diice pcrspira- 
and loss o f  w eight. Its  resistance to water has been applied m rain- 

“ ats, overshoes. boM s, gloves, apron s, baby pants, and similar protective

Barraents.



Rubber has also been prepared in the form  o f  thread and combined 
with other fibres in the m anufacture o f  clastic garm ents. Only a s m U

portion o f  rubber threads need to be used to give the desired clas- 
ticit)- Several processes have been used in  the m anufecture o f the rubber 
diread T h e original process in volved preparing the rubber in thin sheels 
which were then cut b v  suitable m eans into thread. T h is  was blow n as 
cut thread and had a square cross-section. L ater, thread was made by 
extruding latex or a solution o f  rubber into a coagulating medium, and 
this is the process tliat is in general use today. T h e  coagulant is adjusted 
to the latex or solution so as to give approxim ately instantaneous coagula­
tion. T h e thread is dried and vulcanized, and is tlicn  combined with the 
other fibres on  the weaving m ill. T h e  vulcanization ingredients can be 
added either before extrusion or in  suitable baths after extrusion and 

co^ulaiion .
T h e size o f the rubber thread can. be altered b y  the size o f  the orificc 

o f  the extruder, the pressure o f  the latex or solution, the t}-pe o f  coagulant, 
and the relationship between the level o f  the orifice, which is immersed in 
the coagulant, and the surface o f  the c o a ^ la n t .

Fabrics containing rubber thread are used  in clothing, particularly in 
the manufacture o f  supporters, elastic garters, and supporting garments 
such as girdles. In  this usage, the elastic strength o f  rubber is 
utilized to give support, and at the sam e tim e to allow free move­
ment and adjustm ent which w ould  not be possib le with less elastic 

materials.
Rubber gloves are useful in  m an y household  tasks and are essential 

in hospital and m edical usage. W hile strength  and durability are the 
ch ief requirem ents o f  rubber g loves fo r household  use, surgeon’s gloves 
must have m axim um  possible strength, thinness, and  resistance to chemi­
cals and steam used in sterilization. T h e y  are m ade o f  the finest natural 
rubber. R u b ber gloves for household u se  m u st have good resistance to 
soaps, detergents, bleaches, and  other chem icals and also to acids, alkalis, 
and other corrosive m aterials that find occasional use.

Foam  rubber is used in padding o f  clothing, and this has been pointed 
out as a potential danger in  the laundering o f  the clothing. Rubber Age 
(1957) states that the N ational Protection A ssociation has suggested that 
clothing and other products padded w ith  foam  rubber should not be 
force-dried in home or com m ercial driers. T h e  A ssociation suggested also 
that such foam  rubber articles be dried  separately b y  natural means after 
washing, and urged that such articles be labelled  ‘ D o  not dr}' in driers 
or oven heaters’ as an aid to preven ting  fires through spontaneous 
heating and ignition.

Protection from  m oisture is g iven  b y  ru b b er in the form  o f rubber 
shoes, overshoes, boots, capes, raincoats, ra in  caps, bathing caps, an 
ponchos, and in w aterproofed fabrics. A  pioneer rubber chcmisl contn- 
bured h is name to the first rubberized  fabric raincoats that were kno«Ti



ifliosi universally fo r  m an y years as macintoshes, and still are so termed 
fa mny Englisli-spcaking countries.

Rubber heels h ave cushioned the shock o f  walking on modem pave­
ments and m ay be credited  w ith  aid ing in the adjustment o f mankind to 
modern living. A th letic  sh oes m ade o f  rubber are taken for granted as 
acccssities in efficient com petition. C repe and sponge rubber soles have 
received general acccptance fo r sports and comfort. A s the use o f rubber 
In heels has increased, the art o f  com pounding has been improved to 
obtain tougher and m ore durable heels. A  major problem has been the 
compounding o f  non-m arking ru b b er heels th it do not leave scuff-marks 
on flooring. A s  w om en’ s h eels have become higher and tliinner, the 
problem o f producin g a  sufficiently tough tip (top-lift) has become in­
creasingly difficult. A n  in creasingly sm aller tip was called upon to perform 
[be same work as a b roader heel had form erly done. T h e need for increased 
toughness and resistance to abrasion increased in direct proportion to the 
deaease in w earing surface

W olf (19 58 ) reported  that a suitable top-lift to meet the rigid require­
ments for ladies’ shoes could  be obtained b y  using a carboxvlic nitrile 
rubber reinforced w ith  a fine-particle silica and hard clay. I f  desirable, 
other s)Tithetic rub b ers m ight be com bined with the carboxTlic nitrile 
nibber. H e  also reported  success in  using a relatively large amount o f 
phenolic resin  w ith  n itrile  ru b b er reinforced with the fine-particle-size 

hydrated silica.

Aihlelic Goods
Many articles o f  apparel that arc m ade wholly or in part o f rubber are 

designed prim arily  fo r  sports wear or for use in athletic activitv'. Rubber 
has also entered in to  tlie  sports field in m any other ways. Footballs, 
mcdidne balls, basket balls, and all other inflated or inflatable balls, are 
made o f ru b b er or h ave ru b b er bladders. T enn is balls are intkted by 
chemical action d u rin g  vu lcan ia ition . Footballs and similar playing balls 
have inflatable b lad ders that hold  the air under pressure. G o lf balls are 
given greater ‘ c a n y ’ b y  having the core made o f rubber, and the tough 
surface results fro m  the incorporation o f rubber in the compound.

Rubber also p lays an im portant role in the manufacture o f swimimng 
4«essories. B each  to y s and sw im m ing aids arc made o f rubber. Skm  
‘living has created a considerable demand for rubber in the manufacture 
‘>f breathing tubes, m asks, fins, and snorkels. In  skin diving, rubber is 
subjected to a considerab le range o f  temperature and pressure. It must 
^ v e  softness fo r personal com fort, and also pliability, durability, an 

dependability to avoid  dangerous failure.

Toys
Rubber is also an  im portant constituent o f t o y s — especialh 

^atare unbreakable ajid  harm less for children. T h e tabncaiion ot lite-use



dolls that have the chanictcristics o f  babies has developed mto a large 
industry T h e  parts arc made p rm u rily  b y  m oulding, and then joined to 
make dolls with a high degree o f  adjustabilitv' as to position. Miruaiure 
nursing bottles witli functioning nipples arc supplied, as well as durable 
nl-ostic or rubber dishes and doll furniture. R u b b e r has added a significant 
element o f reality lo the m ake-believe life  o f  the grow ing child.

R ubber has also entered into the construction o f  the play-pens, 
building blocks, tov trains, toy cars, and m any other articles designed to 
Kive respite to harassed parents and joy  to the child . Indoor archcr>- is 
possible with rubber-dpped, cup-shaped arrow s that stick tf> the target 
by suction. W hile ultimate protection o f  the hom e from  toys in the hands 
o f small children could only be accom plished b y  constructing the home 
and furnishinss largely o f rubber, the use o f  ru b b er in the manufacture nf 
toys has certainly been o f  great value in this connection.

* W'heeled plaj'things have assum ed an im portant place in the lives of 
children. T h e rubber t}Te is applied to w heels o f  ever}' size, and for use on 
many types o f  toyS. In  addition to servin g  the purpose o f these
rubbenvT es protect the furniture and floors and g ive traction h> spring- 
or rubber-propeiled toys. H ard  ru b b er w heels are o f  great importance 
in making roller skates; and rubber t\'res are essential on baby carriages, 
both toy and practical, and on w^agons, velocipedes, tricycles, and bicycles.

In  the m anufacture o f  tyres for such  a variet\- o f  toys and vehicles, the 
versatilitj' o f  rubber and rubber com pounds is dem onstrated. The  r\-pe of 
mix is suited to the prospective application, and rubber finds use on tuys 
that are designed fo r com petition w ith the cheapest o f  other materials, 
or witli the best. A  high degree o f  d u rab ility  is built into hard rubber 
wheels for roller skate.<5 and the ru b b er used in b icycle tu c s . Toys for 
infants m ust have softness and resilience b u t are not required to have a 
durability equal to that o f  tiie b icycle tyre. R u b b e r tyres cm toys that roll 
on the nursery floor do not need the toughness and resistance to abrasion 
o f  those on velocipedes that, in turn, do not req uire as tough a rubber as is 

used on bicycles.

Sponge Rubber
Sponge or foam  rubber for hom e use is m ade by the same incthDi-ls 

za are em ployed fo r the m anufacture o f  industrial products. I  scs of foam 
or sponge rubber in  upholstery in m otor-cars d irectly parallel its applica­
tion in the home fo r tlie upholstery o f  furn iture. T h e  use o f sponge rubber 
around tlie hom e requires special menticm, how ever, because it representh 
a  relatively new  form  in which ru b b er m eets m any o f  the househi 'hi needs  ̂
F ro m  its first application in the m anufacture o f  quality mattresses ant 
pillow s, sponge rubber has spread to every  category o f  household ncet, 
and its use is expanding. R u b ber spon ges fastened to appropriate ĥ >uiii 
are used for cleaning floors, w alls, toilets, bath tubs, wind<iws, etc. Sinii ar 
sponge rubber has also been put out in  the form  o f  soap dishes lor huluinp 
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• he lavatorv', lia th , and sink. Polyurethane foam is a  valuable heat- 
1  rubber th at has proved useful as a pad for ironing boards. Vinyl 

' “ '*'*msWons ate n o w  b ein g  m arketed in a form for being eovercd at 
f®* "  com pounded to be flame, moisture, mildew, and

resistant iB  ad d itio n  to bein g  non-allergit, sanitary, and durable.
” " S onse foam , o r ce llu lar rubber is made by including in the mixing
■ diem.s’ chem icals that w ill form  gas during the \-ulcanization process.

(IQ II , 19 17 )  collected and abstracted hundreds o f patents 
f e  i e  preparation  o f  sponge rubber from natural rubber latex, 

f  ter it was fo u n d  possib le to make sponge rubber from sj-nthetie 
hficcs T h e  in ternal structure o f  the sponge rubber can be controlled 
m Jive either sm all, isolated  air cells or large, interconnected air pas- 
a g B , and the fo rm  o f  the m ould m ay add further to the openm ternal

construction.

Adhesives
Photographic adhesive pastes made with rubber have found popularity- 

for the pastine o f photographic prim s, clippmgs, and similar materials. 
Rubber cements have found use for the gluing of fabrics that must remam 
flexible, and for application to the undersurface of nigs to ™  f
slipping on polished floors. R ubber cements are used m * e  h  ™  f^^ 
t a g  Rubber and  vinvl tile. W herever rubber must be bonded either to 
other “rubber or to diflVrent m aterials, a rubber cement is “  no
other adhesive is satisfactory in bonding rubbcj. Many 
for household use are fabricated by the use of 
rubber pads are bonded to metal or wooden frames 
cements, and  ru b b er stnpp ings used as sealants for refrigerators are held

in place b y  ru b b er adhesivt-s. _ ,-,f-irrlrleq
An im portant outlet f.jr „ f  most shoes are

for persona use is u i m aking shuts. 
eem Lted  together w ith adhesives, and
Enal p ro c e s so r  attaching uppers to t e . ^  P P ^ ^ ^

eent of all w om en's shoes

r  t o s t  e «  ^  „

the use o f ru b b er soles and non-leatber case
Change to various types ol rubber adhesi j^jrile
of rubber soles. Natural ̂ .J ^ m in '' the various parts of
rubbers, have been used suceessfulU . cementing vinylrubbers, have been used successluu, m  .e  
A oes. T h e  n itrile  rubbers have been espeeullj uselul 

plastic t<ips to rubber soles.
R u b ber is an  im portant eonstituen wrapped around

facture o f  a wide varielv S r  ^  the um on
a so ld e re d  e le c trica l e o im e a ;o n u . .n .u l  e f

, box. R u b b e r is an ingredicTit in thi la H ; sun  

N 3<>7



fabric and plastic tapes. I ’hum b tacks (i.e. draw ing pins) have been almost 
entirely replaced on die draw ing board b y  adhesive lapc that is tonvciiient 
to use, causes no damage to the board, and offers no obstruction tn frte 
movement o f draw ing invstnmients.

Miscellaneous Uses
Household correspondence req uires the use o f  the two rubber items 

that are o f  alm ost universal application, the ru b b er band and the eraser. 
R u b ber is also used in  the m anufacture o f  w all-paper cleaners that, after 
all, are essentially large-scale erasers.

In  cosmetics, rubber has found its ch ie f application in the manufacture 
o f  hard-rubber com bs and in the so ft-ru b bcr bu lbs o f atomizers. The 
developm ent o f  pressurized sprays has reduced the use o f rubber fur this 
latter purpose, but rubber bu lbs are needed for perfum e ainmizers, 
droppers, and sim ilar appliances. In  the kitchen, rubber bulbs are needed 
for basters and, in the garage, for hydrom eters fo r checking batter)- and 
radiator fluids.

R u b ber nippies on nursing bottles represent a  well-established appli­
cation o f  rubber that has increased w ith hum an populaticm and shows no 
sign o f  being replaced.

Gaskets represent an im portant household outlet for rubber. Rubber 
sealing rings are an essential accessory in  hom e-canning. W hile the 
efficiency o f  com m ercial canning has tended to restrict m any home-canning 
activities, the production and use o f  ru b b er jar rin gs still consdnites im 
im portant use o f  rubber. H eat-resistant ru b b er gaskets are used on pressure 
O)okers, and rubber also finds extensive use  around the home in valve 
g ^ k e ts , hose gaskets, and in the sealing o f  refrigerator doors. Rubber 
strips m ay be used around doors and w indow s as weather-stripping.

Rubber sheets and  rubber pads are needed in every himie. ( j i b  sheets, 
w aterproof covers, and w aterproof tarpaulins, illustrate the use ol rubber 
for waterproofing. S in k  and drainboard pads represent the applications oi 
flat rubber padding to protect glass and china tablew are. F o a m - r u b b e r  
kneeling pads, both for use inside the hom e and for the home gardener, 
illustrate the use o f  rubber for m aking the ciTorts o f  ihc l n ) m e m a k o r  loss 
arduous. T h u s , sheet and pad ru b b er p erform  in t h e  hom e three f u n c t i o n s  
that are characteristic o f  the contribution  o f  r u b b e r — w a t e r p r i x i h n j i ,  

protection o f  delicate m aterials from  in ju ry , and adding tu the comfort cf 
the homemaker.

R u b b e r  o n  t f i i : F a r n j

T o  the degree tliat the farm  is still a place o f  ab(tde as well as a  iarming 
business, the rubber uses listed above fo r the hom e are d u p h ciied  on the 
farm . T h ere  are, how ever, m any uses o f  ru b b er that are peculiar to 
farm in g  operations as they arc conducted in  this age o f  automatidn.



jybbcT has assu n ied  a  m ajor role in the developing civilization in 
jarrin g  boun ce o f  the ox-cart has given way to seemingly 

fless and jo ltless m echanized travel, and metallic clang and vibration 
h - been silcnccd and  deadened b y  die interpellation o f rubber, the 

tour o f m en an d  anim als on  tlie farm  has given way to more efficient 
cchanical operation. M an  form erly  m ultiplied his own labour by util- 

the efforts o f  beasts o f  burden. N ow  his efforts receive even greater 

increase b y  the use o f  m achines.
The raising an d  care  o f  animals continues but, in many countries, 

these are now  the products o f  the farm  rather than the tools for its opera- 
don. M echanization has also been applied to the care o f the animals that 
are still raised on the farm , and rubber has contributed greatly to this 

farm raechaniziition.

Rubber in Traction
Traction is a  m ajor need on the farm , using much power. It is needed 

for the operation o f  farm in g  equipm ent, for transportation on the farm, 
for obtaining su p p lies and  equipm ent, and for transportmg the farm 
products to m arket. Prim itive  wooden ploughs pulled by human power 
were the first developm en t in asricultural traction. Substitution ot dratt 
animals for the hum an pow er constituted a major change that motivated 
advance in  the construction o f  the crude plough. Soil preparation pnor 
to planting and cu ltivation  o f  the growing CTop then became more and 
more im portant concepts in agricultural operations. Even u r i^  
aritnal-power period  o f  fa rm  operation, it became
management consisted in m ore than just stirnng Up the SOI. P ' -

and dean-w eeded  fields w ere found to lose ■
and rain erosion. M eth ods o f  farm ing were according \
ini2e the loss o f  so il, w hile  srill perm itting the
tablishgood tilth, and mean-\\hiU- provide samtationane ai.t.q

ofw eed plam s^ how ever, that the plough itself CTeated 

manv types o f  so il, a com pressed layer was left at 
VVitlt ' i ^ r o v e d -  U-pes o f  ploughs that allowed

plou gh in g , th is  la y e r ,  th e  " “ " h h d r a n c c  to the free

b e Z  a  se rio u s p ro b lem  o f  f « m -

“ ” S ^ c h a n i . a t i o n  s ta r te d  w ith  * e  so b stn u tio n  o fI'arm  m echanization starteit \Mtn ‘ r  a n d  cuitiva-
for draught anim als. T h e  efticiency and spce ' p j^iechanieal
don w ere greatly increased by the „ s lp e r io d s  for
tection . S to p s f.,r repairs were shorter tl . , i „ „ „ „ s lv  for long
farm am m als, and the machine could b . Y  m u c h  g r e a t e r  w ith the 
Hours. Speed-con tro l and uniform ity 

M ncchanical tractiim  than had been possible wit r _

fraction. S to p s for repairs were



Substituii"n  o f m achinery tbr draught anim als m trnduccd new pmb- 
Icms inu. farm  m anagcm ait, however. 'IracU o n  created rlic first and most 
serious prohkm . U nder norm al field conditions, i ie a w  tractor wheels 
vvilh large iron cleats gave good results, but they w ere ciLsily bogged down 
i f  rhe field was wet, and the iron lugs w ere prohibited from paved roads 
because o f  their destructive effccf. Tran sportation  o f  the tractors from 
field to field became a m ajor problem , ye t this transportation Avas essential 
because the efficiency o f the tractor w idened its use to many acrcs rather 
than to a single field. E a rly  substitution o f  ru b b er lugs for rhe original 
steel lugs helped somewhat in the transportation o f  the tractors from place 
to place, but did not solve rhe problem  o f  traction in wet fields, .Substi­
tution o f  tracks for rhe traction w heels, how ever, partially solved the 

problem. ,
While ploughing itse lf does n ot in volve the working of very wei soil, 

there are m any farm  operations that do req uire the use t)f power equipment 
over wet land. U nfavourable w eather often interferes with the opera­
tion o f  power equipm ent in the harvest o f  cercals, and the use o f track- 
equipped m achinery m ay not be practicable. In  rice  farm ing, the use »)f 
power machinery' was not even considered as a possib ility  until long after 
the use o f  such equipm ent had become standard practicc in most farm­

ing operations.
T h e use o f power-operated equipm ent on wet soils, c\ en on inundated 

rice land, was solved by the developm ent o f  giant rubber tyres ith deeply- 
notched tread designs, eclipsing even the heaviest of the iron and rubber 
lugs form erly used on the m etal d rivc-w heels. Su ch  lyres may contain 
up to three-quarters o f  a ton o f  rubber and w eigh more than a ton and a 
half. \X ilh  a height o f  m ore than 6 ft., these tyres can operate in s\\ampsor 
in die dampest o f farm  lands w ithout becom ing clogged, and with only a 
minimum churning o f  the soil.

N ot all o f  the farm  traction needs have required  such enormous tyres, 
but the developm ent o f heavy rubber tyres with large cross-scction and 
deep, heaAT tread design has been an im portant clem ent in the adjustment 
o f  farm traction to m achine operation. T h e se  tyres can be operated am - 
where on the farm  that m echanical traction is req uired , anil do not daimige 
the paved highways.

T h e plough sf>le h;is been m entioned as a problem  in farm  manage­
ment. T h e  substitution o f  m achines for animal traction complicated this 
problem , for horse-draw n ploughs and other farm  machincr\* cause litrle 
a>rapaction o f the under-soil. In  addition to the plough sole that i.s 
characteristic o f  the ploughed land on  m an y types o f  so il, the use o f hea' > 
tractors results in further com paction (»f the soil. T h is  m ay result cither 
in  excessive surface dr\'ness, even w hen substiil m oisture is adequate, nr 
in  waterlogging. Both  conditions m ay occur in a single Held, as ihey rcsu t 
from  the destruction o f  soil cap illarity b y  the com pacting. A  b u i l d - u p  o  
soil diseases inimical to the farm  cro ps m ay result f rom  the poor aeration



of the soii. T h e  m ore efficient traa-smission o f power that resulted from ihe 
use of ru b b er tyres has made it possible to reduce the weight of 

tractors and rcduce com paction materially.

f j m  Transpomtion

The products o f  the farm  m ove to market on t\Tcs, and fertilizers and 
other supplies rcach  the farm  on vehicles equipped with rubber tyres. 
T \tcs arc also n ow adays alm ost indispensable for the transporaiion o f 
men, supplies, and equipm ent from  point to point around the farm. The 
practical elim ination o f  liv ing  horse-power has forced rcliance on trucks 
or lorries o f all sizes, and these have found use even in the tramportatioii 
of tractors and h eavy  equipm ent where the distance o f haul makes the 
greater speed o f  the truck advisable.

Not all o f  the w heels on the farm  have been equipped with rubber 
tvres. It has been show n conclusively, however, that great economies can 
be made by rep lacin g  steel rim s with rubber tyres wherever heavy loads 
have to be hauled. O ver rough terrain, the advantage o f the rubber is 
even greater than elsew here. It has been found that rubber t}'res are of 
great advantage on horse-draw n vehicles, and the accomplishment of
o.ven has been greatly  increased b y  putting rubber tyres on ox-carts. 
In all phases o f  farm  operation, it has been found that economies result 
from putting ru b b er t\Tcs on equipm ent that is rolled on wheels. This 
replacement is p articu larh ' im portant in the case o f wheelbarrows and 
similar equipm ent that is propelled by human power.

Pomr Belting
Apart from  the ru b b er in traction and transportation equipment, 

power belting has been the im portant contribution o f rubber to farm 
mcchaniaition. T h e  farm , like the facm ry, is capable ot great mechaniza­
tion, and m ost o f  the farm  tiperations can be facilitated by the use of 
power. U n like the factorv , how ever, the farm  is spread out over a large 
area and it is im practicable to make permanent installations ui provide 
the power needed in  so m any places. M an y o f the farm operations can be 
concentrated near centralized power equipm enr; but i: is otten better to 
take the pow er to the w ork than to take the work to the power.

Flexible pow er transm ission through the use of p>'\\er beltmg has mav. e 
possible to convert tractors, trucks, i>r mt>tor-cars i n t o  temporarv 

sources o f stationary power. W ood saws, thrashing machmes, balers, and 
comparable machiner\-, can be operated far from the tarm cemre because 
of the possibility o f co m ertin g  self-propelled equipment to use as 
statitmary engines through the tem porarv use of power belting.

Power beltin g also finds m anv uses in permanent p<»\'er msta 
the fa r m -m k -h in e  shoj>s, pum ping installatioi^s. nulkmg "w chm es 

_ electrical generators, and sim ilar uses that make the operatum o a ar
■ ^m parab le to that o f  a factory u ith respect to po^\ er needs.



T m nspknlcn
\ s  ill inilustrial operations, rubber finds m an y uses on the farm be- 

cause o f  its softness and resilience. T h e se  qualities o f  rubber have bam 
utilized in the mass handling o f eggs, and  fo r  sim ilar purposes in the 
washing and handling o f bruisable farm  crops. C ro ps, such as potatoes, 
that have been dug from  the ground, m ust often be w ashed tn take on an 
attractive* appearance and com mand the best return. F ru it  and vegetable 
crops often have to be washed to rem ove an y  residue (»f insecticides or 
fungicides. R ubber perform s an  im portant service in the form  o f  fingers nr 
buffers to avoid damage to the farm  cro ps w h ile  they arc being washed or 
otherwise handled in  packing and preparation  fo r marker.

Anoriier ver>- delicatc operation that m ust be perform ed on many 
farms is the transplantation o f  n u rsery  secdlm gs. T h ese  seedlings are 
fragile and easily bruised. In  large-scale operations, this transplanting is 
done mechanicailv, the only hum an function  being to carr>' the seedlings 
to the transplanter and place them , one b y  one, into individual pockets or 
fingers on the machine. T h e  m achine does the rest o f  the job, opening die 
hole in the soil, carrying the plant to the h ole, inserting the plant, and 
arm ing the soil around the plant. T h e  transplanter m ay even apply water 
to the newly transplanted seedlings at the tim e o f  planting, and rubber 

hosing finds use fo r this purpose.
T h e im portant functioning parts o f  the transplanter are the rubber 

pockets or fingers that hold  the seedlings w hile they arc being planted, 
T h ese  rubber appendages hold the plants firm ly  but so ftly . T h e  non-slip 
surface o f  the rubber retains the seedlings with(nit abrasion while they 
are being (mtried to the planting holes, but releases them  instantly without 
tendency to stick. L ittle  pressure is exerted  on the seedlings, and there 
is a m inim um  o f  damage to the tender you n g bark or other surfacc.

Sp a j/m g  Equipment

T h e  protection o f  grow ing cro ps from  diseases, insects, and weeds !S 
an im portant phase o f  farm  m anagem ent. I 'h e re  are man\ deviccs that 
have proved useful in  prov id ing  this protection— including tiie brecdin? 
o f  resistant or vigorous crops that arc not seriously affectod by the dis­
eases, and o f  insects that w ill devour and suppress the weeds. Tlu’ 
m ajority o f  the protective processes in vo lve the application ot tunpicide?, 
insecticides, or herbicides. T h ese  protectants arc applied m the turni ot 
powders or dusts, or as em ulsions or solutions.

R ubber is used extensively in  connection w ith  the chem ical protection 
o f plants from  diseases, insects, and w eeds. M an y  o f  the chemicals usee 
in the protectants m ay be in jurious to the person m ixin g  them  in prepuw- 
tion for application, or subjected to the fum es or sprays during apphw 
tinn, I t  is often necessary to w ear protective clothing w hile mixing  ̂  ̂
chem icals and during the tim e o f  application. E y e  irritation is common 
fro m  m any o f  tlie dusts used a s fu n gicides or insecticides, and it 'S
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f cti necessary to w ear protective goggles <jr aspirators as weU as suitabie 
iL e s  aiul other  protective clod iiiig . R ubber is essential in the manu- 
f ture o f cloth ing, and in  connection with the fabric of the masks or 
^nirators and the sealing strips that hold the goggles, masks, and aspir- 
jtofS to the facc o f  the operator— to protect eyes and nose from  the sprays

Q-op protectants (fungicides, insecticides, herbicides) m ay be applied 
bv hand, b y  hand -operated  equipm ent, by various tv'pes o f po^ver equip- 
nieni: on the ground , or b y  aeroplane. R ubber fm dsuseindevicestocontrol 
the rate o f application  and  feed controls in all types o f spray- or dust- 
snreading equipm ent. I ts  greatest use is in connection witlihand or power 
equipment that sp rays or dusts from  the ground. In  addition to its use 
in gogfh'S, clothing, and other devicc^s U) protect the operator from the 
chemicals, ru b b er is found  m ainly in the hoses that are used to direct the 
spray or dust. T h e  ru b b er used in these hoses m ust be compounded to 
have' a higli degree o f  resistance to the chemicals used in the spra\- or dust, 
and also m ust h ave considerable strength to resist the pressures needed to 
atomize the spra>' or dust and force it to the limit o f the area being treated. 
hs the controlling nozzle m ust be at the end o f the hose, where it can be 
controlled b y  the operator, the hose m ust be designed to withstand the 
full force o f  the sp rayin g  pressure that m ay reach several hundred pounds 
per square inch. M a n y  effective herbicides consist o f oils, or o f emulsions 
containing oils. H oses that handle such materials must be made of oil- 

resistant rubber. ,
In addition to the hoses needed in applying sprays, dusts, or emul- 

sit>ns, the m achines req uire  m anv types o f rubber washers— to se^  the 
top o f the tank, fo r use in  connecting the hose, for sealmg mlets and out­
lets, and b  the control valves. Pm tectant machinery also represents an 
additional im portant use fo r rubber t>Tes to facilitate transportanon o\er 

ploughed ground.

Riihhr in Other F,irm Equipment
Rubber is also u sefu l in the constnicticm o f  many other t>-pes o f farm 

equipment. C otton  p ickers make use o f rubber, and it 
thrashers and com bines and in suction pickers fi'r small seed, t   ̂ ’
nibber has been applied  to protect the surface ot meta par ^  
abrasion b y  san d and dust where high-pressure suciion or pre 

needed in cleaning seed. . , _  u
M an y farm s are at such distances from  settlements 

fire-fighting equipm ent that the farm  must its o\\n. .
additional and im portant need for rubber. Ih e  farm  is ^ 

fro m  a factory  in this respect, as the 
detennmc w hether it w ill be controlk'd. In  b<ith c M S , i   ̂
o f fire hosing and the necessary fi.tin gs and water o u tk is are csscnt , 

“ J  so rubber is a  basic m aterial In protccimn against tire.



The Ihe o fR u b h r  in S m k  Ram ng
Rubber has important uses in connection w ith the raisinp o f fjm , 

animals for meat and  dain- products. V eterin ary  needs and protection 
a«ninst disease and insects reqm re m any o f  tlie rubber goods that find 
use in m e d ia l treatment o f  hum ans. Sam tation is  extrem ely important for 
the health o f  the animals and for the character and quality o f the product. 
B am s and pens m ust be washed and  sprayed and kept clean by the most 
mcticulous effort. R u b ber enters into the sanitation programme in an 
important manner as a constituent o f  atom izers and sim ilar veterinirv 
supplies, imd in the hoses and attachm ents used for spraying and hosing
out the buildings and pens.

Farm  mecltanization in the handhng ol livestock h:is been effective in 
the milk industry. In  high ly com petitive areas, hand m ilking has given 
wav to the use o f  m ilking m achines, and the sim ple m ilking machine is 
m ^ ig  WTiy to elaborate installations in w hich  the m ilking machine empties 
into pipes that carry' the m ilk to the assem bly point. .'Vll operations leading 
to the delivery o f  d ie m ilk  to the collecting truck arc here performed 
mechanically, while the m ilking m achine and all pipe lines are cleaned by 
forcing cleaning fluids through them  under pressure.



T H E  E X P A N D I N G  N E E D  F O R  R U B B E R

P r e d i c t io n  o f  R u b b e r  C o n s u m p t io n

Predictions o f  ru b b e r consum ption are normally short-term estimates 
made to guide the in du stry  in planning production schedules. At this 
point, how ever, w e arc  concerned more with a long-term prediction, 
projecting ru b b er usage tw en ty years or more into the future. T he 
planning" o f  p roduction  schedules, or even the constructitm o f new 
production facilities fo r  synthetic rubber, can be b;^ed on annual esti­
mates o f d em and; b u t the establishm ent o f plantations requires a mini­
mum o f ten y ears fo r each planting. A  long time is required for a major 
[Qcrease in  p lantation ru b b er production.

A  rubber plantation can be brought into tap at the age o f five to seven 
years and attains fu ll y ie ld  about ten years after planting. A  period o f 
around tw enty years is then  required to amortize the investment. The 
initiation o f  a plantation operation involves the supposition that production 
will still be profitable som e thirt>' years after the date o f plantmg. An 
orderly p lanting or rep lanting  schedule would serve to level o ff the in­
fluence o f  tem porary econom ic fiuctuations in demand or price, but would 
not protect against m ajor trends that m ight involve a shift to competing 
products. T h e  biological problem s o f planting, care, and exploitation ot 
the plantation, create on ly  a m inim um  o f uncertainty covering this t trty- 
year period. E con o m ic questions o f  continued need ft>r natural rubber, t e 
expanding m arket fo r ru b b er o f  all t\'pes, and the market price m e

future, contribute m ajor uncertainties.

Geo^aphical Distribution o f  Usage
In  15 59 , as s h o ™  in T a b le  X V I I ,  the L n ite J  Smtcs used 44-2 P «  

a n t  o f  all the ru b b er consum ed throughout the world. A  total 01 34 3 I e 
m t  o f the ru b b er w as used in Europe. major portion o f the rubb 

t^ed in the U n ited  States and  C anada, 6 5 1) and 56-4 P «  “ ’ t, >
(Table X V I I I ) ,  w as synthetic. In  England and France, natural 
the extent o f  69-6 and 68-1 per cent, respectively, constituted the ) 
source o f  raw  ru b b er, as it did also in all other countries.

T j ie s ,  tubes, and tyre accessories accounted for over ha 0 ^
'Jsed throughout the w orld, including 70-1 ‘.'jnt ot a _  r
Canada and  63-0 p er cent o f  that used in the L nited States.



RL’BBER CONSUMiniON IN IQ59 BY COUNTRY, IN PER CENT OF ESTIMATED 
TOTAL WORLB USAGE*

C o u n tr j-  P e r c e n t

U n ite d  S ta te s  4 4 '^
U n ite d  K in g d o m  7 ‘ ‘
F r a n c e  S '4
G e rm a n y  5 9
N e th e r la n d s  o-o
E a s te r n  E u r o p e  8-5
O th a -  E u r o p e  6-0

• C a lc u la t e d  f ro m  d a ta  in  T a b i c  2 3 , I n f e r n a i io n a l  R u b b e r  S t u d y  G ro u p  (i960).
N o  a c c o u n t h a s  b e e n  ta k e n  o f  s y n th e t ic  r u b b e r  o r ig in a t in g  f ro m  E a s ie n i  E u ro p e .

T A B L E  X V I I I

CONSUMPTION OF RUBBER IN 1959 IN CANADA, FR.\NO:, THE UNITED
k in g d o m , a n d  t h e  u n it e d  s 'j a t e s , b y  a m o u n t  i n  l o n g  t o n s  a n d  per­
c en tag e  USED IN THE MANUFACTURE OF TiTlE AND NON-T^-RE PRODUCTS AND 

THE AMOUNT AND PERCENTAGE OF NATURAL AND SYNTHETIC RUBBERS*

C o u n t r y P e r  c e n t
A u s tr a l ia >5
B ra z il J '4
C a n a d a 2 ’8
I n d ia 1-2
J a p a n 5-2
C h in a 4-0
O th e r s 5-4

Produc t Canada F ra n c c  t U n ite d  K in g d o m U nited  States

per per per per
tons cent tens a m Ions cent Ions cent

T yres t I II V

N atu ra l 31-2 39-2 84,01)0 32-4 354.(>63 2I'8
Synthetic 39.478 38-9 37,300 19-0 58.169 22-4 41-2
T o u ! 71.199 70*1 83,806 58-2 142.259 54-8 1,024,274 63-0

N cm -tyre * • t t t t
N atura l >2.551 12-4 4 t,6 o o 28-9 96,552

T o
200,381 12-3

Synthetic ' 7.734 I 7 -S 18,541 12-9 20 ,844 40 t-7 i 5 i+-7
T otal 30.285 29-9 60,141 41-8 117.396 45-2 602,096 37-0

T otals
N atu ra l 44,272 43-6 98,106 68-1 180,642 6 9 6 555.044 34-1
SyntJierit; 57.212 56-4 45,841 3 J -9 79.0 '3 30'4 1,071,326 OS'O

G rand  totals 101,484 lOO-O 143.947 lOO-O 259,^55 lOO'O 1,626,370 100-0

*  C o m p ile d  f ro m  d a ta  in  T a b l e s  3 6 , 3 7 , 3 8 , a n d  3 9 , I i i tc r n a t iu n a i  R u b b e r  S tudy 
G r o u p  ( i9 6 0 ) .

i '  D a ta  in c lu d e d  fo r  f i r s t  n in e  m o n th s  o n ly .
X In c lu d e s  ty r e s  a n d  tu b e s ,
§ In c lu d e s  a u to  c o v e rs , v e h ic le  t u b e s ,  v e h ic le  c o v e r s ,  a e r o  tu b e s ,  cycle tyr«, 

o th e r  ty re s , a n d  r e p a ir  m a te r ia ls .  . ,
II In c lu d e s  n e w  c o v c rs  a n d  tu b e .s  fo r  ty r e s  f o r :  c a r s  ( n ib e l e s s  a n d  o th e r); cotiim ein ii 

v e h ic le s ; t r a c to r s ,  e a r th - m o v e r s ,  a n d  h o r s e - d r a w n  v e h ic le s ;  m o to rc y c le s  and tricar;., 
b ic y c le s ; a n d  o th e r  c o v e rs  a s  w e ll a s  s o l id  ty r e s ,  r e - t r e a d s ,  a n d  r e p a ir  materials.

I n c lu d e s  ty r e s  a n d  ty r e  p r o d u c ts .
• *  In c lu d e s  w ire  a n d  c a b le ,  fo o tw e a r ,  f o a m e d  r u b b e r ,  a n d  o th e r  p ro d u c ts ,  
t t  In c lu d e s  te c h n ic a l  r u b b e r  g o o d s ;  h o s in g ;  b e l l i n g ;  e b o n i te ;  f o o tw e a r ; :;o!es an 

h e e ls ;  su rg ic a ls ;  p r o o f in g ;  c e m e n t ;  t h r e a d ;  c a b le s ;  a n d  m is c tU « n c o u s .
J t  I n c lu d e s  b e l t in g ;  c a b le s ;  e b o n i te ;  f o o tw e a r ;  h o s in i j ;  p r o o f in g ;  c e llu la r  ' ’uoo * 

t h r e a d ;  su rg ic a l p r o d u c ts  ( e x c lu d in g  s h e e t i n g ) ;  s p o r t  good-s; s h e e t in g ;  n n g s , 
a n d  g a s k e ts ;  ti le s  a n d  f lo o r in g  ( o th e r  t h a n  c e l lu l a r  r u b b e r ) ;  a m i o th e r  fnwceuiin'- 
p r o d u c ts .



rubber for other purposes w as also highly important, and the United 
S ta te s  alone used over ten tm ics as m uch rubber in non-tyre products in 
jQ-q as was used  throughout the world fur all purposes in 1900 

T]ic d isparity in usage between that in  the United States and that in 
rest o f  d ie  w o rld  encourages the belief that there are great oppor­

tu n i t ie s  for expansion m  the use o f  rubber. Phelps (1957), after reviewing 
]̂ie available in form ation, found  that the rate o f increase for all other 

coiinrries is now  som ew hat greater than for the United States, t h e  com­
parative figures fo r the period 19 50 -55  being 6-4 per cent compared with 

•̂0 per cent increase annually . Phelps believed that this situation could 
be expectcd to continue, w ith  e\-en greater differences in the rears to 
come, as annual consum ption  in the U n ited  States is now about 19  lb. 
per caput in contrast to i lb . per caput for all other countries combined. 
He concluded that ru b b er consum ption w ill continue to increase rapidly 
for some tim e to com e— barring  a lack o f  supply, which is unlikely, or a 
world-wide d epression— and that the rate o f increase w ll  be greater 
elsewhere than in  the U n ited  States.

Decade-doublmg o f  Cointm ption
Since 1900 , the annual consumption o f rubber (Table X IX )  has 

roughly doubled d u rin g  each decade. T ab le  X X  shows the percentage 
increases in w orld  consum ption o f  rubber at ten-}'ear inten-als, starting 
widi 1900. H ad  there b een  an exact doubling o f consumption during each 
decade since 1900 , th e  consum ption in 19 50  would have been 1,680,000 
long tons. T h e  actual consum ption in that year o f 2,302,500 long tons 
(Table X I X )  substan tia lly  exceeds the calculated decade-doubling con­
sumption. T h e  19 5 9  consum ption o f  3,677,500 tons already exceeds the 
calculated decade-doubling  rate (2,360,000 toiis) for i960 but is only 
about 60 per cent increase over the actual consumption in 1950.

A ny projection o f  decade-doubling o f consumption past i960 would 
quickly lead to u n b elievab ly  large figures, outside the realm o f possibilit>'. 
There is no indication , how ever, that an y saturation point is being reached 
in the consum ption o f  ru bber, and a substantial incre-^e in the rate o f 
consumption is forecast b y  responsible authorities. Estimates 
by the U n ited  S la te s  M ateria ls Policy Commission ( i952)>
Paiey Com m ission, set consum ption at around live million long tons m 
1975- Phelps ( 19 5 7 ) poin ted out that the annual rate of increye m ru er 
consumption since the issuance o f  this report had exceeded the rate 

necessary to fu lfil that estim ate, ,
In  comparisons o fan n u a l consumption, tliecifects o f wars an eco

mic fluctuations have m ajor influence on the rate o f consumption 
nihber. I t  is in terestin g  to note, however, that the r̂ ;̂o 

economic depression  o f  the early nineteen-thirties in 
States had o n ly  tem p o rary  influence on the course o f the ^\or s e 
doubling trend in ru b b er consumption. T h e  immediate e e



ANNl'AL WORLD CONSUMPTION OF RU BBtB FOR TOP. PERIOD I9 0 0 -19 5 7 , 

SHOOTNG THE PERCENTAGES OF NATURAI, AND S W H E T I C  RUBBERS USEd ‘

Total
Year G)nsumption Natural Synthcric

long tons per cent per cent
rQoo 52>500 lOO-O —
1901 52,500 lOO'O —
1902 50,000 lOO'O —
1903 57.500 1000 —
1904 65,000 1000 —

1905
1906

70.000
75.000

100-0
lOO-O —

1907 77.500 lOO-O —

1908 76,000 1000 —
1909 87,500 1000 —
1910 100,000 1000 —
1911 100,000 lOO-O —
1912 120,000 lOO-O —
1913 130,000 100-0 —
1914 120,000 lOO-O —
1915 ifojOOO 100-0 —
1916 185,000 1000 —
1917 222,500 100-0 —

1918 235,000 100-0 —
1919 312,500 lOO-O
1920 297,500 100-0 —
1921 277,500 IOD-0 —
1932 405,000 1000 —
1923 445,000 100-0
1924 465,000 100-0 —
1925
1926

552.500 100 0
542,500 100-0

1927 595.000 lOO-O
1928 685,000 100 0
1929 805,000 100-0
1930 710,000 1000
1931 682,500 100-0
1932 690,000 100-0
1933 822,500 100-0
1934 920,000 TOO-0 —
>935 940,000 100-0 —
1936 1,045,000 lOO'O —
‘937 1,092,500 99-8 0-3
1938 960,000 995 0-5
1939 1,130,000 q8-6 1-4
1940 1,153,500 96-3 3-7
1941 1,312.500 94-5 5'5
1942 877,500 87-2 12-8
1943 907,500 67-7
^944 1,125,000 34'4 6̂ -f)
1945
1946

1,127,500 23-3 l'(yi
1,467,500 37’8 62-3

1947 1.735,000 63-8 -

D ata  from Phelps (1957) and Intenmiomd Rubber S tu d y  Group (1960)-



T A B L E  X iX ~ c o n id .

T o ta l
Y ear C onsum ption  N atural Synthetic

long tons per cint per c m
1948 ^’902,500 74-8
1949 1,887,500 7&’2 2rH.
1950 2,302,500 74-8
1951 2,327,500 65-1
1952 2,355,000 6 i ’5
1953 2,527,500 655
IQ54 2,515,000
1955 2,942.500 63-9

25-2 

34-5
1956 31O35.000 &3'7 37.3
1957 3 . i 47>500 6o-o 40^0
1958 3,227.500 6 i -3 38-7
1959 3.6770OO 57'4 42-6

T A B L E  X X

WORLD ANNUAL CONSUMPTION OF RUBI?ER AT T£N-YL\R INTERVALS, AND 
INCREASE IN ANNTAL RATE OF CONSL'MPTJON FOR EACH DF.C\DE*

Y ear C onsum ption Increase in Decade
long tons long Ions per cent

1900 5^.500
1910 100,000 47.500 90-5
1920 297,500 197,500 <rrs
1930 710,000 432.500

' f '1940 1,152,500 442.500 0 2 ',
1950 2,302,50c 1,150,000

•  D aia from  P h e lp s  (1957) and  IniernalionalRubber Study Croup (195S).

indic^nied b y  the variation s in annual consumption in Table X L X ; but, 
when the consum ption  is show n only at ten-year ljiter\-als in Table X X , 
there is no in dication other than that o f  steadily increasing usairc. Large- 
scale introduction o f  synthetic n ib b cr has not affected the general trend in 

over-ali usage o f  ru bber.
The Paley C om m ission  predicted an increase in consumption o f rubber 

fo around 5 n iillio ii tons a year b y  1^75. T h e Mission o f Enquir)'m io the 
Rubber In d u stry  o f  M alaya  (19 54 ) stated; ‘We think that it would be 
unsafe to base p o lic y  on the assum ption that the increase in the demand 
f‘ir rubber, both natural and svnthetic, will be as great 
Commission suggested, though 'w e have no doubt that it will be vcr>- 
great,’

Phelps ( 19 5 7 ) , on the basis o f  a carcfiil, obicctive analysis o f the 
o f increase in  consum ption o f  rubber before and after the r a e v  

report, stated : ‘A  statistical projection based upon the cumulative rate 

jH ncrease in w orld  consum ption in the period ig 50-iQ 55 
“rniually” ) w ould  suggest a doubling o f demand m the next 14  >ears.



Ph dps showed tJiat by I 975. «  " f
ru b ter consumed would be approxim ately th rce-an d -n -h df times the 
,m n,m r uicd  in iQSO (tathct than tw'O-and-a-third times the 1950 con- 
sumnrion as estimated in  the P aley report). P helps concluded that world 
consumption o f  rubber could easily double betw een 19 50  and ,905.

N a t l h a l  R u b b e r  v . S y n t h e t i c  R u b b e r

Since the phenomenal developm ent o f  the synthetic rubber industry 
durinR W orld W ar I I ,  it has been accepted that there is a group competi­
tion between the synthetic rubbers and  natural rubber. I t  is mcreasmgly 
■ipparcnt that each o f  the synthetic rubbers is in  com petition, not only 
with natural rubber, but with all o f  the other synthetic rubbers, for the 
available elastomer market, and that the com petition between the syn­
thetic rubbers m av become m uch m ore intense than that between natural 
and the sTOthetics as a  w hole. T h e  ru b b ers, natural and s>Tithetic al.lce, 
are in competition w ith plastics, ceram ics, m etals, wood, glass, and 
composition materials, for border-line uses fo r w hich  high extensibilit;- 

is not essential.

General-purpose Rubbers
Natural rubber (N R ) is the m ost versatile  o f  all o f  the rubbers. In 

much o f its usage, and particu larly in  tyres, N R  is in  direct competition 
with the so-called general-purpose rub b ers— chiefly the styrene-buta- 
diene co-polym ers (S B R ). In  this usage, superiority' is not d ear and un­
questioned, for each type o f  rubber has elem ents o f  superiority. N R  has 
lower hysteresis and crack g r o w ± , superior perform ance at high tem­
peratures, and a w ider adaptability  to changes in  tem perature. S B R  has 
superior resistance to abrasion and is less affected b y  oils, oxidation, and 
ozonation. On the other hand, b u ty l ru b b er, though not considered a 
general-purpose rubber, has greater resistance to oxidation than either 
N R  or S B R , and has the added im portant characteristic o f  being clearK 
superior in its ability to retain air. I t  has a h igher hysteresis than either 
N R  or S B R .

Use in Sm all Tyres. Sm aller tyres, such as those used on must 
passenger m otor-cars, are m ade w ith  h igh  proportion s o f  S B R  
United States, and this usage m ay be expected to spread to other countries 
where the established use o f  N R  has hitherttt retarded the Khitt to 
synthetic rubber. T h is  sh ift m ay be expected to take place botii becausc 
o f the superiorit)' o f  the S B R  treads and because o f  the im pact o f compe­
tition with tyres using low -cost S B R ,

Use in Large Tyres. T y r e s  w ith  a large cross-section, such as thtfsc 
used on aircraft, buses, trucks, and the larger passenger cars, must h;iu' 
resistance to the effects o f  flexin g. T h e  low er hysteresis o f  N R  gives it an 
advantage in this usage. I t  is possib le that in  the fu ture other typos » 
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rubbers, in cluding the syn th etic  polyisoprcne rubbers, may compete ™ h  
nanital rubber in  th is apphcation. A t the present time, however no 
svnthetic ru b b er can  com pete satisfactorily in the manufacture o f large 

or o f  those designed  to operate at low pressures that resuk in 
c x c c s s i v e  flexing and heat build-up.

Gfjirrtil-purpose v . Special-purpose Rubbers

Com petition o f  the fu tu re  m ay well be between the gcneraVpurpose 
rubbers, such as N R  and  S B R , and the speciality rubbers. Improved 
versatility o f  the general-purpose rubbers, and improved compounding 
techniques, m ay greatly  reduce field for rubbers suited only to limited 
application. O il resistance, resistance to oxidation, and adaptability to 
changes in w eather, can  be increased or deaeased  by compounding and 
^^llcanization techn iques, and the field for specialized rubbers is aheady 
beins narrowed. O n  the other hand, some o f the specialit>' rubbers, such 
as neoprene, b u ty l, and  the poUnirethanes, are being compounded to have 
a degree o f  versatility  that m ay place them in the general-purpose category.

It m ay w e ll be that in  the future (19 70  or 1980) there will be a half- 
dozen general-purpose rub b ers supplemented by a half-dozen specialit)' 
rubbers that, together, w ill cover the entire range o f useful qualities for 
which elastic m aterials are needed. T h at will not come about, however, 
without the creation o f  n ew  elastomers and a great increase in the number 
under ctm im ercial test and use. T h e  speciality rubbers will find use in 
limited quantity' to perform  specific duties. T h e general-purpose rubbers 
wil) compete p rim arily  on  the basis o f  cost, consisting o f relative produc­

tion cost, com pounding cost, and replacem ent cost.

------.g European Usage o f  Synthetic Rubbers

A  rapid sh ift is taking place from  the long-established natural rubber 
to synthetics even  in countries such as G reat Britain that have enjoyed the 
profits o f  plantation rubber. The Oil, Paint and Drug Reporter (1958) 
sm cs that A . J .  P ickett, editor o f  Rubber and P k m c  Age, reported that 
natural rubber is bein g  replaced in m any applications by a s>-nthetic or a 
plastic, or b y  a com bination  o f  the two, and that this change is even more 
■■apid in E u ro p e than  in the U n ited  States. Pickett mentioned particularly 
^he flam e-resistant conveyor beltin g used in mines. In B ritain, after the 
terrible C ressw ell co lliery  disaster în 1950, when eighty men lost their 
1‘VCS, the G o vern m en t laid  down a regulation that all new conveyor belts
for the m ines had  to be m ade o f  flame-resistant P V C *

Jn 19 57 , about 85 per cent o f  the belting in use m Bruam  m the mines 
made o f  P V C , about 8,000 tons o f P V C  being used per year to replace 

somewhere aroun d  7,000 tons o f  natural rubber. Pickett pointed out t at 
France and G erm an y , neoprene rubber is used in ilame-reststant

•  P V C  is j  p lastic, polyvinyl chloride.



beltin'' and the natural ru b b er in hosm g is  being replaced bv 
S -rc s is ta n t sy nthetic rubbers and b y  P V C  In  cable insulation, one o f the 
most important outlets for natural rubber m  E u ro p e m  the past, synthetic 
rubber P V C  and polvethvlcnc, have alm ost entirely supplanted the 
natural product bccause o f  advantages in resistance to moisture, ageing, 
oils and fire as well as superior electrical properties. In  recent years, 
considerable ’inroads have been made into tlie European foam-rubber 
market bv flame-resistant neoprene and P V C , and by the polyurethane 
foams which can also be rendered flam e-resistant. N atural latex that is 
used in the manufacture o f  bonded fibre fabrics or non-w oven te,«iles, 
m av eventually be replaced b y  Ham e-resistant synthetic bonding agents^
narticularlv where there is a lire hazard.

It has 'been noted that the physical and chem ical characteristics of 
natural rubber can be altered m aterially b y  ‘ g raftin g ’ o 'h er chemical units 
onto the rubber molccule. I t  has also been possib le to alter the character 
o f the final product b y  blending natural ru b b er with various synthetic 
rubbers and plastics in  com pounding. T h e  natural rubber-synthetic 
rubber-plastics relationship is com plicated b y  the very  considerable 
field o f overlap covered b y  these rap id ly -develop in g  blending processes.

A n  important group here arc the high-sr>'rene-butadiene co-pnlymcrs 
used chiefly as a replacem ent fo r leather in  shoe soleing. Rubber and 
polyethylene are used in  blends. B u ty l ru b b er is added in the ratio of 
about 5 per cent to cable coverings such  as those used lor transatlantic 
teleplume cables. T h e  Eu ropean  plastics industries have shoBTi great 
interest in rigid rubber-m odified resins as developed in the U nited States. 
High-polystjTene m oulding pow ders are rep lacin g  conventional, clear 
polystyrene in m any applications. S ty T e n e-b u ta d ien e-ac ry lo n itrile  co- 
polj'm er blends have been adopted in E u ro p e and  arc being manufactured 

in Germ any.

Cost as the Prime Factor in Future Competition

T here is already a recognition in plantation circles that future competi­
tion between natural and synthetic rub b ers w ill be prim arily on cost. 
T h e  Natural Rubber News (19 58 ) quotes H . T .  K arstcn , a director o f t̂ hc 
U nited Baltic Corporation and chairm an and d irector o f several other 
M alayan companies, who stated ; ‘ S o  long as the price ot natural rubber 
is above that o f  synthetic there is an inducem ent to ihe maiuitacturcrs to 

use synthetics,’  . . _
In  spite o f m any argum ents and extensive calculations, w  one is ab t 

to place a valid over-all figure on the cost o f  raising natural rubber, - 
director o f  the A nglo-A m erican C orporation  was quoted in the ear!\ par 
o f  1958 as believing that efficient large estates have operating costs ojj 
low  as S M  0-38 to m  0-40 *  per lb . o f  R S S  i {tirsr-qiiality ribbeii

• $ M  =  o-33 SU .S.
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smnkea sheet). H e  stated that at prices o f SM  o-6o, or over, these estates 
a satisfactory profit. Sm aller and less efficient estates have costs o f 

?M 0-50 to S M  0 '6 o  p er lb. and are the first to complain when prices drop 
There is a  feelin g  that a price o f  around $M  0 7 5  gives a reasonable 
profit to producers o f  natural rubber and gives a satisfacton- competitive 
p osition in  relation  to existing t)-pes o f synthetic rubber. On the other 
land, one o f  the m ajor producers o f natural rubber in another area is 

reported to be p lacin g  ru b b er in N ew  York at an over-ail cost o f 9 U .S . 
cents a pound, w hich  am ounts to less than half the production cost 
estimated for the less efficient estates in Malaya,

Risdon &  F o n seka (19 57 ), in anticipation o f a future estimated New 
York com petitive p rice o f  S U .S . 0-20 per lb., assume that Ceylon must be 
prepared for a  fu tu re  selling  price o f  85 ccnts *  (Q ylon) per lb. Large 
estates m ust attain  annual y ields o f  693 to 8 10  lb. o f rubber per acre 
while sm allholders, w ith  low  overheads, need annual yields o f 529 lb. o f 
rubber per acrc, to m eet this price. Assum ing that 25 per cent (if the 
322,985 acres o f  estate ru b b er and 336,262 acres o f smallholdings [Rubber 
Statistical Bulktin^  M a y  195H) were out o f tapping because o f obsoles­
cence or im m aturity, reported  yields o f 79,660 and 18.504 hmg torts of 
rubber, resp ective ly , represented 737 and 164  lb. o f rubber per acre. 
The sm allholder rate o f  16 4  lb. o f  rubber per acre would be unprofit­
able even at 13s; cents (C eylon) according to T able 2 o f Risdon & 

Fonseka.
Replanting w ith h igh-yield in g  clones m ay contribute more than any 

other single factor to reduction  in tJie cost o f  producing natural rubber. A 
tapper can handle as m any h igh -peld in g  trees as he can low-yielding 
trees. I t  is possib le for an individual tapper to produce double the rubber 
now being obtain ed , w ith  no increase in labour other than that involved 
m taking the addition al w eight o f  latex to the estate tactor>'-and the 
provision o f  overhead  trolley w ires in L iberia has already pointed the 
way to so lving this problem . T h e  planting, care, and other feamres ot 
plantation m anagem ent arc not increased. T h e plantation factory costs 
are related d irectly  to the am ount o f latex handled, and would he in­
creased in direct proportion  to the increase in production. Increases in 
efficiency and h igher-vield intr phmtations wil! undoubtedly be aecompaiued 
by increases in  w ages. T h e  increased prodaccivtty o f the individual 
workers w hen handling h igh-yield in g  trees could more than compensate 

for the increased labour costs. . , 1 k .
T h e cost o f  producin g general-purpose synthetic rubbers ma\ a so t 

decreased. H ere , also, increasing wages m ay tend to offset 
im provem ent; b u t labour costs are not as important m factorv opt . 
as they are in plantation operation. T apping a rubber ir tc  is a 

Operation: there is no m ilking  machine for trees!

•  SCcylon (Rupee) -  0-21 S l'-S .



lijPANSlON O f l-El)l.LCTION 1-AClLirilVS TO M E tT  

iNCKEASB) CONSUM PrrON

T h e  ibilitv m  expand s .)u r« s  « f  supply co m eet m crcasing demand is

1  ctm trolline'factor Before the
devdopm eM  o f  svnthetic rubbers, expansion in the coasum ption  r,f rubber 
was first dependent on intensified exploitation o f  w ild sources o f  r u b b e r -  
a relativelv expeaiivc o p era tio n — and then, later, on the relatively slow 
expansion o f plantation production. G reat elasticity m  the demand for 
rubber and relativelv little elasticity in the so urccs o f  ru bber, led to high 
prices when demand w as high, and to a considerable tim e-lag in the 
reflection o f high prices in increased production. Sustained demand led 
to an enormous expansion o f  the ru b b er plantations during the first

three decades o f  this centu^J^ , • , j  , ,
N ow  tliat acceptable grades o f  sjTlthetic ru b b er can be produced by 

standardized processes, increases in production  can be m ade as rapidly as 
the capital expenditures can be justified, authorized, and Iranslated into 
factories and facilities— a m uch shorter period than is required to trans­
form a seed into a m ature, ru bber-prod u cin g tree. A  single year of 
comntercial and industrial developm ent m ay equal h a lf a  decade of 
agricultural activities in the developm ent o f  rubber-producin g fecilities. 
T h is, more than any other factor, w ill determ ine the proportion o f natural 
and synthetic rubbers used in  the m anufacture o f  com m ercial products 

in 1980, for example.

Expansion o f  Plantations
A  m ultifold increase in s>'nthetic ru b b er production  in line with a 

continuing increase in the rate o f  ru b b er consum ption, does not nppear 
nearly so difficult o f  attainm ent as a  doubling  in natural rubber produc­
tion. T h e  Rubber Statistical Bulletin  o f  the I lUcrnatiomil S tu d y  Group for 
February rgsS , estim ates the total acreage o i p lantation rubber throush- 
out the world as 1 1 ,2 10 ,0 0 0  acres. W orld  p roduction  o f  natural rubber m 
1957 is estimated at 1,892 ,500  long tons, or an  average ot only 37̂  ̂ ol 
rubber per acre for the entire planted area, ' i ’ here is now a large acrcage ot 
clonal rubber w ith com paratively h igh  y ie ld , but the pred<iminaiit acreage 
o f  rubber trees consists o f  unselected seed lin gs w ith m ean yields bc■ln̂  ̂
that qu(jted as the over-all average. T h e re  are , o f  course, consideniblc 
acreages that have been replanted and that have not come ijito lull 
bearing. I f  rubber plantations are to continue im a sound, healihy pro­
gram me o f expansicm, all future estim ates o f  p roduction  w ill need u> make 
allowance for high proporiion.s o f  im m ature trees. I 'h e  existing acrcagc 

m ay be expected to yield  m ore ru b b er as the yo u n g  trees come int‘> 
bearing. On the other hand, in creasing y ie ld  o f  the m aturing areas ma> 
be somewhat counterbalanced b y  decreased production  o f  obsolescent 
p lantings and areas taken out o f  production  for replanting. R isJon



Fonseka ( ig S ? )  assum e that at any one time some 25 per cent o f the 
planted acrcagc w ill be out o f  tap because o f immaturity, or will be 
vielding at an  uneconom ic rate.

Expansion o f  Production Facilities fo r  Synthetic Rubber

The expansion o f  facilities for the manufacture o f synthetic rubber is 
going forw ard m uch  m ore rap idly than the expansion o f plantations, 
^ o u n c e m e n t s  h ave been m ade o f the construction, or plai^ for the 
construction, o f  new  factories fo r tlie production o f synthetic rubber m 
France, G reat B rita in , H ollan d, Italy , N orthern Ireland, Russia, Scotland, 
and \Vest G erm an y . E ach  o f  the new factories will have an annual capacity 
of from 5,000 tons to 60,000 tons o f  rubber. T h ey  include chiefly S B R  
t\-pes o f  ru b b er, b u t also butyl, buna, perbunan, neoprene, and other 
speciality types.

In  R u ssia , it h as been  stated that synthetic rubber is now being pro­
duced in factories in  seventeen different places, and that by i960 the 
total capacity fo r  p roducin g synthetic rubber will reach a level o f 800,000 
to 850,000 long tons p er annum . I t  is clear that the capacity o f the world 
to produce ^ t h e t i c  ru b b er is being expanded rapidly, and this rate o f 
expansion m ay b e  expected to continue as long as there is prospect that 
consumption in creases w ill continue at a rate comparable with those now 
being experienced.

N ew  facilities now  being developed are predominantly for the pro­
duction o f  gen eral-purpose rubbers, for which there is a good assurance 
of continued dem and fo r a sufficient period to amortize the cost o f the 
facilities. In d iv id u a l t>'pes o f  general-purpose rubber are subject to severe 
competition not o n ly  fro m  natural rubber, but also from new sNTithetic 
rubbers that are  un d er experim ental test or that will be found in the fu tile . 
The demand fo r the specialitv' rubbers is much more difficult to predict, 
and the fu ture com petition  am ong them may be even more intense.

R e s e a r c h  F a c i l i t i e s  

Science in Industrial Development
Usage o f  ru b b er has doubled  and redoubled during the first half o f the 

twentieth centun^ because o f  the economic and industrial progress o f t*e 
«-orld. R u b b e r has fitted  into this economic expansion because ot the 
speculative u rge that has circulated throughnut the world— to dc^t op 
and increase the sources o f  natural rubber, to supply machmer>' ana 
equipment fo r  the m anufacture o f  svnthetic rubber, and to utihze me 
natural and synthetic rub b ers in the fabrication o f ariides adjusted to me 

a<ivancing teclmol(»g\-. , ^
W hile the p ro fit 'm o tiv e  has been largely responsible for this phen­

omenal expansion, it a lone, even though acconipanied by the utmosr . 
«^ergj-, could  n ot h ave  succceded uithout the use o f vast resources



scientific skill iin J concenttatcd rcscarch cITort. T h e  rubber industry, 
to m  plantation through to finished goods, ts a m onum ent to the union of 
commercial, industrial, technical, and scientific efforts 1  he future o f the 
industn' m ay « e ll be determined h y how w ell these skills are combined 
and utiiized in the coming years. T h ere  is no saturation point ,n sight in 
ihe usa-'e o f  rubber. E ach  new invention and advance m technology has 
increased rather th ra  decreased the need fo r  ru bber. L im itation in the 
e .™ n sio n  o f its usage can com e only through the failure o f techmcal and 
research effort to develop properties to m eet each new  dem and, or o f the 
rubber industry to increa.se sources o f  su p p ly  to m eet the iiracased 

demand.

Science in Plantation Drcclopment
M erely planting greater acreages o f  ru b b er trees, or constructing more 

factories for the production o f  synthetic ru b b er, is not the answer to 
fulfilling increased demand in the future. G reater y ie ld s are possible from 
existing plantings through the im provem ent o f  tree response— by 
nutrients, bark stim ulants, and im proved  tapping scquenccs. The 
majority o f  the trees on existing plantations are unselccted ‘ seedlings’ 
with poor gro>\th characteristics and in ferior yield. Im proved seedling 
and clonal selections arc available fo r use in  planting new  areas, or for 
replanting existing areas. T h is  p lanting m aterial is not universally 
adaptable and, for best resuhs, m ust be selected and  proven for particular 
conditions. Variations in so il, rain fall, tem perature, and disease, contnjl 
the selection o f  new clones or seed stocks. I t  is probable that the best 
the present clones will be superseded b y  new  clones witli greatly superior 
yield, better bark characteristics, and h igher levels o f  resistance to the 

known diseases.
T here is, at present, a greater lim itation in human populations 

capable o f caring for rubber trees than  there is in land capable o f nur­
turing rubber plantations. W hile tropical areas suited  to the cultivaiion ol 
rubber are not unlim ited, the hum an resources are re ia iive ly  m uch more 
limited. M ajor increases in rubber production  on  plantations must cimie, 
to a great degree, b y  increasing the output o f  the hum an elements through 
increased yields— so that each in dividual can produce hundreds nf pounds 
o f  rubber instead o f  tens.

T h e character o f  the plantation product m ust be im proved to keep 
pace with carefully prepared chem ical rubbers. T.Mraneous impurities 
m ust be rigidly excluded and the character o f  ihe ru b b er hydrocarbon 
itse lf im proved, or altered, in any suitable m anner to m eet new demands 
or improved characteristics o f  com peting products.

The Scientific Knowledge o f  Rubber
M ere ly  doubling the production o f  present grades and t\ pcs ot 

synthetic n ibber w ill not m aintain a m axim um  rate o f  expansion in



fiitiirc tisc o f  chem ical rubbers. T h ere  are already too manv synthetic 
rubbers, a n J m an y m ore w ill be creatcd and tested before radical weedinc 
out will be forced (*n the industry— to eliminate those with such limited 
usefulness that th ey can no longer be produced economically even for 
hiĝ hly specialized usage, i f  a  n ibber with greater adaptability can be
substituted.

The future o f  ru b b er production, both natural and s>Tithetic, depends 
to a great degree o n  the scientific effort put into fundamental rcwarch on 
fthal rubber is, and on the chcm ical and physical factors that constitute 
elasticit)'. T h e re  m u st be production research o f an increasingly high 
quality and scope, gearetl bf)th to advancing fundamental research and to 
industrial techn ology. K n ow led ge is needed, among other things, on 
the bios>Tithesis o f  natural rubber, on its structure, on the relationship 
of structure to physical properties, and on how the stnicture can be 
improved either before or after tapping. T h e  relationship between natiu-al 
and s>Tithetic po lym ers and their chemical structures needs to be deter­
mined. T h e  changes brought about by vulcanization are only impcrfcctly 
known, as are the basic factors in compounding. The precise comparison 
of natural and syn th etic  rub b ers will only become possible as knowledge 
is gained— n ot o n ly  o f  the structural changes in the rubber molecule 
during vulcanization and  ageing, but also o f the basic relationship of the 
rubber and n o n -ru bb er constituents o f  the mix.

Plantation Research

Natural Rubber N e m  (i958(i) reports a radio press statement by 
S, N . K in g , retirin g  C hairm an o f  the Rubber Producers Council o f 
Malaya, on 27  F e b ru a ry  1958 . K in g , in conjunction with a valuable 
Siiramary o f  the present status o f  the plantation rubber industry', states;

There is, I  believe, a need for some clear thinking un research. Gjmparisons 
are made between the amounts spent on research, on synthetic and on natural 
rubbers. It should be remembered that the aim o f synthetic rcscarch is to 
producc .something like natural rubber from any of an infinite number of 
ingredients; we already have what they arc trying to make and so our field 
of research is much narrower.

T h is attitude is nor unique and represents a great weakness ot many 
iwders o f  the ru b b er plantation industry who fail to understand the 
advances that h ave been m ade in rubber synthesis. T he conclusi<m is 

justified as, in general, research on s\-nt'hetic rubber is directed not 
tow-ards rep rodu cin g  o r sim ulating natural rubber, but towards producmg 
f^aterials su p erior to natural rubber. W hile the versatility ot natunii 
^b b er has n ot ve t been m atched, synthetic rubbers now have superior 
qualities in the w a v  o f  oil-rcsistance, resistance to oxidation, and non- 
?ammability, tliat m av result in a permanent p r e f e r e n c e  for synthetics 

the f u t u r e ~ i f  m(,re fu n d am aita l research is not put into improvmg



,hc n m lto  o f natural rubber in those impc.rtant charac.eristics Market 
I m le s  O fnam ral rubber are greatly .n fer.or m  p u n ty  and deanbness to
m m o e tim e ra Je s  o f  synthetic rubber.

Few  tropical crops have better or m ore adequate rcseard , guidance 
than the rubber plantation industry. A  source o f  great strength, but at 
^ s a i n e  tin.e a niajor source o f  w eakness m  the research set-up is the 
fact that support and control are largely in the hands o f  practical planters 
wlio p r o v i d e  space for m any o f  the experim ents and take enthusiastic 
L terest in appH'ing the results o f  currem  research. T h e ir  support and 
assistance in the'testing work stretch the available funds and make possible 
the quick application o f  research findings. T h e ir  interest is instrumental 
in a .iu rin g  adequate financial support to keep the research work going, 
and their active collaboration keeps tlie research w orkers in touch with die

nn>bleins o f the planters. • , ,
A  difficulty o f  the active, interested su p p ort o f  practical planters is 

drat immediate aim s are em phasized to the exclusion  o f  fundamental 
studies that are not d irectly related  to cu rrem  prob lem s. This is chronic 
in agricultural research in m any 1-ands and is certain ly not confined to 
the rubber industr>'. O n the other hand, the fu tu re  o f  the rubber planta­
tion industry m av depend, in large m easure, on the degree to ^ Jic h  
producers o f  natural rubber are able to m eet the threat o f  synthetic 
competition b y  the production o f  new , superior t\'pes o f  natural rubber. 
Future costs o f production m ay depend on havin g  and  utihzmg lunda- 
mental knowledge o f  the ph ysio logy o f  the tree, in cluding the chemical 
and physical processes in volved Avithin the latex system  in  the transforma­
tion o f precursors into ru bber, in the form ation o f  the precursors ot 
rubber, and in d ie translocation o f  those precu rsors to the seal o f rubber 

synthesis.
T h ese  answers are not to be obtained m erely  b y  study in g the nutrition 

o f  the plant, or even through the detailed stu dy o f  tapping methods. 
Fundam ental studies are needed on  the liv in g  processes w ithin the plant, 
on how and w liy rubber is form ed, and on the physiological nature o 
tlie response to tapping and stim ulation , and o f  resistance to disease. 
Such studies m ay not lead to im m ediate increases in y ield  or decreases 
in  cost. T h e y  m ay req uire years o f  costly research w ithout significant 
p i n  in plantation techniques. B u t th ey are im portant in the Itmg-range 
mcrease in  rubber production. N eg lect o f  them  m ay represent t ie  
Achilles’ heel o f  natural rubber. 0 )m parable fundam ental research in 
high-polym er cliem istry is under W'ay in  m an y countries and assures t it 

future o f  synthetic rubber. c W h
In  the producing areas o f  the E ast, research  institutions o f a nig^ 

order o f cf)mpetence arc m aintained in  C eylo n , M alaya ,
V iet-N am . Each  o f  the institutions m aintains p u b l i c a t i o n  facilities, 

fo r technical articles and fo r farm ers’ in form ational leaflets. The) 
active in  expansion w ork and are strong in  local farm  leadership, i  he)



i „  develop in g and testing new cbnes, in improving tappin? 
* ;t K o * ,  in the stu d y  o f  cover and ratcll-crops. in phntjti,m  m a n V -  
Btnt, in plantation sanitation, including the control o f pests, weeds and 
diseases, and in  m ethods o f  im proving the quality o f plantation rubber 
I'hcse institutions have attracted and utilized the services o f outstandins 
o ien -B . J .  E ato n , O . de V n e s , W . Bobilioff, P. J ,  S . Cramer N  L  
Swart, A . A . L .  R u tg e rs , T .  Fetch , and A . Ste in m an n -ju st to ’name a 
fm- at random , and  even  at the cost o f leaving out many whose contribu­
tions have been eq u a lly  great. T h e  institutions are manned today bv 
outstanding sc ientists, w h o are adding to the knowledge and improving 
the practices o f  ru b b e r production.

Ceylon. T h e  R u b b e r  R cscarch  Institute o f Ceylon (R R IQ  is located 
3t Dartonfieid E sta te , Agalaw atta, and is supported primarily by an 
export tiU on ru b b er. Oidium  le a f disease has been a controlling factor in 
the work o f  the Ini^ntute, and the e ffe a iv e  control o f that disease repre­
sents an outstanding contribution o f  the Institute. During World War II, 
Cc)Hon was a  m ajor continuine; source o f free-world natural rubber and 
die Institute took the lead in developing tapping s\'stems designed to 
obtain a m axim um  yie ld  o f  latex. T h e  lastitute is alaD active in research 
on manuring, on  the use o f  cover-crops, and on the preparation o f rubber, 
anJ it has an active sm allholder advisory service.

T he researcK  fin d in gs o f  the Institute are published in annual reports, 
quarterly circu lars, and occasional bulletins. In  addition to these, 
advisor)’  c ircu lars arc  issued to keep local planters informed regarding 
recommended practices in  the cultivation, tapping, and preparation of 
rubber. T h e  R u b b e r  R esearch  Institute o f Ceylon has interchanged 
kigh-yielding clones w itli the R u b ber Research Institute o f Malaya and 
other research gro u p s in the East, and has organized a new breeding 
programme to conibinc not t>nly the best qualities o f the Eastern clones, 
but also to utilize the breed ing m aterial that has been developed in the 
^\estern H em isp h ere. T h is  m aterial includes not only tiie clones im­
ported b y  the R u b b e r  R esearch  Instim te o f Malaya, but also new clones 

and breeding m aterials that w ere nut in the original exchange.
Indonesia. R u b b e r  research is strongly entrenched in IndonK i^ 

where the G en era l O rganization o f  Planters in East Suiiutra (A\T1 0 S) 
and the F ou n d atio n  Indonesian  R ubber Research Institute (IN IR O ) both 
conduct agricu ltu ral and processing research that lo<iks towards the 
‘fnprovement o f  ru bber-prod u ction  techniques and the production ot 
Wgh-quulitv ru b b e r in Indonesia. T h is  Institute has been co-operatmg 
fciively on prob lem s connected w ith the production o f dassihed rubber, 
has taken part in in terchanges o f  high-yielding clrmes, and is conducUnt 

undamental stu d ies on the constituents ot latex. (rxiV \ n
rhrough the C en tra l A sso d atio n  o f E xperim en tal Stations ( U  \ )  

i>)akarta-Kc)la, th e  Archives o f  Rubber C u ltivu tm  is published as 
o f the research  o n  ru b b er in Indonesia. This pubhcaiion succeeded



and am tinucd the work o f the A rch ie f voor de R M cn -u ltu u r  m NeJir- 
Z d s c h - M k - ^  series which w as started m  . 9 . 7  » d  rep rcse its the 
L t  valuable existing contribution to rubber cultivation. Ih ro u gh  its 

naees one m ay obtain acquaintance w ith  the research that has been the 
L ientilic  basis for the plantation in du stry  as it exists t o d a y - n o t  only m 
Indonesia but ^vhe^ever plantation rubber is produced .

\U U w  T > «  R i* b « r  Rescaxch Institute o f  M alaya (R R IM ) «  
located at KuaUi L u m p u r and is supported m am ly b y  an export tax on
rubber A n  o u t s t a n d i n g  contribution fro m  recen t w ork o f  this Institnte has

been the developm ent o f  the R R I M  5° °
These clones have resulted from  breeding operations and detailed 
growth and tapping tests at the station and  on plantations o f co-operating 
n lm ters T h is Institute has also taken d ie  lead in  an interchange of 
Eastern high-yielding clones fo r  disease-resistant clones developed in the 
Western H em isphere. T h is  interchange o f  clones w ith the W est has also 
led to an interchange o f  superior clones w ith  other research institutions 
o f the East, and to the developm ent o f  com prehensive breeding prri- 
grammes that m av be expected to resu lt in the developm ent o f hardier, 
healthier, and h igher-yielding clones or h yb rid  typ es that can be grown as 
‘ seedlings’ . T h e  R ubber R esearch  Institute o f  M alaya  has developed 
Superior Processing R u b ber and has taken a lead in  the production of 
Classified R ubber. It is outstanding in  its research on cultivation tech­
niques, disease control, tapping m etliods, yie ld  increase by means of 
growth stim ulation b y  fertilization or by stim ulatin g  bark activity chemi­
cally, and also in its close co-operation w ith  grow ers to translate research 

findings into planting techniques.
In  addition to technical articles that appear in thejaiinwl «J llw Riil’kr  

Research Institute o f  M alaya, the Institute issues ad visory information in 
the Planters' bulletin. A ccord in g to N atura l Rubber Netrs (195H/’ ), R R IM  
has recently established a sm allholders’ college in  N egri Scm bilan , w here 
a one-m ontli extension course is offered to show  sm allholders the best 
methods o f p lanting rubber and  o f  selecting planting material. Ihe 
one-month course costs the sm allholder S M  50-00 (about SU..S. 
and has proved so popular that other centres are planned elsewhere.

Viet-Nam. T h e  In stim t des R cch crch es sur le t'.aoutchimc en 
V iet-N am  is located at Saigon  and is active in all phases o f  plantauon- 
rubber production research. A n  outstanding contribution of this Instiuitc 
w'as in  Ic^ading the developm ent o f  classified ru b b er. 'I’ he original classih- 
cations suggested by this Institute w ere accepted and  used by the "th a  
in stitutes and organizations involved in  the protluclion  and sale o f classi­
fied rubber.

T h is  Institute has been active in stu dy in g  the physiologj' " f  rubber 
form ation and has contributed to the kn ow ledge o f  latex-llow .stimulation 
— both by m eans o f horm ones and bark treatm ents, and b y  adjustment 0 
tapping schedules to provide periodic intensified tapping.



Its findings are pub lished  in annual reports, technical bulletins and 
miscellaneous bulletiru^ I t  issiics planters’ advisory leaflets and is active 
in encnsion activ ities b o th  w ith  estates and amonv smallholders 

T h e  I n s t i t u t e  i s  conducting an active breeding p r o g r a T n m e  and has 
incerchanged c loncs w ith  R R I M - g e t t in g  not only the best o f t k  R R IM  
clones but also o f  those fro m  t h e  W est that are being used primarily to 
obtain disease resistan ce . T e sts  are under way on plant improvement 
through vegetative se lection  a n d  also sexual propagation and selection 
M ethods o f m akin g y ie ld  tests at an early age are being studied, to facili­
tate th e  identification o f  potential high yielders for immediate use in the 
breeding program m e— w ithout the necessity o f having to wait some five 
to ten years fo r adequate evaluation by tapping.

Synthetic Rubber Research

T he creation and  developm ent o f new synthetic rubbers have been 
[jrgeiy in the h ands o f  industrial Cf)rporations. During World War II, 
all facilities fo r research  on synthetic rubber in the United States 
were pooled u n d er the direction u f the Government. After the end of 
the war, the syn th etic  ru b b er factories were sold to indu.str)’’, and com­
petitive research soon took over to replace chat formerly c<mductcd by the 

Goveniment.
Research in the field o f  synthetic rubber is divisible roughly into three 

fields, nam ely, the search  fo r  new  polym ers, the development o f production 
facilities, and the stu d y  and testing o f  compounding, vulcanization, and 
fabrication techn iques. G iivernm cnt laboratories in England, France, and 
the United States, contribute to the comparative testing o f the new rubbers 
—particularly in  the developm ent f>f rubber specifications such us those 
for the A rm ed  S erv ices in  the U n ited  States, ^^hich are handled by the 
Bureau o f S h ip s  or th e  A rm y  O rdnance Laboratory. T he Natirinal Bureau 
of Standards o f  the U n ited  States Departm ent o f Gim m erce is a leading 
institution fo r the sc ientific  testing o f rubbers and rubber compounds 
of all types, as part o f  its basic responsibilit)- for developing specifications 

for the use o f  the U n ited  S tates Governm ent.

^igh-polymer Res,earch
T he basic stu d y  o f  natural and synthetic rubber with respect to 

‘'hemical structure and structural ch;inges lies in the cumparativel\ new 
field o f h igh -p olym er chem istry. A ll developments oi new s^ it etic 
rubbers in volve the use o f  stmie o f  the principles o f high-pol\-mer chem- 

and th is sc ience is used extensiv cly in the research laboraioru^ ut 
the large rubber and in dustrial com panies interested in rubber s>nt esis. 
^M dam ental research  in this field, how ever, is done chiefiy m universities 

the U nited S tates and 1-urope. In Russia, such studies are “̂ nductu 
Pnmarilv at the In stitu te  ft>r M acrom olecular C.ompounds in Lenm 

at the In stitu te  fo r  I'Jenien t-O rgan ic Compounds in Moscow.



Lnltcd Slates Government cncourages fundanicntat stuiiies on high 
polvmcrs bv grants throtlf!h the N at.m al Sciencc Koundat.on.

These studies on tlie fundam ental cllaractcr o f  elastic polymers 
involve both natural and svnrhctic ru bber, and seek to determine the 
basic nature o f  d asticiti' and how  polym eric m aterials can be constructed 
to irapirt the desirable characteristics. Som e of the studies involve the 
mechanics o f vulcanization and the role o f  the non-rubber constituents 
o f the compound, as well as the structural changes that take place in the 

rubber.

h terch n g e  o f  In fo m a m n
T h e  capacity o f  an in dustry to p o w  can  also be m easured by the 

num ber and quality o f  its facilities fo r the interchange o f  information. 
T he rubber industry is represented b y  outstanding trade and scientific 

journals.
Trade journals include Rubber Age, N e w  Y o rk , m on th ly; Rubber and 

Plastics Age, London, m ontlil}'; Rubber Journal, L o n d on , v x e k ly ; and 
Rubber World, N ew  Y o rk , m onthly. T h e  Revue Ge'nerale du CaoutchoHc, 
Paris (monthly), is the official organ o f  the associated rubber researcli 
institutes o f  France and V iet-N am . Scien tific  jou rn als devoted solely to 
rubber include Rubber Chemistry and Technology, Lan caster, Pa., issued 
quarterly b y  the D ivision  o f  R u b b er C h em istry  o f the A m erican Chemi­
cal Society ; Rubber Formulary, Bakersfield , C alifo rn ia, m onthly; and 
Transaciions o f  the Institution o f  the Rubber Industry  and Proceedings o f 
the Institution o f  the Rubber Industry, L o n d o n , bound together, and 
published everv m o  m onths. T h e  In stitu tion  o f  the R u b ber Industry 
also issues an annual Report on the Progress o f  Rubber Technology, and the 
D ivision o f  R u b ber Chem isrry o f  the A m erican  Chem ical Society is 
preparing a com prehensive b ib liography on ru b b er that is now complete 

through 19 5 1 .   ̂ , r
Several o f  the rubber and chem ical com panies issue periodicals ot 

considerable m erit covering their own products. T h e  M alayan rubber 
producers m aintain a N atural R u b b er B ureau  in \\ 'ash inglon  that issues 
Natural Rubber News m onthly.

In addition to the official statistics included in the govtrnmcntal 
sum m aries issued b y  various countries, the producin g and consuming 
countries o f the world have organized an International R ubber StuJ\ 
G roup which issues the com prehensive Statistica l Bulktin^  l.ondi'n,
monthly. World's Rubber Position, L o n d o n  (m onthly), has been a !eaJin;r 
source o f rubber statistics for m any years.
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—  Crypto ittgU  r u b b e r  in ,  i j i ,  i j S ,  >^2, 163 
A u x in s ,  i n  h a r d e n e d - o f f  g u a y u le ,  217 
A W O S ,  set G e n e r a l  O rg a n iz a t io n  o f  R u b b e r

P l a n t e r s  i n  E a s t  S u m a t r a  
A z o re s ,  g o ld e n r o d  i n ,  169

B a c k f i l l in g , i n  H r c ia  p la n tin '^ , 185 
B a c te r ia l  r o t ,  o n  g u a y u lc ,  527  
B a h a m a s ,  Cryptostegta in ,  15*1 *53 
B a la n o p b o r a c e a e ,  6 0  
Balanopkora  s p . ,  59 
B a la ta ,  4 ,  z i
—  f r o m  N ig e r i a ,  38
—  sec also Ficus xm^irlii
B a le ,  r u b b e r ,  s t a n d a r d ,  207  .
B a ll ,  r u b b e r ,  b r o u p h t  f ro m  AmcriL-a

D ) l u n i b u s ,  tf)
------- e a r ly  f o r m  o f  c r u d c  r u b b e r ,  12
------- f r o m  I n d o - C h in a ,  4<> ^
------- p r e - C o lu m b ia n ,  16 , ii> .
------ s m o k e d ,  p r e p a r a t io n  o f , 3«>«' ‘ ’■ j ' '* '
B a ls a m in a c e a c ,  6 0  ,  ,
B a m b o o ,  I'm- Lstex c o l le c r io n  4 ? -  FI- .- . - 'J '-  

P I . S 2 ( i ) ,  P I .
—  fo r  la te x  c o a g u la t io n ,  46
D a n a n a  le a f ,  a.-; la te x  c u p ,  40  _
_ _ _ _ _ a s s h e a th  to  p r o te c t  b u d - p a a 'l i .  11- -A N
B a n a n a s  i n t e r p la n t in g  H e ria , P i- 2 9 (a )  
• B a r a b a n ja '.  srr \U scuicnhasta urhoreuffis 
B a rb a d ir s ,  S dfiu m  bippumane i n ,  53

B a rk ,  c o lo u r , 67
—  c o n s u m p tio n  o f , 71
—  c r e p e ,  ^—  c r e p e ,  200
—  re n e w a l o f ,  a f te r  b a rk  s d m u la o o n ,  z o o  
 in  Hevea, 71
—  -— - i n  Hevea c l o n c s ,71
—  te x tu r e ,  H etta , 67
—  th ic k n e s s  o f , i n  c b n a l  t r e e s ,  6 9 ,7 0  
 i n  H erea, 6 7 , 68
----------- i n  r e la t io n  to  k t c s - v e s d  ro w s , 68
B a ru r f i  r e p o r t ,  30 
B a tik , u se  o f  Fitus alba g u m , 43  
B a v t tw n  (s v n th c t ic  r u b b e r ) ,  277 
B D -5  (U n e a  c lo n e ) , 199 
B D - i o  (flevea  c lo n e ) , 199  .
B e e s , p o llin a tin g  a g e n ts  o f  k o k -sa g h y z , 143 
B e lg ian  C o n g o , 32  
B e lg iu m , p o ly su lp h id e  r u b b e r ,  383 
B e lte r ra , B ra z i l ,  82
B e lts ,  e n d le s s  a n d  p o w c r- r ra n sm is s io n , 353
‘B e n g u e la ’ { ru b b e r ) , 310
B e n i  ( r u b b e r ) ,  s «  t i n e  P a ra  R u b b e r
B e n i B o liv ia n  ( r u b b e r ) ,  see F in e  P a ra  R u b b e r
B e n z e n e , see ^ n z o l
B e n z id e n e , 4S a  s u f fe n e r , 2 9 4
B e n z o l, a s  a  fo lv e n t  fo r  r u b b e r ,  i6 S i 302
B e n z o th ia z o le , d e riv a tiv e s  o f , a s  a c c e le ra io ts ,

B c iu o y l  p e ro x id e , in  sy n th e s is  o f  ac ry lic  
r u b b e r s ,  28 3  . ,  o

____ in  sv-n thesis o f  n i i r i ie  r u b b e r s ,  a s a
____ in  v id c a n iz a iio n  o f  s ilic o n e  r u b b e r s ,  338
B e r l in  B o ta n ic  G a r d e n s ,  Ficus se e d lin g s  

g ro w n  in ,  43 
B ird - l im e ,  17
‘B it in a a ’, set Rapkionacme utilis 
B la ck  r o o t - r o t ,  s f f  Xyl^ rja th m u em  
B U ck  s tr ip e ,  see Fkytophikora palm vora 
B la n k e t c re p e , 20 6  
Bletkrodta, ^
__ iQiikinfins D u b .  & E b e r . ,  4 3 , 44
____ r u b b e r  p re p a r a t io n  f r o m , 43
B lo c k s , c r u d e  r u b b e r .  46
B lo w in g  a g e n ts , in  r u b b e r  c o m p o u n d u ig ,  295
B o b b in s , c r u d c  r u b b e r ,  4 6
B o liv ia , 1 8 , 22
_  ru b b e r  p la n ts  m ,  53- 5“ -
-  su b s id iz a t io n  o f  w ild  r u b b e r  co U e c tio o , 29

B o n a ire . C r y f ln l r f a  m ,  152

I S S S - c ,  fo r  c o n tr o l  o f O / i i « « .  . 9 .  
^ r e r s . b a r k . i n  / / « «  p la n ta t io n s ,  191
-  s te m , o n  g u a y u le , u e  AgTomy;:^ vtftns 
B o rn e o , r u b t e r  p la n ts  tn ,  4 6 ,  3 ”
-  r u b b e r .  i^ tllufkhnajirm a  
B o ro n , in  CrypK^itff.!^ la te x ,  158 
_  in  jfu a y u le  i r r ig a t io n  w a te r , 21O

I to tS ^ iS l^  I n s t i tu te  o f  t h e  A c a d c m y  o f  S a c n c e ,

s S , , „ .  o n  s= r f l i" S >  i "
- - o n  g u a y u lc  s e c tilin g s  i n  t r a n s p la n t in g ,  2 2 4  
_ o n  k o k '-sag h y z . 2 4 6

c r u d c  r u b b e r ,  iR ,  a o ,  2 1 , 3 2
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B riJy rrh o d  g ilveo ldU , c a u s ; tu v c  a g e n t  o f  

•c sc h c c h lik i’,  j o  „  o o
B w . i l ,  1 , 2 1 , J a ,  .2 5 ,2 7 , 5 6 . O7. 8 0 , 8 r ,  8 2 ,

8?, Sg, cji, Qi, 100
—  l ik c k 4 w rk e d  in -c s , 67
—  Castilla  r u b b e r  p m d u c d o n  i n ,  z i ,  100
—  ^ s e a s c s  o f  Urct-a  in ,  jS g
—  tir s f  p la n t in g  o f  Ifevea  in ,  J 5 ,  (>2
—  f ir s t o v c r - b u d ii in g  o (  Hevea  f o r  r c s is la n c c  

t o  ievif b l ig h t ,  83
—  h o m e  m a n u fa c tu r e  o f  c r u t ic  r u b b e r  

a r r ic lc s , a
—  in s e c ts  o n  H n  <a in ,  191
—  in r e r s p c d l ic  h j 'b r id s  o f  Hn-ita i n ,  86
—  n a tiv e  m e th o d ' o f  c o a g u la t io n  in ,  2 6 , 27 
 o f  ta p p in g  in ,  z6 ,  6 2
—  n e w  p e r m -p la s n i  o f  H n v ti  i n ,  81
—  n o  la  IV a g a in s t  t h e  e x p o r t  o f  W ic k h a m  s e e d ,

—  p 'k n ia r io n  a c rc a g e  in ,  32
—  ru b b e r  c o n s u m p t io n  i n ,  3 7 6  
 p la n t in g s  in ,  82
------- p la n ts  in ,  3 3 , 5 1 , S4 » S<>, 37 , 6 3 ,  9 4 ,9 8 ,

153 . 303
------- p ro d u c t io n  in ,  31
--------------- ,  f r o m  llancarnia speciosa, 57
------- s h o e s , 287
------- v a lo r iz a t io n , 22
—  s u b s id iz a t io n  o f  w ild  r u b b e r  c o l le c t io n ,  29
—  sv n tfa c tic  r u b b e r  c o n s u m p t io n  i n ,  2 7 4  
B r io s h  E a s t  A fr ic a , C rypiostfgia  i n ,  152
—  G u ia n a ,  r u b b e r  p k n t s  in ,  5 2 , 5 3 , 1 5 2 ,1 5 3
—  H o n d u r a s ,  r u b b e r  p la n ts  in ,  (j8 , 1 5 2 , 153
—  M u s e u m , 93
—  N o r t h  B o r n e o , 14
----------- p b n t a i i o n  a o r a g e  in ,  32
B r i t t l e  p o in t ,  32S 
Brosmiirn s p p . ,  u s e  a s  f o o d , 303  
B r o w n  b a s t ,  o f  Hevge, 7 0 ,  193 , jg f i ,  198 
------- s u s c e p t ib le  c lo n e s , 1 9 3 , 11)4
—  rr> o t-ro r, see Fames lamaemis 
B ro w n ia n  m o v e m e n t,  o f  l a te x  p a r t ic lc s ,  3 0 4  
B r u n e i ,  14
—  p la n ta t io n  a c rc a g e  in ,  3 2  
B u d - p a tc h ,  P I . 2 5 ( a ) .  P I . 2 5 ( i ) ,  P I . 2 5 ^ .

P i . 2 7 (« ) . P I . 2%b)
B u d d in f t  o f  H evta , sea H n  ta . b u d d in ic  
B u d w o o d ,  P i . 2 5 (a )
B u g s ,  p la n t ,  o n  f u a y u l c ,  see ly g v s  s p p .
B u n a  ( sy n th c c ic  r u b b e r ) ,  in  G e r m a n y ,  7 2 2
—  !S' ( s y n th c i ic  r u b b e r ) ,  see N i t r i J e  r u b b e r  
- -  S  ( s p t h e t i c  r u b b e r ) ,  p e rm e a b i l i ty  a n d

d if f u s io n  r a te  o f , 326  
B u r e a u  o f  A ^ c u l t u r a l  a n d  I n d u s t r ia l  

E n g in e e r in g ,  see U n i te d  S ta te s  n c p a r t m c n t  
o f  A ^ n c u l tu r e

—  o f  S h ip s ,  le t  U n i te d  S ta te s  D e p a r r m c n t  
o f  D e fe n s e

—  o f  I ' l a n t  I n d u s t r y ,  SoiLs, a n d  A g r ic u l tu r a l  
K n u in e e r in f t ,  w  U n i te d  S a t e s  D e p a r tm e n r  
o f  A g r ic u l tu r e

B u r l a p ,  f o r  k o k - s a p h y z  b a le  c o v e r in g ,  2^ 7  
B u r m a .  14
—  o r i j r in a l  d e s t in a t io n  o f  W ic k h a m  s e e d  6^  

64
—  p la n t a t i o n  a cT cage  i n ,  32

B u r m a ,  r u b b e r  p la n ts  in ,  4 4 ,  4 5 ,  46  
B u r n in p ,  in  p l a n t in g  Jlc v ea ,  iS.s 
B u ta d ie n e ,  6
----- a tr j 'lo n iC T ik  r u b b e r ,  r e s is ta n c e  to  ab ra ­

s io n ,  3 2 7
—  c o n s t i t u e n t  o f  G R - S ,  3 0 ,  2 7 4 , 375
—  p o ly m e r iz a t io n  o f ,  2 8 5
—  re c o v e ry  o f  u n u s e d ,  27Q
—  s p o n ta n e o u s  p o ly m e r iz a t io n  o f , 278
—  s t r u c tu r a l  f o r m u la  o f ,  275
----- stN Tcne r u b b e r s ,  r e s i s ta n c e  to  o x id a tio n ,

3 2 7
—  u s e ,  i n  b u t ) ’l- l ik e  p r o d u c t s ,  2 7 6 , 282
------- i n  g e n e r a l - p u r p o s e  r u b b e r s ,  2 7 5 , 278
------- in  n i t r i i e  r u b lK r s ,  2 7 b ,  2 8 1 , 282
------- i n  s y n th e t i c  r u b b e r s ,  2 7 4 , 275
B u ta p r e n e ,  2 7 7
B u te n e s ,  n o r m a l ,  im p u r i t i e s  in  iso b u ty lc n e ,

2 8 2
B u ty l  (sv T ith e tic  r u b b e r ) ,  277
—  d e f in i t io n  o f ,  276
—  g r a d e s  o f ,  283
—  h y s te r e s i s  o f ,  321
—  in  a b r a s io n - r e s i s ta n c c  te s t s ,  322  
~  in  b l e n d s ,  3 8 2

- i n  W o r ld  W a r  I I .  2 7 8
—  m a n u f a c tu r e  o f ,  2 8 2
—  r e s i s ta n c e  to  o x id a t io n  o f ,  327  
B u x a c e a e ,  60

( i c a l o x u c h i t l ,  see Plutiiena 
C jc a o ,  a s  a n  i n t e r - c r o p  w ith  H erea, 1 8 6 ,1 8 7 , 

P I , 29 (/.)
C a c t i ,  i n  g u a y u le  s t a n d s ,  1 1 6 , 117 
Calapogonium tnucuntiules, a s  a  c o \ 'c r -c ro p  

w i th  H evea, i 8 8  
C a l c iu m ,  i n  la te x ,  3 0 8
— in  soils, f o r  k o k - s a p h y z ,  24]
—  a r s e n a t e ,  a s  a n  in s e c t ic id e  fo r  k o k -sa g h y z ,

—  ctiloride, in  lievea  b te x  reaction, 75
—  —  in  s y n th e s i s  o f  a c r y lo n i t r ik ',  2K1
—  h > -p o c h lo r ite , f o r  t r e a t i n g  g u a y u le  s e e d , 2T4
—  p h o s p h a t e ,  in  la te x ,  308  
C a l c u t ta  B o ta n ic a l  G a r d e n ,  47  
C a l e n d e r s ,  2 8 8 , 2 9 7 ,  3 5 2 , I 'l .  50 
C i m b i u m  la y e r , in  H exen, 6 7 , 68
------- i n ju r y  to ,  i n  t a p p in g ,  70
( '. i tn ib o t l ia , 14 ,

p la n t a t i o n  a c r e a g e  in ,  32 
r u b b e r  p l a n t s  i n .  45 

C a m e lb a c k ,  f o r  r e - t r e a d in i ;  ly r e s ,  358 
C a m e r o o n s ,  r u b b e r  p la n ts  in ,  3 ft, 31)
— F r e n c h ,  see I ' r e n c h  C jm e r o o n s  

‘C d m e ta  s e r n a m h y ' ( r u l ’ b e r ) ,  set Supum
tahuru

C o m m o n , r u b b e r  p r o d u c t io n  in ,  45 
C ^ m p a j iu h ic e a c ,  60  
C a n a d a ,  14 , 15 , 8i>
—  r u b b e r  c o n s u m p t io n  in ,  2 7 4 , 376 

-- r u b b e r  in  tyre-s in , 3 5 8
—  r u b b e r  p la n ts  in ,  59
—  s y u t h e i i f  r u b b e r  in  t^re.'^ in .  358
—  s y n th e t ic  r u b b e r  p ro d u c t i o n  in ,  274 
C a r b o n  d io x id e ,  s o l id ,  160 
CarpoJittuSy 4 0 ,  41



rmot te lle . »"
S f f l a ,  I ,  w .  32, 3+,

SS. 9J ’ « '  ’ 5'a n a to m y , l o o
_  Bustralis H e m s l . ,  9 5 ,  9 7 ,  9 8
—  b a rk , 1 0 1 , 2 6 3
_  b e fo re  C o lu m b u s ,  91
— botany, 9 '  .
_  b ra n c h in K  h a b i t s ,  9 5 ,  101
—  c o m p a re d  w i t h  H e v ia ,  6 2 ,  9 4 ,  l o a ,  103 , 

1 0 4 , 1 0 5 , 2 6 1 ,  2 6 2 ,  2 6 3 ,  2 6 4
—  eostarieana L i c ^ ,  9a ,  95 . 9o .  97 . 99 i 262  
^ Ja g u e n sts  P im a ! ; . 9 4 ,  95 . 97 . 9»
—  e a r ly  b o t a n ic a l  c o n c c p ts  o f ,  9 2
— clastica C c r v . ,  1 8 , ig , 2 0 ,  2 5 , 3 2 ,  9 2 ,  9 3 , 

9 5 , 9 6 .9 7 , 9 8 , 9 9 . ‘ 0 0 ,
------- b u t t r e s s  r o o t s  o f ,  P I . 13 {.h)

■ ____ f r u i t  a n d  s e e d s  o f ,  P I . 14
------- p la n t in g s  o f ,  2 6 2
____ r a in f a l l  r e q u i r e m e n t s  o f ,  26 2
------- trees of, PI. 13(a), PI. 13 W
— fa lla x  C o o k ,  2 0 ,  9 5 , 9 6 ,  97 , 9 ^
—  f lo w e rs , 9 6 ,  1 0 4
------- fe m a le ,  9 7
------- m a le ,  9 6
—  f r u i t ,  9 7
—  g r o w th  r a t e  o f ,  104 , 105
—  ptaU inalensii P i r t i e r ,  9 5 ,  q 6 ,  9 7 , 99
—  b a b i t , 9 4
—  Ittittftua C o o k ,  9 4 ,  9 5 ,  9 6 , Q7 > 99
—  l a te x ,  1 0 2 , 1 0 3 , 104
------- a lb u m in s  i n ,  103
------- c o a g u la t io n ,  2 0 4
------- c o m p a r e d  w i th  H n e
------- c o n s t i t u e n t s ,  2 6 4
------- c r e a m in g ,  1 0 3 , 104
------- f lo w , 1 0 2 , 2 6 3
------- p a r t i c l c s ,  3 0 6
—  —  r e g e n e r a t i o n ,  2 6 4  
 s ta b i i i r \ - ,  1 0 3 , 30 5
—  la te x -v e s s e l  s y s te m , 1 0 :
—  l e a v f s ,  9 5 ,  0&
—  m e c h a n ic a l  m a « r a c io i i  f o r  r u b b e r  e x tra c ­

t i o n ,  105
—  m o rp h o lo c v ,  100
—  nicoyem ii CooL, 95, «t). 97.
------- l a te x  p a r t ic le s ,  305
—  panamensis C look , 95 . ‘>7 . ‘I'l-
------- p la n r in p s  o f ,  262
—  p b n t  im p r o v c m c n r ,  l o t ,
—  p la n t in t r s ,  2 5 . 2O2
—  p la n t in ; ;  d e n s i ty .  2(>7 

p o U if ia r io n , 104
—  root system, 94.
—  r u b b e r ,  2 2 , ^

Scorzom ra tau-.'Jgf>y'^ ' ° -
—  s e e d s ,  9 7 . , f . ,
------- s h l p n , ™ . o f . . o o .
------- s h o n l n i ' J ,  l o o . f „
—  W p p i’if-'. ’j , .
------- a c e  lo r .  U'4. • '

I ____ '>f
f  —  ta x o n o n n . ' j i *
^  —  t r u n k .  ■14
\ ------- b j r k i ' l  M

j  ! a t e \ ,  1 03 , !0 4

Castilla lunu  H c m s i . ,  j «  C . fa lla x
—  u k i  W a rb . ,  17, 19 , 2 0 ,9 5 ,  g fi, 9 7 , 9 8 ,1 0 0 ,  

2 6 2
------- balLs o f  r u b b e r  f r o m , P I . 57 {«), P i.
—  v e g e ta tiv e  p ro p a g a tio n , JO i
—  w ild  r u b b e r  f ro m . W o r ld  W a r  I I ,  29
—  j- ick is , e x a g g e ra te d , 93
------- p e r  ra p p in g , 264
Casiiiloa, 2 2 , 5 2 , 93
—  in c o r r e c t  g e n c r ic  n a m e , 56 , 93
—  markhamisna, see P m b ea  sp .
—  r u b b e r  p r o d u c tio n .  22
—  sy n o n y m  o f  Castilla, 98
Q u c h o  ( ru b b e r ) ,  2 2 , q S , 100 , 3 0 9 , 310 

see a lso  Castilla ulei 
‘C a u c h o  an duH o  b U n c o ’, see Sapium pavoni- 

anum
‘—  b ia n c o ',  see Sapium favvnianum , S . I’triH n , 

a n d  S- sp .
‘—  n e g ro ’, ste Sapwm  sp .
—  p ra n c b a  (rubbC T), J i o  
■—  ro sa d a ’, see Sapium  sp .

v i r ^ n ',  sec Siipium  CiTkm 
C a u ra  ( ru b b e r ) , see Mtcrandra m w or 
C jv ia n a  ( ru b b e r ) , see F in e  P a ra  R u b b e r  
‘O x in g u b a ',  sic I'wus aatheiminlhica 
C e a ra , B raz il, r u b b e r  p la n ts  in ,  51

- ( r u b b e r ) , see Manihvt g lu M vH
—  r u b b e r ,  c r u d e .  P i .  4
—  ru b b e r  tre e , see Manihnt g ia zioiii 
Cea-opid s p . .  in  a sso c ia tio n  w ith  Caftilla , 94  
^ l a s t r j c e a e ,  60
C e n tra l  .^ n ie r ic i ,  1 .4 .  ‘ 6 , 1 8 , 19, 32 , 57.

152 , 153. 162, 16^, i 9 t
—  .\s s o c ia r io n  o f  E x p e r im e n t  .S ta tio n s . 389  
C e n r ra le  P ro e f s n t io n s  A e rc e n ig in g , c lo n e

id e n tif ic a tio n , 72 
Centrotemi pubescens, a s  a  c o v e r  c r o p  w ith  

Heve.i, iSS  
CeTatostameiii Jimhricats, o n  Hevea, 190 
C e v lo n . 14 . 15 . . . c > .
_ b eu 'in n in e s  o f  r u b b e r  p la n t in g  in ,  0 3 . ” 4
— CSstilla in. 100  ,
—  c o s t o f  r u b b e r  p ro d u c r io n  in ,  383
—  CryplaslestiJ in ,  152
—  di^e.t»cs o f  H etea  in , 100
—  ii la n ta tio n  a c re a c e , 32
—  p ro d u c tio n  o f  r u b b t r  i n  W o r ld  ^ \ a r  I I ,  3 0  

r u b b e r  p la n ts  in .  4^1, 152
nibt>«T re se a rc h  la c i l iu c s  in .  300 

i ;h a i r .  m ille t,  a s  a  iillt-r f o r  lo k - s a g h y z  s e e d ,
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E k p h a n t .  a  p « t  i n  !Ievea  p la n t in g s ,  l o i
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2 8 7
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E n ja y  b u ty l  ( s y n th e t ic  r u b b e r ) ,  277  
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r u b b e r ,  281 
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2 7 6
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PI.
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E x tru d e d  r u b b e r  g o o d s ,  351 
E x tru d e rs , 2 9 7
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m e r iz a t io n , 2 8 0  
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—  n u t r i t io n a l ,  see N u t r i t i o n
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10 6 , 2 6 4
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—  vogelii M i q , ,  3 8
F i p r c s ,  t o y ,  e a r ly  f o r m  o f  c r u d e  r u b b e r ,  22 
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—  in  r u b b e r  c o m p o u n d in g ,  295  
f i i i e  1-Ia rd  P n r a  ( r u b b e r ) ,  2 4
~  P a r a  R u b b e r ,  3 0 0
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/ / f t 'e a ,  188
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F lu s h  ty p e  o f  g ro w th  in Hevea 1 2  
F o a m  r u b b e r ,  353 
Fomes lamamsis, o n  Hetea, fSo 
~  h p m u s, o n  Hevea,
F o o d ,  a  u s e  fo r  Urcea s e e d , 80  
ro r d l a n d i a .  B raz il, 82
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—  p n e u m a tic  ty re s  in ,  289
—  ru b b e r  c o n su m p tio n  in ,  376
—  rub i> er in  ty re s  in , 358
—  n ib b e r  u sa g e  in ,  299
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I 'r c n c h  G u ia n a , ru b b e r  p lan ts  in . ig  
F r e n c h  G u in e a , ru b b e r  p la n ts  in , 38
F R - S  (sy n th e tic  ru b b e r ) . 277
F r u i t  ju ic e , a s  a c o a g u la n t fo r la tex , 3 7 ,3 9
I 'u c a c e a e , 60
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b l lg h t  o f  N n -e j, to o  
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—  o n  k o k -sag h y z , 246  .
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G a m b ia ,  r u b b e r  p la n ts  m ,  3» . .59 
G a m b ie r ,  a s  a n  in te r -c ro p  w ith  W ftM , >8? 
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—  r o w  p la n t in g ,  s to lo n  s h o u ts  o f . P i .  55
—  n i b b e r  e x t r a c t io n ,  n ,  1 71 , 2 6 8 ,  2 ^ ,  
 i n ,  1 6 6 , 303

S70
~  --  l<t, iXI'l,
—  —  s c a so n sd  c h a n g e s  o f ,  166
—  s e le c r io n ,  170

G o ld c n r o J  s to lo n s ,  it iS , 2 6 8  
'  s to lo n  s h o o t s ,  2O8 

G o o d r ic h  C>Dnjp:iny, 'I ’h c  B .F . ,  sec T h e  B  F  
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—  h a rd e n in g - o t f ,  2 1 7 ,  3 1 8
—  harvest, 129, 2 1 1 , 25 3 , 2 3 0 , 231 , 2 3 2 ,2 3 4 , 

PI. 4S W
—  in s c c ts  a t t a c k i n g ,  2 2 9 ,  2 3 0

it io n  o f ,  1 2 4 , 125
—  in  t h e  E a s t e r n  H e m is p h e r e ,  112
—  i r r ig a t io n ,  2 2 4
—  la n d  p r e p a r a t i o n  f o r ,  2 1 7 ,  2 2 2  
 e q u i p m e n t ,  21 7
—  la te x , 1 0 6 , 1 0 7 , 2 3 4  
 c o a g L iia tio n , 2 3 4
—  l if t in g , 2 1 9
—  lo c a l v a r ia t io n  o f ,  11 8
----------- c y to lo g ic a l  c o m p a r i s o n ,  118
- m i l l i n g ,  2 3 4 .  2 3 5 .2 3 6 . 2 3 7  
------ o f  l u s h  s h r u b ,  2 3 7
—  m o rp h o lo g y  i n  r e l a t i o n  t o  r u b b e r  fo rm a ­

t io n ,  132
—  m u a t i o n ,  118
—  n a tiv e  s t a n d  o f ,  P I .  1 5 , P I .  3 .s ( / )
~  n a t u r a l  r a n g e  o f ,  1 0 7 , 1 0 8 , 1 15 , 1 1 6 , 117 ,

118 , 1 1 9 , I 2Q
-------—  r a in f a l l  in ,  108
-------—  te m p e r a t u r e  i n .  1 1 0
—  n a tu r a l  r e p r o d u c t i o n  o f ,  n o ,  111
—  n a tu r a l  s a n d s  o f ,  1 16
—  n u r s e r y  b e d s ,  h a n d  w e e d in g  o f , P I. 4 ! ( « )
-------o p e r a t io n ,  2 1 0 ,  2 1 5 ,  2 1 6 ,  P I. 36
----------- d i s e a s e  c o n t r o l ,  2 1 5 ,  216
—  n u t r i t i o n ,  2 2 4
—  o il  a s  h e r b i c id e  o n ,  P I . 42(A)
—  OTigin a n d  n a t u r a l  s t o r a g e  o f  r u b b e r ,  1 32 , 

'3 3
—  o r ig in  o f  lo c a l  s h r u b  d i f f e r e n c e s ,  i  r 8
—  p a c k in g ,  2 1 9
—  p la n t  c o m p e t i t i o n ,  1 1 6 , 1 2 7 , 128
—  p la n t  i m p r o v e m e n t ,  l a i ,  1 2 3 , 1 2 3 . 124 ,

125 , 12 6
----------- p o p u la t i o n  s iz e  i n  b r e e d in g  te s B ,

126
■' p r e s e n t  s t a t u s ,  126

—  r o le  o f  c y to g e n e t ic s  in ,  123
—  p l a n t in g  d e n s i t y ,  2 2 2 ,  2 6 7
—  p U n r in g s ,  P I .  t 6 ( ^ ) ,  P I .  42(6)

d r y - l a n d ,  P I . 4 4

—  poU inarion , u i ,  121 
 h a n d ,  i s i
—  —  in s e c t , 121 
 w in d ,  j a i
— ptBt-war, 36
—  p u ll in g , see G u a y u le , lif tin g
—  r e s tr ic o o n  in  to ta l  ta n g e , n e  
 w i t l n n m ta l  ra n g e , 115
—  ro o t  d e v e lo p m e n t, 1 2 7 ,1 3 8

in flu e n ce  o f  p la n t  c o m p e titio n , 128 
--------------- o f  » ! ]  p ro file , 128
—  r o o t  s p ro u ts , m
—  ro o t  sy s te m , 109 i n ,  n j ,  127 , K g . 3

■ r u b b e r ,  a ccum uU tiaD  o f , 105, 130 i n
«33 ,  1 3 3 .4 1 1 ,2 3 1

------ - - c o n i c n t ,  1 3 ,3 1 ,4 9 ,1 0 2 ,1 3 1 ,13a, 135,
136

------- c ro s s - lin k e d  b y  ir ra d ia tio n , 341
------- d e - re s in a t io n , 237
------- e x tra c t io n , 1 0 ,1 0 7 , 2 1 3 ,2 3 4 , 2 3 5 ,2 3 6 ,

----------- b y  chefl’in g , 2 0 ,1 0 7
------- fo rm a tio n , 1 2 2 , 1 3 1 ,1 3 2 ,1 3 3
------- fra c tio n a tio n , 3 03 , 303
------- m o le c u la r  w d g b t ,  302
------- n a tu ra l  s to rag e  s \-« e m , 106 , 132, 133,

3°3  ̂ ^
------- p ro d u c tio n  oF, 107, 210
------- s o fren e rs  e x tra c te d  f ro m , 5
------- ‘w o rm s’, PL  37(d)
—  se a sona l v a ria tio n  o f , i r
—  se e d  h a rv e s te r , P I. 3 7 (i)
----------- T y s d a l , PI. 39
—  se e d lin g s , c ra te s  o f , P I. 4 i ( i ) ,  PL 42(a)
—  s e e d s , P i .  40
------- c le a n in g  o f , 214
------- co lle c tio n s , i j 8 , 119
------ d o rm a n c y  o f , 214
------- g e rn u n a rio n  o f . 214
------- har\-e» ting  o f . 213
____ n a tu r a l  d isse m in a tio n  of, i n
------- p la n tin g  o f , 215
------- p ro d u c tio n  o f , 130
------- s to ra g e  o f , 214
------- th ra s h in g  o f , 214
—  se e d lin g s , s h ip m e n t  of, 221
------- so r t in g  a n d  g rad in g  o f , 219
------- S to n g e  o f , 220
—  s h r u b ,  c o n d itio n in g , 234 
 q u a l i ty . 117 . u S
—  so il r e q u ire m e n ts , 2 0 9 . 215
— _sp o r ty  J is tr ib u i io n  a n d  p ro p a g a n o n  o f , : 17 
__ s tre s s  a n d  r u b b c r -c o n te n t  o f . n ,  12, 131,

I34i 13:.
“ S p t . « i . - t  d e ^ d o p m e n t o f . . 7 .

—  tn n s p b n t c r s ,  211- - 2 2 , 223, PL 4^(a ) .

—  t r a n s p ia n t in g ,  2 H  217- ^^3
—  u n d e r c u tt in g . 21S ,  „  ^
_  v a rie ta l d iffe rences o f , 118, 1 1 9 ,1 2 i . 1

—  v a rie tie s . n 8 , 119
—  w in te r  d am a g e  o f , 129



G u ie c - . f u m .  f o r  c o a s u U im s  C ryploitegia  
Utci, ijS 

G u ia n a s .  r u b b e r  p la iit>  in ,  5 1 , 04  
‘t i u i d o r a ' ,  Aiascarathasm .irharescetis 
'G u id o r a n d a n o ',  seeM nscarfth am  arborcicer.s 
‘G u i i i r o j ' ,  see M c s c v e n h m s  velutma 
G oim  c ra g a c a n th , f o r  c n a m i n g  l l n t a  la te x ,  

3<H
—  tre e ,  see Sapium /upfomane 
G o m m i-« i8 S tic u n ) , 21
----- p la jijic iim , 21  V. 1 j  '
_  - Z c i tu n g ,  J'icus pralixa  m  N e w  C a le d o n ia ,

G u m .  in  la r e s ,  j o 8  ,  .
—  n a tu r a l  l ^ i n i n o u s ,  f o r  c o a fu la c m g  

Crjrpissiegia  l a te s ,  158
G u c ta , 4 ,  5 , a t
—  c h c m ic a l  s t r u c tu r e  o J , 3 0 0

—  —  i n  C t a iM l  A m e r ic a , see CaUUla fa l la x  
G iu r i f r r a c ,  6 0

1-Iaiti, g 4 , 104
—  Cauilia  p la n t in g s  in ,  9 4
—  Crypiostefik  in ,  1 52 , 156
—  ru b b e r  p la n t in g s  i n ,  3 2 , 1 0 0 , 1 6 2 , 164  
Hancontia, 5O
—  speciosa G o m e z ,  5 6 , 57 
 U te x  c o a g u la t io n , 57
H a n d  w e e d in g  o f  g u a y u le  n u r s e r y  b e d s ,  P I . 

4 1 (a )
H a n d b a l l ,  a  s p e c ta to r  s p o r t  in  t h e  W e s t  b e fo r e  

C o lu m b u s ,  18 
H a r d e n in g - f l f f g u a y u le  s e e d lin g s , 2 1 7 , 218  
H a r d n e s s  o f  r u b b e r ,  323
—  m e te r ,  323
H a r e s ,  I n d o n e s ia n ,  i n  H evca  p la n t in g s ,  191 
H a r^ 'c s r in g  o f  g u a j 'u le ,  P I . 4S{^)
------- ko li-saghv-z s e e d ,  P t .  4 6 (a )
H a d n h ,  r u b b e r  p r o d u c t io n  i n ,  45  
H a w a ii,  i ,  5 2 ,1 5 2
H e a v in g ,  s o i l ,  i n  o v e r - w in te r in g  o f  k o k -  

s a g h y z . 239 
HeUiobasidium rot, see Hclicubosidium com- 

pActwn
Ilelicobasidium compaciiitir, o n  I fevea , tS g  
HelmiHlhosporiutn^ o n  H evca, 191 
H e r b ic id e s ,  in  f ie ld  p la n t in ''^  o f  g u a y u le ,  223
—  in  g u a y u ic  n u r s e r ie s ,  3 16
H e ro c o l  ( s y n th e t ic  r u b b e r ) ,  2 7 7  
Heterodera marions, o n  g u a y u le ,  3 1 6  
H rjc a ,  1 , 2 , 3 , 4 , 1 0 .  1 3 ,1 6 ,1 7 ,  i q , 2 i ,  7 1 ,

3 2 , 33 . 34 , 5 1 .  52 , 54 , 6 2 , 6 3 ,  6 4 , 6 5 , 6 6 , 6 8 ,  
9 1 , 9 2 , 9 4 , 9 5 ,  1 0 6 , 305

—  a n a to m y , 6 6 ,6 7 ,  68
—  b a r k ,  6 6 ,  6 7 , 6 8 , 7 0 ,  71
------- c a n c e r , 1 9 0
------- d is e a s e s , i q o
—  b e f o r e  C o lu m b u s ,  91
—  bentham iam  M u e l l , - A r g . ,  6 j ,  6<;, 8 4 , 85  
 i n  in te r s p e c if ic  c r o s s e s ,  8 4 ,
------- s e e d s  o f , P I , 7
—  b o ta n y ,  6 2
—  brasiliensis ( W il ld . e x  A .  J u s s .)  M u e l l . - A r g . ,  

4 ,  s, 7 ,  j t ,  1 6 , IQ , 2 5 , 3 ! ,  5 1 .6 3 ,  6 4 ,6 5 , 6 6 ,  
6 7 ,  7 6 ,  7 8 ,  8 0 ,  8 3 ,  8 4 ,  8 5 .  8 6 ,  306

Ilervea brasiliensis, ancient jungle tree of
PI. 9W

------- budded trees, PI. 23(f)
------- clonal tree o f, J-'ronUspiece
—  —  flowcxiiig branch o f. P i. 12(11)
--------natural ground-covcr in , PL 32
-------jungle selection.s for top-working, 84
------- latex particles, 306
------- plantation, PI. 2 2 (a) ,P i. 22{/>),Pl,

----- -- seeds o f, PI. 7
------- sm ooth bark renewal, PI. 2(h)
------- tapping cu t, P i. 3 3(a), PI, 33(^)
------- top-budded , PI. 3 1(a )
------- tree base, PI. 8(»), PI. i{b)
------- w ild tree bad ly  scarred, PI. 2{a), PI, 6(a)
—  breeding, 7 7 , 7 8 , 79 , 8 1 
 back-crossing, 8 4 , 87
------- for discase-resiscance, 8 3 , 84, 87
------- gardens, 87
--------germ -plasm  available for, 79, 81
------- inbreeding, 8 5 , 86
------------ natural, 80
--------in  the F a r  E ast, 8 j

--------in the W est, 82
--------out-crossing, 87
--------to com bine high yield and discase-

resistance, 87
—  browa-ba<5t disease o f, 70
—  budding, 69, 18 2 , 18 3 , 184  
 the b udding operation, 18 3
—  budwood n urseries, i8 i
—  cam bium  injury in tapping, 70
—  clone identification in, 7 3 , 74 , 75
—  collina^ 80
—  com pared w ith Cryptoslegia granJi/lora,

15 7 , 15 8 , 159
------------ kok-saghyz, 14 3 , 14 4 , 145
------------ other n ib ber-ttfarin g  trees, 62
—  cultivarion , 179
--------see also under farm  operational

categories 
------- tim ing o f  operations, 1S6
—  cutting back , after budding, 18 3 . 184
—  cytology, 78
—  description, botanical, 16
—  digging, 184
—  diseases, 7 1 ,  189 , 19 0 , ly r
— espaliering, 77
—  flow ering, 12
—  flow ers, 77
—  growth characteristics, 72
 — -------------- ------------------------- o f  c lones, 72
—  A u b l,, if), 1 0 ,6 3 ,  65, 7^ - So 

m a n en sh  var. luUa (.Spruce e\ Iknth.) 
D ucke &  R .E . Schultcs, 65

—  hybrids, 7 6 , 78 , 84. 85, «6
—  insects affecting, 19 1
—  interplanted w ith bananas, PI- 2q(t/) 
 cacao, PI. 29(A)
—  introduced into the Easr, 25 , ^'4
— jungle collections, yield o f, -S8
—  latex , =;, 66 , 3 0 3 , 304, 305, 306 .
--------adulrerated with Liic-x o f  Sapiutn

' , 5 3------- a s ’ a  c o a g u la n t  f o r  Crypiash-gia la tex .



la te x ,  c t i a g u l a d o n  c o m p a r e d  w ith  
% t 'a i  Cryptosregia  l a f e x ,  158  

_  _  —  in  i h c  j u n g l e ,  27  
^  —  c re a m in g ' o f ,  3 0 4

—  (lo w  o i \  1 1
n o n - r u b b e r  c o n s t i t u e n t s  o f ,  3 0 8  

_ ^ r e a c t i o o  o f , 75 
____ s e r i i i n ,  3 0 8
------ O T b iU ty  o f ,  3 0 s
__  _  „ g  also u n d e r  g e n e r a l  h e a d in g  o f  L a te x
—  la te x  v e s s e ls ,  c o m p a r e d  w i th  th o s e  o f  

Cryptosiegia, 1 5 7
— [c a f -c h a n g c , 11
—  le a f  d i s e a s e s , iQ O , 191
- l e a f - f a l l ,  > 1 , 1 9 0  ^
— m orphology, 66 , 69
—  n a tu r a l  d i s t r i b u t i o n ,  i b ,  6 4
—  n u r s e ry  p l a n t s ,  p r o t e c t i n g ,  P I . 2 3 ( i ) ,  P I. 

î {a)
—  o p e n in g , i n  b u d - g r a f t i n g ,  183 , 184
—  o r ig in  o f  g e r m - p l a s m ,  7 9 , 81
—  o r ig in  o f  s p e c ie s ,  8 0  
 r o le  o f  u s e  a s  f o o d ,  80
—  o v e r - b u d d in g ,  1 8 3 . 1 8 4
—  psiici/Iord ( S p r u c e  e x  B e n th . )  M u e l l . - . \ r g . ,

78.8s „ .
—  pernvia«a, see H . guianenm
—  p la n t  im p r o v e m e n t ,  7 7 ,  7 8 ,  8 5 ,  8 6 , 87
—  p la n ta t io n  s i t e  s e l e c t i o n ,  179
 c l im a t e ,  179
----------- l a b o u r ,  18 0
----------- t e m p e r a tu r e ,  179
----------- r a in f a l l ,  179
----------- s o i l s ,  180
~  p la n te d  i n  B r a z i l ,  25
—  p la n t in g ,  1 8 0 ,  1 8 4
------ a t  s ta k e ,  18 2
------ d e n s i ty ,  1 8 6 , 2 6 7
------ c o n v e n e d  t o  b f w d i n g  g a r d i ; n ,P i .  ia (fr)
- —  m a te r ia l .  180
 — --------------- ------------------------ b u d d e d  s t u m p s ,  i 8 o
----------- c lo n a l  s e e d s ,  181
 u n s e le c te d  s e e d s ,  iS o
—  p la n e  p a r a s i te s ,  193
—  p o l l in a t io n ,  h a n d ,  7 7 .  85 
 in s e c t ,  7 9
—  p r e - e m in e n c e  f o r  c u l t u r e ,  62
—  p r o te c t in g  n u r s e r y  p l a n t s ,  P I . 23{^), P I.

24(0)
—  p u r e - l in e  s e le c t io n s  in  n a t u r e ,  86
—  r e p la n t in g ,  1 9 2
—  r e s p o n s e  t o  c a p p in g ,  62
—  ngulifiilia  ( S p r u c c  e x  B c n th . )  M u e i l . - A r g . ,

—  ro le  o f  b a r k  in  r u b b e r  f o r m a t io n ,  66
—  ro o t in g ,  7 6 ,  7 7
—  ro o ts tu c k  n u r s e r i e s ,  1 8 1 , 1 8 2 , PI- 
 p la n t i n g .  1 8 3
—  r u b b e r ,  3 ,  3 , 5 ,  2 1 , 2 2 ,  24  
 c o n t e n t ,  1 3 .  31
~  —  c r o s s - l in k e d  b y  i r r a d i a t i o n ,  341
------- f o r m a t io n ,  4 ,  7 8 ,  7 0 .  14.I
------- m o l ^ l a r  w e ig h t  o f ,  302

p a r t ic le s ,  3 0 5 ,  3 0 6
—  —  p r o d u c t i o n  i n  i h e  A m a z o n  v a lle y , 22 

 a n  a b n o r m a l  f u n c t i o n ,  7 8
" - t y p e s , 2 4

ffevea , se aso na l v a ria tio n  in , 11
—  s e e d - c o i t  p a n e m ,  7 3 , 74
—  c e d i n g  se a so n , j86, 187
—  se e d im g ’ i r e c  o f , IM.
—  se e d lin g s , s p littin g  o f , 76
—  self-sterility, 86

~ T j o T -  ^ ^ « < ^ -* A rg ..65. 66 , 76 ,
------- SM ds^of, P I. 7
—  ta p p in g , c o m p a re d  w ith  Sapium, 54
—  ta x o n o m y , 64
—  to p - b u d d in g ,  ste O v e r-b u d d in g
—  tra n sp la m in g , 184 , 185
—  tw ig  d icb ac k , 190
—  v eg e ta tive  p ro p a g a tio n  o f , 6 9 ,7 6
—  w ild  ru b ts T  co llec tion  d u rin g  W(M-ld W ar

I I ,  29
—  w in te r in g , 1 1
M e x a m e th y len e  te t r a m n c ,  i n  v u lc a n ia n g  

llu o ro c a rb o n , 284  
H e s a n e ,  as a so lv e n t fo r ru b b e r , 302 
H e x y lr e s o r d n o l , fo r  c o agu la ting  O ypiestigie  

b t c x ,  158 
H h e v e , 16
H ig h -p o ly rn c r  re se a rc h , 391 
H ik a to l  ( s y n th e tic  ru b b e r ) ,  sie P o ly su lph ide  

ru b b e rs  
H is t id in e , in  H rvia  la te x , 308 
H istor> ' o f  r u b b e r , 16 
flo la frbeiu,
‘H o lg u a th i i i t i ’,  ste CaUilla eUaica 
H o lin g , in  p la n tin g  H n ea, 185 
Hoiiweosofrui titciellum, on  kok -saghyz , 248 
H o n d u ra s ,  ru b b e r  p la n ts  in , 152 
H o s in g , r u b b e r ,  353 
H uL sache. sti Acada farruiiana 
•H u le -c o lo ra d o ’, see Caihlla fu lk x  
‘H u le -m a c h o ',  see C is iilli  faUax 
H y b r id iz a t io n , in te rsp ec if ic , in  H n ea, 8 4 ,8 6  
H v b r id s ,  o f  Hevea, 66 , 84
H y c a r ( s m th e u c  ru b b e r ) , 277 , 284
H y d r i ie  (s)-n the tic  ru b b e r ) ,  Po lj-su iph ide  

n ib b e r s  .  •
H y d r o g e n ,  p e rm e a tio n  a n d  d in u s io n  m  

'r u b b e r s , 326  ___
—  p e ro x id e , in  s\-nrhcsis  o f  a c n i ie  r u b b a s ,

283
H y d r o p h y lla c w e , 60 
Hyinenoxyt, 58
—  C o c k ., 58 1
H y p o c h lo r i te  t r e a n n c n t  o f  gua.vulc s e ed , 214 .

H y s te re s is ,  0 , 23*>

I c e la n d  mos.s, fo r  c rw m in g  Herea la te x , 304

—  —  Landolphid ii^*»>iensi! ru b b e r  ex

in  B u rm a , 44 , .  , .
_  r e o o r t  o n  I  rceola rut>t>er, 4 ,  

I m p c rm c a b il i t i ’ o f  r u b b e r  to  gases, 34<) 
Im p u r i t ie s  in  ru b b e r , 5
____ w ild  r u b b e r .  2
I n c a ,  r u b b e r  u sag e  b y , 9 >



I n c n m p a tib ilic j-  a n d  o^cr-g^ov^T h h o t to m -  
buU  u n io n ,  1*1- 9 (/')  

lodi*, 14, ,
—  C ryp m iesi*  in .  17 , ^55 ,  i 5&

_  O ffic e , i j i ;  W p o r t a t i a n  o f  H exta  in to  th e  
E a s t ,  O j

—  p la n t i t io H  a c rc a g e , 3 1
—  r u b b e r  c o n s u m p r io n  in> 37(1
----- r u b b e r ,  d e f in in o n , 7
___ Ruf'i’fT Jo u rn al, M anarm lm sui r u b b e r ,  37
_______ set also Rubber Jo u rn al
—  r u b b e r  p la n t in g s  in ,  25
I n d i a n  h e m p , see Apocpium  _
I n d o - C h in a ,  r u b b e r  c l im b e r s ,  l a te x  c o U e c n o n

a n d  o » g u la t i o n ,  4 ^
------- r u b b e r  p la n ts  in ,  4 4 , 4 5 ,  46
------- r u b b e r  p re p a r a t io n  in ,  4 6
------- ‘r u b b e r  p u o d in g ’ ( r u b b e r ) ,  4 6
I n d o n e s ia , 4 ,  1 4 ,3 5 ,  63
—  p la n ta t io n  a a e a e e ,  32
—  re p la n i in g  n e e d  in ,  192
—  ro o t in g  o f  H fvea  in ,  76
—  ru b b e r  p la n e s  in ,  43
—  r u b b e r  r c s c a r c h  f a o l i i j c s  i n ,  38Q 
f n d o n K ia n  R u b b e r  R e s e a rc h  I n s t i t u t e ,  see

F o u n d a t io n  In d o n e s ia n  R u b b e r  R e s e a r c h  
I n s t i tu te  

In f la to p la n e , 3 5 2 , P I . 60  
In f ra * re d  ab so rp tii> n  p a t t e r n ,  o f  A m c r ip o l  

S N .  3 8 4
—  ------------ o f  r u b b e r  f r o m  f u n p ,  50
I n h ib i to r s ,  re m o v a l  f r o m  b u ta d i e n e ,  278
—  to  p r e v e n t  s p o n ta n e o u s  p o ly m e r iz a t io n ,

2 7 8
I N I R O ,  see F o u n d a t io n  I n d o n e s ia n  R u b b e r  

R e s e a rc h  I n s t i tu te  
I n o s i tc ,  i n  la te x ,  3 0 8  
l o s e c ts ,  o n  ^ a y u l e ,  2 2 9 ,  2 3 0
—  o n  H etia , 191
—  o n  k o k -sa g h j-z , 2 4 7  v ,.
—  p o U in a tin ij a g e n ts  o f  k o k - s a g h y z , 1 4 2  V ' 
I n s t i tu te  f o r  E l e m c n t - O i ^ n i c  C o m p o u n d s ,  v

39 «
—  fo r  M a c ro ra o lc c 'u la r  C o m p o u n d s ,  391 
I n s t i t u t  de$ R e c h e rc h e s  s u r  le  Q o u t c h o u c

e n  I n d o c h in e ,  t c c h n ic i l ly  e d i f i e d  r u h b c r ,
313

—  d e s  R e c h e rc h c s  s u r  Ic  C a o u tc h o u c  c n  
V ic t -N a m , 3 9 0

I n s t i t u t i o n  o f  ( h e  R u b b e r  I n d u s t r y ,  3 9 2  
I n te r c o n c in e n f j l  R u b b e r  C o m p a n y ,  t ,  2 . 33, 

107, 126, 209, 2 J0 , 211 , 212 , 213 , 237
------------f a r m e r  c o n t r a c t s ,  2 1 1 , 2 1 2
----------- g u a y u le  h a rv e s t ,  232
--------- -- f u a y u l c  n u r s e r y  p r a c t ic e ,  2 1 5
----------- gua> -u lc, rubbC T  d c - r e s in a l io n ,  2 3 7
------------g u a y u le  s e e d  t r e a i m c n t ,  2 1 4
------------g u a y u le  t r a n s p la n te r s ,  221
In te r-K T o p s , w ith  H rvea, i « 6 , 187
------- R R I M  re c o m m e n d a t io n s ,  187
I n t e r n a t i o n a l  c o o p e r a t io n  in  c lo n e  d e v e lo p ­

m e n t ,  8q ,  9 0
—  R u b b e r  S tu d y  G r o u p ,  3 9 2
—  ~  —  —  F u u s  r u b b e r ,  33
---------------- p l a n ta t io n  a c re a g c , 3 8 4
---------------- r u b b e r  c o n s u m p tio n ^  37O , 3 7 9

I n u l i n ,  i n  h a rd e n c d - o iT g u a y u le ,  218  
I r e l a n d ,  p n c u m a i i c  t y r e  in ,  289  
I r o n ,  in  C rpym tcgitt l a le ^ ,  15H
— —  la te x ,  3 0 8

- p y r o p h o s p h a te ,  i n  lo w - tc m p e r a tu r e  p o ly ­
m e r i z a t i o n ,  2 8 0  

I r r i g a t i o n  i n  g u a y u le  c u l t u r e ,  1 2 , 121 , 132 
1 3 4 , 1 3 5 , 1 3 6 , 3 1 0 , 2 1 s ,  2 i 6 , 2 2 3 ,2 2 4 ,2 3 0 !

I s l a n d s  ( k i i r s e  P a r a  ( r u b b e r ) ,  see C o a re e  P a ra  
R u b b e r

—  ( r u b b e r ) ,  sec F i n e  P a r a  R u b b e r  
I s o p r c n c ,  3 ,  6
—  b a s ic  u n i t  o f  n » b b e r ,  2 7 2 ,  2 7 4
—  i n  s y n th e s i s  o f  bu t> -l, 2 7 6 , 282

in  s y n th e s i s  o f  n i t r i l e  r u b b e r s ,  2 7 6  281 
•—  i n  s y n th e s i s  o f  p o ly is o p r c n e ,  2 7 4
—  s p o n t a n e o u s  p o ly m e r iz a t io n  o f , 272
—  s t r u c f u r i l  f o r m u la  o f ,  2 7 4  
I s o b u ty lc n e ,  c o m p o n e n t  o f  b u ty l ,  2 7 6 , 282  
I s o lc u c in e ,  i n  H evea  l a t e s ,  308
I t a l y ,  14
—  k r im - s a g h y z  i n ,  139
I v o r y  C o a s t ,  r u b b e r  p la n ts  i n ,  3 6 , 3 8 ,  3 9 , 40

J a m a ic a ,  Cryptostegia i n ,  1 5 2 , 153
—  P arlbm iu m  in ,  1 12
J a p a n ,  p o ly s u lp h id e  r u b b e r  in ,  283
—  n i b b e r  c o n s u m p t io n  i n ,  3 7 6  
— ■ r u b b e r  u s a g e  i n ,  2 9 9  
Ja tro p h a , 5 1 , 55
—  acam tijolia  M i l l , ,  55
—  la t e x ,  c o a g u la t io n  o f ,  5 6
—  t a p p in g  m e th o d s .  55
—  lepiquensis C o s t .  &  G a l l . ,  55
—  spatulata  ( O r t e g . )  M u e l l . - A r g . ,  in  g u a y u le  

s t a n d s ,  i i 6
J a v a ,  r u b b e r  p l a n t s  in ,  4 6 ,  4 7 ,  152 
j a v a r y  ( r u b b e r ) ,  see F in e  P a ra  R u b b e r  
‘J a w e ’, see CUtandra 
J c b o n g  k n i f e ,  see K n i f e ,  j e b o n g  
J e lu t o n g ,  4 7 ,  48
—  a n a e r o b ic  c o a g u la t io n  o f  l a t e x .  48
—  f r o m  B o r n e o  a n d  S u m a t r a ,  311
—  see also A htonia, D yera
‘J c q u i e ’ ( r u b b e r ) ,  see M anihot dichotomu 
J o m t ,  e x p a n s io n ,  3 6 0  
J u n g l e  s e le c t io n ,  o f  H evea, 84  
J u r u a  ( r u b b e r ) ,  see F in e  P a r a  R u b b e r

K a m e r u n  ( r u b b e r ) ,  3 1 0  
K a p o k ,  a s  a n  i n t e r - c r o p  w i th  I l fv e a ,  187 
K a r a - T a u  M o u n ta in s ,  t a u - s a g h y z  h a b i ta t ,  49 , 

172
K a r a y a  g u m ,  f o r  c r c a n i in g  Hevea  la te x , 304 
K a s a ic h  S .  S .  R . ,  k o k - s a g h y z  in ,  4 9 , 138
---------------- ,  t a u - s a g h j? .  in ,  49
K .a s a k s ta n , see K a s a k h  S . S .  R - 
K a s a i  b la c k  ( r u b b e r ) ,  see Q i t a n d r a  
‘K a u t s c h u k ’, a o  
K e l - F  e la s to n v e r , 2 8 4  
K e n y a ,  r u b b e r  p l a n t s  i n ,  3 7 , 39  
K e r o s e n e ,  f o r  c o a g t i b t i n g  la te .s  o f  Pyffi^ 

costulata, 311



t e w  R «y*> B o t a n i c  G a r d c i a ,  i m e r i s t  in  
o la n t in g  H iv^ a , 2 5 ,  O 4, 261  2 7 2  
^ _ _ _ _ _ _ _ f n te f n a l ! o n a l i n t e r c h a n g e o f / / e T f a

v tb ^ T h a s iic a , see I'u nlum ia e lis tk a  
'K i 'l r o a ’, tee M ascarenkasia kidroa 
K n ife , s m a z o n a s ,  6 2 ,  63  
- j c b o n g ,  6 2 , 6 3  
_ C r t i n e r ,  71
-  fo r  u p p i n g  C a slilla ,  P I .  4 9 , 1»l. 50
-  w e e d in g . I'or to p p in g  k o k -s a g h y z ;, 253 
‘K o lw ’, see f ic u s  vogelit
'K o k o tn b a ’, see Mascarenhastu geayi 
K o k -sa g h )-z , 1 0 , 1 2 , 1 3 ,  3 6 ,4 9 , 1 3 7 , 1 7 2 , 1 7 3 ,  

P i. 1 7 : see also Taraxacum  kok-saghyz
___ -  a n a to /n ic a l  s t r u c t u r e ,  t 4 3 ,  144

_____ a s  a  w in t e r  c r o p ,  3 3 9 ,  242
____ a s s o c ia te d  s p e c i e s ,  142
____ b a r k ,  d e v e l o p m e n t  o f ,  144
----------- s lo u g h in g ,  1 4 5 . ‘ 4 6 .  232
____ d i m a t i c  r e q u i r e m e n t s ,  3 3 9 ,  2 4 0
____ o m p a r c d  w i t h  g u a y u le  a n d  H evea, 143 ,

144
------ c r o p  p r o d u c t i o n  c o s t s ,  2 5 8
------ o i l c i v a t i o n ,  2 4 1 ,  2 4 2 ,  2 4 5
-------c ylo losy , 14 6  .
------ d e n s i ty  o f  p l a n t i n g ,  2 4 5
-------d is e a s e s ,  2 3 9 ,  2 4 6 ,  2 4 7
----------- c o n t r o l  o f ,  2 4 7
------ e m b r y o lo g y ,  1 4 6
------- f e r t i l i z a t io n ,  146
------- f lo w e r in g ,  1 4 8 , 2 3 9 ,  2 4 9 ,  2 5 0 , 251 ,

P L  17
----------- f i r s t -  o r  s c c o n d - y r a r ,  1 4 8 , 149
----------- i n  r e l a t i o n  t o  r u b b e r  p r o d u c t i o n ,  148
------- f lo w c r - h c a d ,  s ta g e s  i n  d e v e lo p m e n t  o f

P U 6 ( ^ )   ̂ , .
-------g r o w th - c y c le  i n  n a t u r e ,  139
-------h y b r id iM i io n ,  147
------- in s e c t  p e s t s ,  2 4 7
------- i n te r s p e c i f ic  h y b r id i z a t i o n ,  147
----- - —  in t e r m i j r t u r e s ,  1 4 2  14 7 , 148
 la te x  v e s s e ls ,  1 4 4 , 1 4 5 , 1 4 7 , H Q - 257
----------------r o m p a r e d  w i th  t h o s e  u f  H ev/a,

------- l e a f  d e v e lo p m e n t ,  144
----------- s h a p e ,  1 4 8 ,  14Q
-------m o r p h o lo g y ,  1 4 3 , 144
-------n a tu r a l  d i s t r i b u t i o n ,  138  .
---------------- a l t i t u d e ,  138
---------------- c l im a te ,  138
----------------g e o g r a p h ic a l  r a n g e ,  13 8
------- —  —  s o i l s ,  139
------- n a t u r a l  h y b r i ^ ,  1 4 1 , 1 4 2 , i47>  24S
------- n u c r i r io n ,  2 4 6
----- -- o v e r - w in t e r i n g ,  2 3 9
 p h o tc t - p e r io d  r e s p o n s e ,  1 3 9 . 239
—  —  p l a n t  i m p r o v e m e n t ,  1 4 7 , 1 4 9 , ^ 5 *
------- p b m i n g ,  2 4 2 ,  2 4 4 ,  2 4 5

— --- —  e q u i p m e n t ,  2 4 4  
------- p o l l i n a t i o n ,  1 4 2 , 1 4 6 , 2 4 9
 ■----- p o ly c r o s s  b r e e d in g ,  1 4 9 ,1 5 0
—  —  p u r t s l i n e  s e le c t io n s ,  150  
 r o g u c i n g ,  2 4 8
------- r o o t s ,  2 5 3 ,  P I . 47
----------- b a l i n g  o f ,  2 5 7
 ■---------- b a r k  s l o u g h in g ,  1 4 4 , 352

-  ^ y i n g o f ,3S4
Hnn n f  m«chanic*l extractt)on o f  rubber from , t-ig, 6

------------ harvest o f, 252 ,253 , z u
------------roB  of, 246

shipm ent of, 257
 size of,
 S tO fi^  of, 256
------------ structure  of, 145,253
----------- vvashii^ of, 254
--------ru b b er aecumularion m , 12, 143, 344
-------------- content, 13,151
------------eicraccion, 257 ,258 ; costs, 260
--------se iso tu l viTtition of, 12
--------seed, 141, J42, 240 ,242 , 243, 244
------------ covers, 244
------------ germ ination, 242, 243
------------ iur\-fiSting of, by hand , PL 46(a)
------------ p roduction, 249, 250, 251
------------ ircason, 249
------------ storage, 251, 252
------------ stratflication, 243
------------ thrashing and cleaning, 251
------------ yields, 250
-  - - s ttd lin g  development, 144 

 seeding rate , 244
--------selection and breeding, 147,148
--------self-sterility, 150
------- soil requirem enB , 240,241
--------spacing, 244, 245
--------sum m er dormancy, 240, 247, 249
------- tem perature response, 139
--------tetraploid, 146, 147
--------thinning, 245
- —  vt^crarive propagation, 244 

 weed control, 245
--------yields, 150, 2SS, 256
fiopsia, 44
K rim -saghyz, 3 6 , 4 9 , 1 3 7 , ' 4°) «43t

M7. >73
--------cytologv-, 147
--------gTOwth-cycle, 140
--------natural range, 48 ,139 ,
-----------------altitude, 130
--------------- c lim a te . 139, M©
----------------- geographical range, 139
--------soil, 140 .
K j)Tn-saghyz, set knm -saghyz

I^ b ia rae , 60 , ^  ,
I.abou r, cheap, in rubber production, 2 
U c e b u g ,  on Hevea, 191 
Loitmus, 59
— dtc(pih'<i.S(i .
L actoprcne  (synthcnc rubber), 2B4

L ar/w tf, 5)̂  ^ »
— cafiaiensis L-, S®

- ' i i 'c r e is e  in, tod tn in g-o lf, « 7. « *



L a k e  S u i e s  E s iw r im f n t  S ta t io n ,  f lo w e r in g  
sU jfc s  u l‘ k o k -s a g h y z  a t ,  2 5 0 ,  251 

] j m i n a r i a c « t ‘,  6 0
U ndoiphia, 1 7 . 29> 37 . 39 , 39 . 4®, ><>7 ) 3 i o
—  j i u v t  S ia p f ,  3 9
—  Jon^efnsis Uussc, J9
—  B c n d i . ,  39
—  kfudelolsi A .D C ..  39 i 4°
—  k ir h i  D y e r ,  j 9
—  ikiH H  P ie r r e ,  J 9
—  maJagfUi'anfnsis K - .S c h u m ., 3 9
—  tirsriensis  B e a u v ., 3 8 , 39
—  parvijolia  K .S c h u m .,  39
—  ferrUTs J u m . ,  3 9 , 40
—  r u b b e r  p r e p a ra t io n ,  39
—  sphatrocarpa J u m . ,  4 0
—  ^ e lz ii  B u s s c ,  39
—  tkollami D e w .,  ^9
—  ugmdensis S ta p f ,  4 0
L a o s ,  Blefkrodta (Qttkinemis i n ,  4 4  
L a te x ,  b u lk in g  o f ,  2 0 1 , 203
—  c o a g u la t io n , 2 0 1 ,3 0 3 ,  a o 4 ,  2 0 6 ,  3 0 7
—  c o lie c c io n , 201
—  c o n c e n t r a te d ,  203
—  c o n c e n tr a t in g ,  203
—  c o n s c iru c n ts , 5 0 7 , 308
—  c r e a m in g , 20 3
—  Crypiosteguit 1 5 8 , 1 59 , 1 60 , 161
— cup, PI. 331*) .  ̂ ^
------- d iu rn a l  v a r ia t io n  o f ,  160
—  d ilu i io n  b e f o r e  c o a g u la t io n  o f ,  2 0 2 ,  203
—  g lo b u le s , sp e c if ic  g r a v i ty  o f ,  2 0 2  
~  H n < a , 1 0 4 , 1 5 S , 2D2
—  i n  t h e  m a n u f a c iu r c  o f  n o n -w o v e o  f a b r ic s ,

—  m o v e m e n t,  i n  Castilla, 102
—  —  in  CrypsosUguiy 1 59 , i 6 o
—  -—  in  hfevca, 6 6
—  n o n - r u b b e r  c o n s t i tu e n ts  o f ,  3 0 7 ,  3 0 8
—  o f  v a rio iB  p la n ts ,  303  ff.

if fe re n c e s , 3 0 4  
------- s iz e  o f , 3 0 4 , 3 0 5
—  r e i c t i o n ,  7 3 ,7 5
—  r u b b e r - c o n tc n t  o f , 2 0 2 ,  203
—  s h ip m e n t ,  2 0 6
—  sp e c if ic  g ra v i ty  o f , 202
—  s p o u t ,  P I . 33(/-)
—  s p r a y ,  203
—  s ta b i l i ty ,  307
—  s t r a in in g ,  2 0 1 , 2 0 2 , 203
—  tu b e s ,  see L a te x  vesse ls
—  vfcsseU, in  Cryptostrgia, 156
------- i n  lie i-ea , b 6 , 6 7 , 6 8 . 6 9 , 7 0 , 1 9 5
------- in  ta u - M g h y z ,  174
------- s )-s tcm  o f , i n  Castilla, 102
------------ —  in  Cryptostegia grandiflara, 1 5 6 ,

1 5 7 , 303
------- -------- i n  Ileve ii,  6 8 ,  (ig
L a t i n  A m e r ic a ,  8 4 , 9 0  
I . C B  8 7 0  (H evea  c lo n e ) , 191 
L c a f - b l i g b f ,  see S o u th  A m e r ic a n  le a f - b l ig h t  
L e a f h o p p c r s ,  o n  k o V -sa g h y z , 2 4 7  
I . .e a f  s to r e y s ,  i n  H evea, -jz 
‘L e c h e r o ’, see Sapium  hippomane 
L e c h u g i i i l l a ,  see W j a w  lechueuiila 
L e c i t h i n ,  i n  H evea  la te x ,  3 0 8

L e e w a r d  I s l a n d s ,  Cryptostegia in ,  152 
L e g u m e s ,  a s  c o v e r - iT o p s  w i th  H evea, i8 8  
L c g u n n u o s a e ,  6 0  
I . e t t u c c ,  w i ld ,  see Lacfuca 
l . e u c i n c ,  i n  U tv ea  b t e x ,  308  
I J b e r i a ,  1 4 , 1 5 , 9 0
—  p la n t a t i o n  a c r c a g e ,  32
—  r u b b e r  p r o d u c t i o n  i n  W o r ld  W a r  I I ,  30
—  r u b b e r  p la n ts  i n ,  3 6 ,  3 8 ,  40
—  y ie ld  s t im u la t io n  te s t s  i n ,  2 0 0  
L ib r a r y  o f  C o n g r e s s ,  9 3  
L i c h e n s ,  o n  Castilla coslancam , 99  
L i f t a - ,  p o t a to ,  f o r  h a rv e s t in g  k o k -sa g h y z

r o o ts ,  2 5 4  .
—  .s u g a r - b e e t ,  f o r  b a r v c s tm g  g u a y u lc ,  232 
 f o r  h a r v e s t in g  I c o k - ^ g h y z  ro o ts ,

L ig h t - i n t e n s i t y ,  e i f e c t  o f ,  o n  r u b b e r  fo rm a ­
t i o n  i n  g u a y u le ,  131 

L ig y n s  gihbosvs, o n  g u a y u lc ,  2 2 9  
i J l i a c c a e ,  6 0  
L i ly ,  l a te x  o f ,  3 0 3
L im e s ,  f o r  c o a g u la t in g  Funtumia ia ie x ,  37  
L im e s to n e  r i d g e s ,  i n  g u a y u lc  h a b i ta t ,  108 , 

1 1 7 , 127  
L im in g ,  o f  k o k - s a g h y z ,  2 4 1 .  2 4 6  
Lim onius s p p . ,  o n  g u a y u lc ,  229  
L in in g ,  i n  p l a n t i n g  Ht-vea, 185 
L in in g s ,  p ip e ,  t a n k ,  a n d  m i l l ,  355  
L ip a s e ,  i n  la te x ,  3 0 8
L i th a r g e ,  a s  a  s t i f f e n c r  i n  r u b b e r  c o m p o u n d ­

in g ,  2 9 4
L i t h i u m ,  i n  C rypioslegta  l a t e x ,  158 
L o c u s t  b e a n  g u m ,  i n  c r e a m in g  Hevea la te x ,

‘L o m \ i r o ’ ( r u b b e r ) ,  see Cryptostegia m aJa- 
gascariensis

Lophopbora vnlliam sii, in  g u a y u lc  s ta n d s ,  i i b  
L o p o r i  ( r u b b e r ) ,  3 1 0  
L o r a n th a c e a e ,  60
Loranthus globosusy in  H evea  p la n t in g s ,  192
—  pentandrin, in  f lev e a  p la n t in g s ,  192 
Loxostegia dmilalisy o n  g u a y u lc ,  2 3 0  
Lucuma lastiocarpa, l a te x  p a r t ic le s ,  306  
L u m p ,  c u p ,  in  H evea  l a te x ,  201 
L u p e o l ,  4
—  in  la te x ,  3 0 8
L y g u s  b u g s ,  a s  p o l l in a to r s  o f  g u a y u lc ,  121 
Lygus hesperus, o n  g u a y u l c ,  229  
~  sallei, o n  g u a y u lc ,  2 2 9
—  s p p . ,  o n  g u a y u l e ,  2 2 9

‘ M a g a g o n i ’ , see T a u * s a g h y z  
M a c e r a t i o n ,  i n  e x t r a c t i n g  r u b b e r  f ro m  p la n ts ,

3 , 1 0 , 3 8 ,  4 8  
M a c h a d in h a ,  see M a c h a d in n o  
M a c h a d in h o ,  f o r  t a p p in g  Ilcx 'ea, 2 6 , 6 2 , <13. 
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M a c h e t e ,  f o r  t a p p in g  Sapiu m , 54 
M a c h in e r y ,  n ib b e v  m a n u f a c tu r e ,  2 8 7 , 297 
M a c in to s h ,  r a in c o a t ,  287  
M a d u ra ,  58
—  auram ica  N u t t . ,  58  
M a d a g a s c a r ,  ‘l o m b i r o ’ r u b b e r  f r o m , i S 3
—  r u b b e r  p l a n t i n g s  i n ,  i



U adassascar r u b b e r  p la n ts  m ,  1 7 , 37 . 3 8 , 39 . 
^ x i  + 2 . ' 5 2 . ‘ 54 ,  ' 55 ,  1 5 6 , 1 7 4 ^  

( T u b b c r ) , J «  1- i n c  P a r a  R u b b e r  
D io s ,  P e r u ,  M evea brasilicnsis in .  65

H c s h i m  h y c l r o ^ d e ,  m  m a n u f a c tu r e  o f  
■ ^ y s u lp h id e  r u b b e r ,  283 

CryptoU cnii la tex , 158 
_ i n l 3 t « ,  30*^
Maguey, set a sp nrvna

^ tK ^ n m n g s  o f  r u b b e r  p la n tin g  in ,  26, 63
— C ry p m sep a  in ,  152
_  new g c rm -p la im  o f  H evea, 81 
_  p lantarion acreage, 32
— rep lan ting  p ro g ra m m e , 192
—  r e s e a rc h  fa c i l i t i e s  i n ,  3 9 0  

ru b b e r  p l a n t s  i n ,  4 6 ,  4 7 .  152
— yield s tim u la tio n  te s ts  m , 200 
MaU'-an A rch ipe lago , r u b b e r  p lan ts  in ,  47 
L  peninsula, r u b b e r  p la n ts  in , 17 
Maliet, w ooden , fo r u p p m g  Sapiu m , 54 
‘\ialvaceae. 60
(WejnffuZ/orw c a c tu s , la tex  o l ,  303 
‘M angaba’, see H ancornia speciosa 
‘M iflgabcira ', u e  Hancornia specwsa
— r u b b e r ,  c r u d e ,  P I . s(^>
M anganese, in  Cryptostcgia  la tex , 158 
‘.\ianicoba’ ( ru b b e r) ,  s<re SU m h vt glazivvii 
‘M anicolw  d c  J e q u ie ’ ( ru b b e r) ,  see Manih'it

dkhotoma
M amhol, 1, 10, 2 1 , 33 . 34- 5 >. 52. 265,

267
— dkhotoma l i l e ,  33 , 52 , 310 
 la tex  p a rtic le s , 307
- g la z io v i i  M u e l l . - A r g . .  33 . S i .  2 6 5 , 310
— beptaphylla  U l e ,  3 3 .  32
—  la te x , p a r t i c l e s ,  3 0 6
------- s tab ility  o f , 266 , 305
-p i4 u k y e m is  U l e ,  3 3 ,  53
—  plan tings. 265

—  w S d  r u b b e r  d u r i n g  W o r ld  W a r  I I ,  2Q 
M m lta ra  hala ia , l a te x  p a r t i c l e s .  307  
 see a ls o  M im usops b a h ta
M a n illa  h e m p ,  a s  a n  i n t e r - c r o p  w i th  l i e i i a ,

187
‘M apa 'jif* ' Sa p iu vi auhleiim um  
‘iV lapam ’, see Sapiu m  aublettanutn 
M a rc n tta g e , i n  C ryptustegia p ro p a g ^ a tio ii, 162 
M an ad la  dussuinieri, in  H evea, U )i 
‘M a r io k ’, see Partheniiim  
M aridenia, 41
—  verruciisit D e c i i e . ,  3<), 4 0 .  41 
Mascorenhasta, 2 9 .  37
— anceps B o i v . , 3 7 '
■— anguslifoliii A .D C . ,  3 7
—  arhoresci-ns A . D C . ,  37  
~~ elastica K . S c h u i n . ,  3 7

G j s i a t i n ,  38  
, —  r u b b e r  c o l l e c t i o n ,  3 8

—  i‘i</re»3 0 )Sta tin , 38 
 ru b b e r  c o llcc tio n , ?8
—  knceolaia  A . D C ,  37
—  lisianihifolia A . D C . ,  37

 ̂ —  lon^folia  j u m . ,  ’,7
—  telulina  J u m . ,  3 7 , 3 8

P

M a s s a i (A ib b c t ) ,  310 
N -lassaranduba , tf<  Mimuseps txcelsa 
M a s tic a to r , I l a D c o c f s ,  287 

K rim -sagh j-z  
J f c t t o  G ro s so , B raz il, ru b b e r  p la n ts  in ,  6 4 ,6 ?  
M a t to  G ro s so  ( ru b b e r ) ,  j «  F in e  P a ra  R u b W  
M a u n tiu -s , 19 , 152 « \u oocr

M e a ly b u g , M ex ic an , on  g u av u le , see Phena- 
coaus gossypii 

M e c h a n io i l  c s tra c t io n  o f  r u b b e r  & om  p k n te
10 , n

— s u b i l i r y ,  o f  p rs s e rv c d  la te x , 207 
M e d ite r ra n e a n  (a re a ) , ru h b e r  p la n ts  in , 43 ,

4 8 , 49
M e d iu m  P a ra  R u b b e r . 309 
M e la n o p s is , s p p . ,  on  guayuSe, 229 
Melahotus s p ., on  g u a j-u k , 229 
Melodinus, 44  
‘M e ra lu k a ’, see Fiius vogelii 
-M ercap to b c n ith iaz o le , in  p re p a rin g  su p e rio r  

p ro c e ss in g  ru b b e r , 314 
.M ercu ric  c h lo rid e , lo r  co ag u la tin g  Funtumia 

la te x , 37
M cT Solite-19 , p r e ^ c rm in a t io n  tre a tm e n t o f  

g u a y u te  seed  w ith . 214 
M e ta ld c h y d e , c o n tro l o f  s lu g s  on  Ilevta  by . 

191
M e te r ,  h a rd n e s s , 323
M e th a c iy lo n itr i le , in  s^ 'n thesis o f  n itr ile  

r u b b e r .  281 
M e th y l  c h lo rid e , in  m a n u fac tu re  o f  b u iy l .2 8 2  
----- i- in o so to l ,  in  la tex , 308
—  pvTTolidine, in  sy n th e siz in g  iso p re n e , 272
—  v in y l s ilic o n e , 338  ̂ , ,
M e th y len e  b is -(4 -p h en y liso c y an a ie ). in  vu i- 

c a n j i in p  tlu o ro ca rb o n , 284 
'M e t ro la c ',  fo r m ea su rin g  spec ific  grav ity  ol 

l a te s ,  202 
M e t r o x ,  see C u p ro u s  o x ide  (p u rp le )
M c x ic o . i& , 1 8 . 0 1 ,507.
_  ru b b e r  p la n ts  in ,  1 6 ,1 7 ,1 8 ,  n j ,  2 0 ,3 2 .3 3 ,  

5 ^ . 57 . 58 , 5‘). 9 2 , t»8, w .  1 0 0 .1 0 6 .1 0 7 . 
■|o8, U 2 , 115, i i " .  1 1 8 ,1 1 9 .1 2 2 .1 3 2 . t.-,3,

_  r if lib c r^ p la n tin g s  in ,  i .  25 , 33 , 101. 5^2,

■ \ w ' n 1 b b n ) , . w
M ic h d in  i n J  G jm p a n * , p n e m m l.c  t y r o .

28<J, 2Q0 
M ia-jndra. 51
— mrwritenth.. jt

M i d s t ' * ' P * “ “ "

•M ilk  irCT ', ii-f Stifiiifii fitppmaite 
\ l l l k . t e d , A id t fU !

r a ^ r im c n r a l  “ f-



Mimnsa irifrmis, a s  a  c o v e r - c r o p  w i th  U evea, N e t e  in  f la m c - r e s is ta n i  c o n v e y o r  be llin g ,

— unxuf, 1 00 
Mmufiifs hihtff, 4 
 la te x  ( « r t i c k s .  307
—  txcelsa, u s e  o f  b i c x  a s  fo o d ,  303
M in e r , le a f , o n  g u a y u le , Phytom yza 

stritomts . ,
M in n e s o u  A g r ic u l tu r a l  E x p e n m e n t  S ta t io n ,  

f lo w erin g  s ta g e s  o f  k o k -s a g h y z  a t .  251 
M is s io n  o f  E n q u i r j '  i n t o  i h e  R u b b e r  I n d u s t r y  

o f  A ia la y a , f o re c a s t  o f  r u b b e r  c o n s u m p tJ o n ,

M fs t? c to c , a  s u g g » t c d  s o u r c c  o f  r u b b t r  in  
G e rm a n y .

~  in  I-Iex'ea p l a n i i n ^ .  192 
M i te .  tw c K sp o tted  s p id e r - ,  o n  g u a y u le ,  sec 

Telranyckus fnmacuklus 
M ix e r , in te r n a l ,  in  n i b b e r  c o m p o u n d in g .  3 9 3 , 

2t)7
M ix in g  ro l ls ,  see RfllLs, m ix in g  
M o d if ie d  r u b b e r ,  31 6  
M o d u lu s ,  a n d  d a s t ic ic ) - ,  318
—  i n  c o m p a r in g  r u b b e r s ,  2 9 8 , 321
—  m e a s u r c m c n i  o f ,  3 2 0
M o is tu r e ,  e f fe c t o f , o n  f lo w e r in g  o f  g u a y u le ,

130
M o u ld e d  g o o ^ ,  3 5 0  
M o l c a i k r  w e ig h t .  ! 0 ,  3 0 1 ,  3 0 2  
M old } - r o t ,  see Cerafastomella fimbricata 
M o lic n d o  ( r u b b e r ) ,  see F in e  P a r a  R u b b e r  
M o n k e y , p e s t  in  H rcca  p l a n t i n j p ,  191 
M o n o v in y l- a c e iy lc n c ,  i n te r m e d ia te  i n  s y n ­

th e s i s  o f  n « > p rc n e , 2 8 0  
M o ra c e a e , 2 1 ,  3 2 ,  3 8 ,4 3 ,  5 1 , 5 6 ,6 0  
M o r r iS 'M i in n  te s t ,  f o r  y ie ld  in  f lev e a , 7 1 ,  8 8 , 

8 9
M o z a m b iq u e ,  r u b b e r  p la n ts  i n .  3 7 ,  39  
M u r ia io  o f  p o ta s h ,  see p o ta s s iu m  c h lo r id e  
M y o - i io s o to l ,  i n  la te x ,  308  
M y r ic a c e a e , 61 
M y r ta c c a e ,  61
M yzus persira, o n  g u a y u le ,  2 3 0

N a p h t h a ,  a s  a  s o lv e n t  f o r  r u b b e r ,  2 8 7  
N 'a p h c h a ie n c  a c e ta m id e ,  in  r o o t in g  g o ld e n r o d  

s to lo n  c u t t in g s ,  168 
‘N a p l y w y o n  Ckondrilla, 5 0  
N a t io n a l  B u r e a u  o f  S t a n d a r d s ,  see U n i te d  

S u t K  D e p a r t m e n t  o f  C o m m e rc e
—  S c ie n c e  F o u n d a t i o n ,  3 9 2
N a ts y n  ( s y n th e l ic  p o ly is o p re n e ) ,  2 8 5 , 3 2 4  
N a tu r a l  R u b b e r  B u r e a u ,  3 9 2  
N a4ural Rubber Nea>s, 3 9 2  
----------- c o s t  o f  p r o d u c in g  n a t u r a l  r u b b e r .

3 « s
----------- p la n ta t io n  r e s e a r c h ,  3 8 7
------------s m a l lh o ld e r s ’ co U c g c , 3 9 0
N a u g a p o l  ( s y n th e t ic  r u b b e r ) ,  3 7 7  
N a u g a te x  ( s y n th e t ic  r u b b e r ) ,  2 7 7  
N e m a to d e s ,  o n  g u a y u le ,  2 1 6
—  o n  k o k - s a g h y z , 2 4 8
N e o p r e n e  ( s y n th e t ic  r u b b e r ) ,  2 7 2 ,  2 7 3 ,  2 7 6 ,

277
—  c ro s s - l in k e d  b y  i r r a d i a t i o n ,  3 4 4
—  in  a d h r a iv e s ,  3 5 4

— 'in  W o r ld  W a r  I I ,  2 7 8
—  la te x ,  177
—  m a n u f a c tu r e  o f ,  2 8 0
—  p r o d u c t i o n  a n d  p r i c c  i n  19 4 0 , 273
—  r e s i s ta n c e  t o  o x id a t io n ,  327
—  G  ( s y n th e t ic  r u b b e r ) ,  p e rm e a b il i ty  and  

d if fu s io n  r a t e  o f ,  3 2 6
Neriitm , 154
—  grandifiurwn, see Crypfdsugia grandifiora 
N e th e r l a n d s ,  r u b b e r  c o n s u m p t io n  in ,  376  
‘N c u b a r k ’, f o r  y ie ld  s t im u la t io n  in  H erea, jo o  
N e w  C a le d o n ia ,  r u b b e r  p la n ts  in ,  4 3 , 47
—  C e n tu r y  D ic i to n a r ) - ,  d e l i n i t i o n o f  r u b b e r ,  6
—  G u in e a ,  Ficus  p l a n t i n g s ,  33
—  M e x ic o ,  e a r ly  u s a g e  o f  r u b b e r  in ,  3 
N ic a r a g u a ,  r u b b e r  p la n ts  in ,  9 8 ,  9 9 ,  152 
N ig e r ia ,  1 4 , 15
—  p l a n ta t io n  a a e a g e ,  32
—  r u b b e r  p la n ts  i n ,  3 6 ,  3 8 ,  3 9 , 4 0 ,4 1  
N i t r i l c  r u b b e r ,  2 7 6
------- la t e x ,  i n  n o n - w o v e n  f a b r ic s ,  3 5 4
—  —  m a n u f a c tu r e  o f ,  281
N i t r o g e n ,  a v a i la b le ,  e f fe c t  o f ,  o n  ru b b e r  

f o r m a t io n  i n  g u a y u le ,  i j i
—  in  la te x ,  3 0 8
—  in  k o k 'S a g h y z  n u t r i t i o n ,  246
—  p e r m e a t i o n  a n d  d i f f u s io n  in  va rio u s  

r u b b e r s ,  3 0 6
N o . 6 0 4 ,  p r e - g e r m in a t i o n  i r e a im e n t  o f  

g u a j- u lc  s e e d  w i th ,  2 1 4  
N o n - w o v e n  f a b r ic s ,  3 5 4  
N o p a l  Colorado, see Opuntia slenopetaia 
N o r t h  A m e r ic a ,  r u b b e r  p l a n t s  i n ,  3 3 , 4 8 , 58, 

5 9 ,  6 0 ,  6 1 ,  1 3 7 , 1 4 1 , 1 5 2 , 169 
N o s to c i c e a e ,  61 
N ouetia, 4 4
N u r s e r y ,  b u d w o o d ,  H n-ea, 181
—  r o o t s t o c k ,  U evea , i 8 r ,  182 
N u t r i e n t s ,  in  g u a y u le  c u l t u r e ,  i . u  
N u t r i t i o n ,  g u a y u le ,  12 . 2 1 6 ,  2 2 4
—  o f  H evea, i n  t h e  f ie ld ,  189
------ - —  in  t h e  n u i- s c ry , 188
N y a s . 'a la n d ,  r u b b e r  p la n ts  in ,  39 
N y c u g in a c e a e ,  61 
N y m p h a e a c c a e ,  61

O c e a n ia ,  p l a n t a t i o n  a c r e a g e  i n ,  32  
O d o R in ts ,  in  r u b b e r  c o m p o u n d s ,  295  
Oedaleonoius enigma, o n  g u a y u le ,  239 
O idium , 82
—  heveac, o n  H evea, 190 
O id iu m  m i ld e w ,  see Oidium heveae
O i l ,  d ie s e l ,  f o r  w e e d  c o n t r o l  in  jju a y iile , 215
—  f o r  y ie ld  s t im u la t i o n  i n  U evea, 200
—  h e r b ic id e s ,  f o r  d is e a s e  c o n t r o l  in  fiuaj-ule 

n u r a c r i e s ,  2 1 6
—  p a lm ,  f o r  y ie ld  s t im u la t io n  in  Uevea, too
—  p a lm s ,  a.s a n  i n t e r - c r o p  w i th  Hevea, 107
—  r e s id u a l  e f f e c t  o f  u s e  a s  h e rb ic id e  \n th  

g u a y u le .  215
—  re s u r ta n c e  to ,  o f  r u b b e r .  325
—  - r e s i s t a n t  s y n th e t i c  r u b b e r ,  326
—  s to v e ,  f o r  w e e d  c o n t r o l  in  g u a y u le .  215



Oil ^ 'sa g c  o f  sy n -
th c i ic  r u b b e r  i n  E u r o p e ,  381

O m a g u a  In d ia n s ; ,  21 
O n a g ra c e a c , 61
O p p a n o l  U - 2 0 0  ( s y a i i ic t ic  r u b b e r ) ,  u e

p o ly is o b u ty lc n c
Opuniia im h ic a ia ,  i n  guayuJe stands, 1 16
_ tnegalarihu, in  g u a y u l c  s u n c l s ,  i i 6
^ m u ro d a s y s , i n  [ p ja y u le  s i a n d s ,  116
—  sienopeiak, i n  g u a y u le  s t a n d s ,  1 16 
O ra n g e , a d d e d  t o  Laitdolphia  r u b b e r ,  38 
O rg a m c  m a te r ia l s ,  in  s o i l  f o r  k o k - s a g h y z , 241 
O r in o c o  V a lle y ,  V e n e z u e la ,  r u b b e r  p la n ts  in ,  

5 1 , 6 4 ,  65  
O rn i th in e ,  i n  H evea  l a ie x ,  3 0 8  
O ro b a n c h a c c a c ,  61 
O sa g e  o r a n g e ,  see M a d u ra  
O v c r - b u d d in i ; ,  o f  h c v e a ,  7 6 ,  8 3 ,  1 83 , 184
____ f o r  d i s e a s e  c o n t r o l ,  i g o
O s tw a ld  v i s c o m e te r ,  u s e  o f ,  303  
O v e r -^ r o w th  t ) 'p ic a l  o f  i n c o m p a t ib le  c lo n e s ,

P I . 1 1 (a)
O v c n h o e s ,  n a t i v e ,  c r u d e ,  33  
O x id a t io n ,  r e s i s ta n c e  t o ,  327  
O x y d a se , i n  la t e x ,  30S
O x y g e n , p e r n i e a t i o n  a n d  d i f fu s io n  in  v a rio u s  

r u b b e r s .  3 2 6  
O s y p r o l in e ,  i n  H evea  l a te x ,  308  
O z o n e , 3 2 7
Qzoniam, v e g e ta t iv e  s ta g e  o f  Pbymalutrichum, 

22&

P a c k a g in g  a n d  s h i p m e n t  i n  r u b b e r ,  3 5 4 , 353 
P a k is ta n ,  14 
?alaq«ium , 4
—  guita  B u r c k ,  l a te x  p a r t ic le s ,  307
—  oblongifolium  B u r c k ,  4
P a ln u  s a n u n d o c a ,  nee Sam iiella cararrosa 
P a le y  C o m m is s io n ,  see U n i t e d  S u t e s  M a te r i ­

a ls  P o lic y  C o m m is s io n  
‘P a lo  a m iir i l lo ’, see Eupkorhia f u h  n 
‘—  Colorado’ , see Euphorbia fu lv d  
P a n a m a ,  q o
—  r u b b e r  p la n t 'i  i n ,  2 0 , 9 2 ,  9 5 , y S . 9 9 , 152
—  d is e a s e s  o f  H e it a  i n ,  83
—  r u b b e r  p la n t i n g s  in ,  8 2 ,  P I . 2 2 (^)
—  r u b b e r ,  see Perehea  s p .
P a p a in ,  i n  la te x ,  3 0 8  
P a p iv e r a c e ; ie ,  61
P a p u a , p l a n t a t i o n  a c r e a g e  in ,  3 2
—  r u b b e r  o f  Ficus rigo in ,  43  
Paraiariiim , 44 , 45
P a ra c r i l  ( s j - n th e t ic  r u b b e r ) ,  277  
P m g u a y ,  H ancw m a speciosa in ,  56 
P ofam eria, 44 
~  glandulifera  B e n t h . ,  45  
Paramerion martensi, i g i  
P a r a n a ,  r u b b e r  p l a n t s  i n ,  65  
P a ra  r u b b e r ,  see H evea  r u b b e r  
P a rtk en ia sinm , S e c t i o n  o f  Parlhenium , 113 ,

Portbenichaeia, S e c t io n  o f  Piirikeniumy 113 ,
115

Pari/tenium, 2 0 .  2 q ,  3 3 , 3 4 ,  113 , 1 1 4 . ” 5
—  ttlpinum ( N u t t . )  T .  &  G . ,  H 2 ,  1 13 . U 5

P o rth cB im a rg e n ta lm Q n y .A ^ fj  i ?  r ,  rg

------- n a t iv e  s u n d  o f . P i. 15
—  a u te to lo g y , 127
—  b io lo g y , iz^
~  hipmnaiifidum (O rteg a )  R o llin s , r i 2 .  ,11  

1 1 4 .1 1 5  ’
—  b o ta n y , 106
—  cineraceum R o llin s , 113
—  (onfertum G ra y , 113
—  confertum var. lyraiim  (G ra y )  R o liine , 20 ,

—  cyto log)-, n ^ ,  U 9  
~  densipilum B lake , 113
—  flow ers a n d  f ru i t ,  114, 120
--------------- d e v e lo p m e n t o f , 119
— fruiicosum  L e s s .,  1 1 3 ,1 1 5
—  g e n c tic s , 119
—  glomeratum R o llin s , 113
—  hispidum R a f ., 113, 114

-  hyueropkf<ns L . ,  113, 113 , 114, 115, 125
—  iucanum 2 0 , 112, u ; ,  114 , 115,

1 1 6 ,1 1 8 ,1 2 5
— uUe^nfoUum L - , 1 1 2 ,1 1 3 ,1 1 4
—  in te rsp ec if ic  h y b rid iz a tio n  in ,  135
—  le aves, 1 1 3 ,1 1 4
—  liluUium  (Jo n es)  B a m ib y ,  U 2 .  113, 115
—  lozanianum B a rilc tt ,  113
—  lyratum G ra y ,  see P . onfertum  %ir. lyratum
—  ro o ts , 112. i’i3
—  ru b b e r  fo rm a tio n , 4
—  sc h u ii  G r w n m a n  ex M illsp a u g h  & C hase ,

113
—  s ie m s , 113
—  stramonium, se e  P . tomeniosum v a r . 

slramonium
—  u x o n o m y , 112 fl‘.
------- m o rp h o lo g ic a l co m p a riso n  o f  th e

s p e c ie s , 112 IT,
—  tomenlosum D C ,  U 2 , 113 , 114, n j .  i> 8 .

R o llin s , 115 , 124, 125 , PI. tf tU )
—  tr ic h o m e s . 1 14
P a t ,  as a  s e e d  co v e r  fo r  ko k -^ a fh j-z , 244 
P e c t in , in  la te x , 308 
P ellicu kna, o n  H tvea, 85 , ic jt 
— Jilamenlosif, o n  Hei fu , 85

see S<tptum peleto „  .
b a rc in a '.  ‘P e lo to  b ia n c o ’, 'P e to io  l ig o so , 

‘P e lo to  m o ra d o ’, ‘P e lo io  ro sad o ’, seeSapium  
peloto

P e n a n g , Vrceola elJsiK^  47
P e o o e r  a s  a n  inter-<TOp w ith  >S7
_  w  s t im u la te  flow  o f  la tex  m  SUmhot

p o llin a to r  o f  Aselepias, 
P e fb u n a n  (sv-n thetic  n i b ^ r ) ,  p erm e ab ility  

a n d  d iffu s io n  ra te  01, 32b 
Perebea s p .,m is ta k e n  by  U lU a s  fo r  ^ • ' * 9 3  
P e m e a b i l i l y ,o f  n a m ra U n d  s ) -n .h « .c  ru b b e rs ,



P e r u ,  3 ,  i 6 , 8 i ,  91
—  d w c a se s  o f  H evta  in ,  85
—  n e w  f c r m - p U s m  o f  Hn-ia-, 8 t
—  r u b b e r  p k n t s  in ,  5 ^  53.  54 .  ^ S . 9 2 . <)8
—  r u b b e r  p r o d u c t io n  in ,  23  .
__ su b s id iz a c io a  o f  w ild  ru b b e r  c o llc c u o n  in ,

PCTSvian ( r u b b e r ) ,  K f  F in e  P a r a  R u b b e r  
P e s ts ,  in  l i n t a  p ia n t io g s ,  i(>i
—  c o n tro l  o f , 189 . . „  ,  „
P e t r o le u m , t o r  c o a g u la tin g  D yrra  la te x ,  40
—  r c c t i f ic J ,  a s  a  s o lv e n t f o r  r u b b e r ,  286  
P e y o te ,  ste Lophopkora m'lliamsii 
PezisM, S9
Phenacoccus eosiypn, o n  g u a y u le ,  2 3 0  
P h e n o ls ,  in  Crypteitesio  l a te * .  158 
P h e n y ia la n in c ,  in  Hevea l a t c s ,  308  
P h i l ip p in e  i s l a n d s ,  x, 152
------- Fia /s  in ,  43
------- p la n ta t io n  a c re a g e  in ,  32
P h ii l tp s  P e t r o le u m  C o m p a n y ,  a  n e w  p o ly -  

b u ta d ie n e ,  a 8 s  
P h i lp r e n c  ( s y n th e t ic  r u b b e r ) ,  377  
P h lo e m  t i ^ u c ,  in  ju a y i i l e ,  134  
P h om i, o n  k o k -^ J g h y z , 2 4 6  
P h o s p h a te s ,  in  k o L -sa g h y z  n u t r i t i o n ,  2 4 6
—  in  W fiwfl n u t r i t i o n ,  18S , 189 
P h o s p h o r u s ,  i n  Cryptostfgia  l a te x ,  15S 
P hyllostida, o n  ffevea , 19 1  
Phymuioihchum omnivorum, o n  Cryptostegis,

267
------- p n  g iia y u Je , 1 2 2 , 2 2 4 , 2 2 s ,  2 2 6
P h y n u to t r ic h 'n m  r o o t - r o t ,  see Phym aSolri- 

(kifin tmnivomm  
P h y m a r o t r ic h u m  r o t ,  see Phymatolrichum  

omnivofum  
P h y to b c c a c e a c ,  61
Phytomyza atricontis^ o n  g u a y u le ,  2 3 0  
Phytophthnra, 82
—  in  C o s ta  R ic a ,  85
—  in  g u a y u le  s o i ls ,  2 2 5
—  le a f - fa l l  a n d  d i e ^ a c k ,  8 § ,  190
—  r o t ,  o f  g u a y u k ,  set P . dreehsleri
—  dreehsleri, o n  g u a y u le ,  2 2 5
—  palm ivora, i n  C o s ta  R ic a ,  8 5  
 m i flev e a ,  190
‘P ia u h y ’ ( r u b b e r ) ,  se c  M anikol piaukyensis  
P ig e o n  o r c h i d ,  see Dischida s p .
P ig m e n ts ,  i n  r u b t« : r  c o m p o u n d in g ,  295  

, P ig ,  w i ld ,  i n  H evea  p la n t in g s ,  l y i  
P in e a p p le s ,  a s  a n  i n t c r - c r o p  w i th  / /n .- e a ,  1 8 7  
P in k  d is e a s e , o f  H evea, see Cortuium  salmoni- 

color
—  r o t ,  o f  g u a y u le  s e e d lin g s ,  216  
P i j ^ l e n c ,  3 7 6
—  i n  b u ty l - l ik e  p r o d u c t s ,  2 7 6 ,  2 8 2
—  i n  n i t r i l e  r u b t e r ,  281 
P la n ta g j i ia c e a e ,  61 
P l a n t a t i o n  a c r e a g e ,  H evea, 35  
P l s n t  b u g s ,  see Lygus  s p p .
P l a n t e r ,  s u g a r - b e e t ,  f o r  k o k - s a g h y z ,  2 4 4  
~  P la n e t  J u n i o r ,  f o r  k o k - ^ g h y z ,  2 4 4  
P l a n t  im p ro Y c m e n t ,  in  H evea, 7 7 , 7 8 ,  7 0 ,  8 1 , 

8 2 ,  8 4 .  8 s ,  8 6 ,  87
------- f o r  o ^ e r  r u b b e r - b e a r i n g  p l a n t s ,  see

u n d e r  n a m e  o f  c r o p
—  p a r a s i te s ,  o n  H evea, c o n t r o l  o f ,  19 2

P la n t in g  a t  s la k e ,  H r je a ,  t8 2
—  d cn s iilj’, in  Castilla, 267
------ - i n  Crypiostegia, 3 6 7
------- i n  t 'k a s ,  2 6 7
------- i n  g u a y u le ,  2 6 7
------- in  H evea, 1 8 6 , 2 6 7
------- - i n  M aniliot, 267
—  o p e r a t io n s ,  i n  H evea, 1 8 4 , 185
—  —  t im in g  o f , 186
P la s i ic i ty - -> c la s t ic i iy , 3 3 6 ,  3 3 7 . 3 4 0 ,  3 4 1 , 352
—  o f  r u b b e r ,  3 2 5 ,  331
—  m e a s u r e m e n t  o f ,  3 2 5  
P l ia b i l i ty ,  3 4 0
P H o ftex  ( s y n th e t ic  r u b b e r ) ,  277  
P l io l i i e  ( s y n th e t ic  r u b b e r ) ,  2 7 7  
P lu g  c o l le c t io n ,  i n  Cryptoslegia, 1 6 3 , 164 
P lu m b a g in a c e a e ,  f ir 
Plum eria, 57
—  scutifolia  P o i r . ,  57
—  lamberiiana  L in d l . ,  5 7
—  la t e x ,  c o l le c t io n  o f ,  57
—  m txicam , see P .  lanAertiana
—  rubra  L . ,  57
/ i - m e n t i ia n c  h y d r o - p e r o x id c s ,  in  lo w - te m p e ra -  

t u r e  p o ly m e r iz a t io n ,  279  
P o a ,  1 2 4
Pogonumyrmax barbatus, o n  g u a y u le ,  2 3 0
—  s p p . ,  o n  g u a y u le ,  229
P oinseuia, l a te x  c o a g u la te d  b y  a m m o n ia ,  307 
‘P o is o n  t r e e ’, see Sapiu m  hippomane 
P o le n io n ia c e a e ,  61
P o l la r d in g ,  o f  g u a y u le ,  see G u a y u le  h a rv e s t ,  

g u a y u le  c l ip p in g  
P o l l in a t io n ,  see u n d e r  i n d iv id u a l  c ro p s  
P o l y a c r j - h t e ,  l a te x  i n  n o n - w o v e n  f a b r ic s ,  354  
P o ly - a c ry l ic  e s t e r ,  i n  s> T ithesis  o f  a c ry lic  

r u b b e r ,  2 7 6  
P o ly b u ta d ic n e ,  2 8 5
—  c r o s s - l in k e i i  b y  i r r a d i a t i o n ,  341 
P o ly c h lo r o p r c n e ,  see N e o p r e n e  
P o ly e s te r  r u b b e r ,  d e f in i t io n .  2 7 6  
P o ly e th y le n e ,  in  b le n d s  w it l i  n a tu r a l  r u b lw r ,

3 8 2
—  in  c a b le  in s t a l l a t i o n ,  382
—  u s a g e  in  E u r o p e .  3 8 2  
P o ly g o n a c e a e ,  61
P o ly ls o b u ty te n e  ( s y n th e t ic  r u b l w ) ,  d e g ra d e d  

b y  i r r a d i a t i o n ,  341
—  p e r m e a b i i i ty  a n d  d if f u s io n  n i te  o l', 32(3 
P o ly is o p rc n e ,  3 ,  2 8 4
—  m ,  5 , 8 ,  2 8 4
P o ly is o p r e n o id s ,  b y - p r o d u c t s  o f  r u b b e r  

e x t r a c t io n  f r o m  g u a y u le ,  238  
P o ly p o d ia c e a e ,  61 
P o ly s a r  ( s ) -n rh e t ic  r u b b e r ) ,  277
—  b u ty l  ( s y n th e t ic  r u b b e r ) ,  277  
P o ly s u lp h id e  r u b b e r s ,  2711, 2 7 6 ,  2 7 7  
 m a n u f a c tu r e  o f ,  283
------- ty p e s  o f ,  283
P o ly v in y l  a c e ta te ,  l a te x ,  i n  n o n -w o v e n  

f a b r ic s .  3 5 4
—  c h lo r id e ,  in  c a b le  i n s t a l b t i o n ,  382  
 in  f l a m e - r e s i s ta n t  c o n v e y o r  b e l t in g ,  381
—  ~  la te x ,  in  n o n -w o v e n  fa b r ic s ,  354  
P o n t i a n a k ,  48
—  f ro m  B o r n e o  a n d  S u m a t r a .  311
—  see also Alslunia, Dyera



p o rc u p in e s ,  i n  fle v e a  p l a n u n g s ,  t g i  
Portuguese T i m o r ,  p la n t a t i o n  a c rc a g c , 32 
Potassium  c h l o r i d e ,  in  H evea  n u tr itio n , 189 
^  in  Cryptosiegia  U rc x  158
—  in  H evea  n u i r i t i o n ,  18^
—  in  kok-«2ghyz n u tr i t io n , 246

in  la tex , 308 . . .  ,  , .
—  n i t r a t e ,  m  g e m i i n a t i o n  o f  to V -s a g h j 'z

— ^ n u l p L l c ,  f o r  p o ly m e r iz in g  c h lo r o p r c n c ,  
a^i

p o ta to  g u m ,  4  
PoUsia, 4 4
P r e c u r s o r s ,  o f  r u b b e r ,  13 
P re s s e s ,  v u k a n i z i n g ,  2 9 7  
P r ic k in g  t e s t ,  C r a m e r ,  88 
P r i m u l a c a e ,  61
Proceedings o f  the Im tiiu tion  o f  the Rubber 

Indu stry, 3 9 2  
Prodenin orm tkogalli, o n  g u a y u le ,  230  
P rc rtiu c t c o n t r o l  in  r u b b e r  m a n u fa c tu r e ,  29 7  
P r o l in e ,  i n  H evea  l a te x ,  308  
p r o p y l c n e  d ic h lo r i d e ,  in  t h e  m a n u f a c tu r e  o f  

p o ly s u lp h id c  r u b lw r s .  2 7 6  
P ro te a s e ,  i n  la te x ,  308  
P r o i m s ,  i n  c h i l i e ,  3 0 9
—  in  la te x ,  3 0 8  
P r u n i n g ,  o f  H evea, 1 8 5
Psonchaearpus paluslris, a s  a  c o \ e r - c r o p  w itJi

P t J a r t ]  P I .  29( * ) .  PI- P ’- PL

—  p ^ seo lo idcs,3S  a  c o v e r - c r o p  w ith  Hcuea, i8 8  
P u e r to  R ic o .  C a slilU  in ,  105
--------Crypiostegia  in ,  t.SJ
T u p s ’ , g o ld e n r o d ,  1O8 
P u r p l e  a l la m a n d a ,  j.-? Cryptosiegui maJa- 

gascan^fish 
P u r u s  ( r u b b e r ) ,  see F in e  P a ra  R u b b e r  
P u tu m a v o ,  2
P V C ,  i «  P o ly v in y l  c h lo r id e  
Pythm tii, i n  g u a y u lc  s o i ls ,  225
—  o n  k o k - s a g h y z ,  246
—  uhimiim, 2 i \

Q u e b r a c h i t o l .  in  ia ic x ,  30S 
( Q u e e n s la n d , Crypm stesia  in ,  15-2 
C ^ e r c t a r o .  I n i l i a n  la n g u a g e ,  20

R abb it b rush , see Chrysi’lhaim us  
R aincoats, early n unufacture ot, 18, 23 
•R am bocnfi'. u r  Ficus ek m c a  
‘R im b o n ^ ; ’,  see Ficus eliislit:^
R am ularia, o n  k o k -s a g h j-z , 24b  
R a n u n c u l a o r j c ,  fei 
Raphwnacm e, 42
—  K /i/w  N .H U r .  &  S ta p f ,  42  
R a s t r e r o .  see Opuntia meguUrthi 
R a t s ,  in  / / « v r a  p la n t in u s ,  i g i  
R a y  fla rech . F ig , 4 
R e a l  J a r d i n  B o ia i i i t o .  02  
‘R e d  k u n o ’ . see Ju i ,<  plotyphylid 
R e d  r o o i - r o t ,  o f  U ereu. •

pseudoferreum

R e d o x  fo rm u la , fo r  lo w - re m p e r« u r e  p o iy -  
m c r iz a t io n , 279 

R e g u la to r , to  c o n tro l  s p e e d  o f  p o ly m e r iz t-  
t io n ,  278

Report OH ike Progress o f  Rubber Tecksohgy,
392

R e s ^ c h ,  h ig h -p o ly m e r , 391
—  in  in d u s tr ia l  d e v e lo p m e n t, 385
—  in  p l a n u t i o n  dcY c lo p m e n t, 3 ^  ff.
—  o n  sy n th e t ic  r u b b e r ,  391 
R ra ilic n c e , 14 , 348
R c s in iie , see P o ly su lp h id e  ru b b e rs
KCSUIS, ^
— colloidal, for coagulating Cryptostegia 

latex, 158
—  drying, by-products o f  guayule ru b b e r  

dc-rcsination, 238
—  in latex, 308
—  in relation to rubber formation in guayule,

—  in wild rubbers, 2 , 3 
Resistance to chemicals, o f  rubber, 349 
Restriction, British, 29
—  international, 29 
Rctonos,guayule, r i i  
Retting, of goldenrod leaves, 270 
Reunion Island, Cryptastegia on, 152  
 Fi(us albinercis on, 43
Revue GHicfale Ju CaouUkoae, 392 
Rhatnnaceae, 61 
Rhiz4)ctonia, on kok-saghyz, 246 
Rhodesia, Northern, rubber plants in, 38, 41 
— Souihem , rubb«- plants in, 3 8 ,4 0 ,4 1  
Rhynchodia, 44
—  spallichii H o o k ., 45
R ice, in liaits for snails and slugs, 191 
R io  Grande do Norte. BrazU, 51
—  Nunez (rubber), 3 10
Rock phosphate, in Hevea nutntion. 
‘Rolisummi semamby’ (rubber), s«  Sspium

Roils,“I i t in i f ,  287. 203. 297. PI- S j f
Root and crown rot, ol guayulc. see Phytopkth- 

or<i drecksleri _
—  crops, rubber, Russian. 36
— dkcases. o f/ / r t fa , 180

_ .Lnoc nematode. Heterodera mamm  
_  -rot, o f ^us'-ule seedlings. 21(1 
_____of kok-saghy/., 24b, 247
—  rubber, Carp«dmus, 41
------ l^nM ph tu .y )_  , ,

-.h v b rid .? b
. .  -skd liiij:', PI

R R I ^ ^ r R u t t e  R ^sar'--h te tiT O C  o f

R r S i'“ w  K u b t e  R « » « h

R. T u i t o b i l t  a .m p .^ y .  tw iiig  o f  r u b t e ,

Kub'^T ivcuniuiauon, 10 . u ,



R ubber jcsum u lJtio n  in  go ld cnro j, l6 6 , 167 
------- in  ffv ia y u k , 1 2 , f j i ,  2 ” > 231
------- in  H evia , i i
------- in  to k - s a g h y i ,  u .  1 4 J .  i 44 , H 5
_ _ _ _ _ in  r e l i t i o n  10 f lo w e r in g . I 3 , 1 3 * . 13^
____ in  rc L u io n  t o  g r o w th ,  l a ,  131 , 13^ .

<J4 .  '3 5
------- in  ta u -« 3g liy z , i 7 -»
____ in  t h e  d e s e r t  m ilk w e e d s , 177
—  A fr ic a n , 5 , 2 2 ,  2 8 , 3 1 0
R M t r  Age, 2 7 7 . ^ 7 3 , 2 ^ ,  3 9 ^
------- e x p a n s io n  jo m t ,  360
------- in l la to p U n c , 352
------- s c j l e d  ta n k  c o n ta in e r ,  355
R u b b e r ,  . \m a :5 o n , aS
R u b k r  and Ptasiks A ge, 3 8 1 ,  39^
R u b b e r ,  a s  a  fo o d  r e s e rv e , r o ,  1 1 , 1 3 1 . 231
—  a s  3 p h y s ic a l  c o n c e p t ,  8 ,  9

—  t a lS , PL 3(»). PI- 5 7 W . PI- 5# )
—  b a lls ,  show -n  b y  C o lu m b u s ,  18 
__ b a r o n s ,  in  t h e  A m a z o n  V a lle y , 28
—  b re a k -d o w n  o f ,  293
—  c h e m ic a l , 10
—  c h c tn ic a l iy  a l te r e d ,  352
—  c h c m ic a l  s t r u c tu r e  o f ,  2 8 ,  300  
Rubber Chemislry arid Technology, 3 9 2  
R u b b e r ,  c o m p o u n d in g  o f , 2 8 ,  2 9 3  ff-
—  c o m p o u n d e r s ,  e a r ly ,  2
—  c o n s u m p t io n ,  p r e d ic t io n  o f ,  375
------- d e c a d e n io u b l in g ,  377
------- i n  t h e  n in e ie e n th  c e n tu r y ,  27
------- - s in c e  1 9 0 0 , 3 7 8 , 379
----- c o n te n t ,  o f  g u a y u ic ,  131
—  —  o f  ^ l y u l e ,  H evea, a n d  ta u - s a g h y z ,  13 ,

— o f  ffn tea  l a te x ,  2 0 2 , 203
—  c r u d e ,  5 , 9
—  c u l t iv a t io n ,  f i r s t ,  1
—  d e f in i t io n ,  3 , 6 ,  7 ,  8
—  D e v e lo p m e n t  C o r p o r a t io n ,  U n i te d  S t a te s ,  

2 1 ,  29
----------- Ja tro ph a , 55
----------- S a p iw n , 5 2 , 54
------------w ild  r u b b e r  c o l le c t io n ,  29
—  d r y in g ,  c r e p e ,  2 0 5  
 s m o k e d  s h e e t ,  2 0 5
—  e c o n o m ic  f l u c t u i t i o n s ,  2 9 0 ,
—  e r p a n s io n - jo in t  f o r  r o a i s ,  im p r o v e d ,  P I .
■ 6 4 ( i )
—  f o r m a t io n ,  1 0 , i f ,  1 2 ,1 3  
 - i n  g o ld w ir o d ,  166
------- i n  g :u a y u le , H evea, a n d  k o k - s a g h y z , 12 ,

13
------- i n  H evea, 6 6 ,  7 8 ,  7 9
------- in  r e la t io n  t o  e n v i ro n m e n ta l  f a c to r s ,

131
------- in  r e la t io n  t o  r u b b e r  a c c u m u la t io n ,  131
------- r o le  o f  Hevea b a r k  in ,  6 6 ,  67
Rttbhcr Ftirmulary, 392
R u b b e r ,  f ra c t io n a t io n  o f ,  3 0 1 , 3 0 2 ,  303
—  g e n e r a l - p u r p o s e ,  2 7 5 , 2 7 8 , 3 8 0
—  g o o d s  m a n u f a c tu r e ,  292  
 b a s ic  m a c h in c rv ,  297
—  —  —  f a b r ic a t io n ,  2 9 6
—  ------- p r o d u c t  c o n t r o l ,  2 9 7 , 298
—  g r a d e s  o f ,  2 0 3

R u b b e r ,  h y d io s a r b o n ,  3 ,  5 ,  6 ,  8
—  h y d r o c h lo r id e ,  352
—  in d u s t r i i i l  a n d  c o m m e rc ia l  s t a t u s  i n  tlie  

tw e n t i e t h  c e n tu r y ,  2 9 8
—  in d u s t r i a l  a p p l ic a t io n s  o f ,  2 9 1 , 2 9 2 ,  347
—  in  le a v e s  o f  C rypioslegia, 13
—  i n r o a d s ,  3 5 9 , 3 6 0
—  in  te c h n ic a l  l i t e r a tu r e ,  8
—  i n  ty r e s ,  3 5 7 ,  358 
~  in  t h e  h o m e ,  361
---------------- a d h e s iv e s ,  3 6 7
---------------- i i fh lc t ic  g o o d s ,  3 6 5
---------------- d r u g  s u n d r i e s ,  3 6 3
__________ e le c t r ic a l  a p p U a n c c s ,  361
------- --------- l lo o r  c o v e r in g s ,  362
---------------- fo a m , 3 6 4

---------------- m is c e l la n e o u s  u s e s  o f , 3 6 8
__________ n o n - e le c t r ic a l  a p p l ia n c e s ,  362
---------------- s p o n g e ,  3 6 6
---------------- t h r e a d ,  3 6 4
---------------- to>-s, 3 6 5 , 3 6 6
---------------- w e a r in g  a p p a r e l ,  363
—  in  t h e  o i l  i n d u s t r y ,  353
------------ e ig h t e e n th  c e n tu r y ,  1 8 , 20
------------ n in e t e e n th  c e n tu r y ,  21
_______ s ix te e n th  a n d  s e v e n t e e n th  c e n tu r ie s ,

18
------------ tw e n t i e t h  c e n tu r y ,  28
------- tr a n s p o r t a t i o n ,  3 5 6
------------ n o n - ty r e  u s e ,  3 5 6
------------ n o n - ty r e  u s e  i n  a u to m o b i le s ,  3 3 9
------- tr a v e l ,  3 5 6
Rubber Jo u rn a l,  3 9 2  
R u b b e r ,  m a n - m a d e ,  10
—  m a r k e t  t y p e s  o f ,  2 0 3 ,  3 0 9 ,  3 : 0 ,  311 
— • m o d i f ie d ,  3 1 6
—  ra o lc c u la r  w e ig h t  o f ,  3 0 1 ,  3 0 2
—  m o le c u le ,  3 0 0
—  n a tu r a l ,  9
------- b r i t t l e  p o in t  o f ,  3 2 8
------- c h e m ic a l  s t r u c t u r e  o f ,  3 0 0
------- c o m p .i r e d  w i th  s y n th e t i c ,  9 ,  3 0 ,  3 1 7 ,

3 2 4 ,  3 2 8 ,  3 2 9 , 3 3 0 .  3 8 0
—  —  c o n t i n u in g  n e e d  f o r ,  30
------- c u l t iv a te d  s o u r c e s  o f ,  31
------- f r a c t io n a t io n  o f ,  3 0 1 ,  3 0 3 ,  3 0 3
------- g e n e r a l  v a r ia t io n  o f , 3 1 7
------ - i n  a d h e s iv e s ,  3 5 4
------- n o n - r u b b e r  c o n s t i t u e n t s .  3 , 5
------- - p e r m e a b i l i ty  a n d  d if f u s io n  r a t e  o t ,  326
------- p r o d u c t i o n  c o s t ,  3 8 2 ,  383
------- r e s i s ta n c e  to  o v id iu io n ,  3 2 6 , 327
------- s o u r c i s  o f ,  31
------- v a r ia t io n  in  m o le c u la r  w e ig h t  o f ,  3 0 1 ,

3 1 7
—  o n  t h e  f a r m ,  368
------- --------- in  m L sc e ila n e o u s  f a r m  e q u ip ­

m e n t ,  3 7 3
---------------- m  p o w e r  b e l tm g ,  3 7 t
----------- - —  in  s p r a y in g  ^ u i p m e n t ,  3 7 2 ,  373
------- —  —  in  s to c k  r a i s in g ,  3 7 4
—  — ------- in  t r a c t i o n ,  3 6 9 ,  37°
---------------- in  t r a n s p l a n t e r s ,  372
--------------- - i n  t r a n s p o r t a t i o n ,  371
—  p a c k a g in g , 2 0 7 ,  3 5 4
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M tivc areas o f  m am . F ig . i
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ment of, 29, 30
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—  testing, 297,298
—  tube, being extruded, PI. sUb)
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 in 1900, 290
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------- increase
r u b b e r  3 8 s

_____ in  t h e  A m a z o n  \  a l le y ,  22
____ s o d o lo g ic a l  v a lu e  o f ,  14
____ w o r ld  m a p  s h o w in g  m a m  a re a s  ot
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_  pudding (ru bber), 46
—  pure, 5 , 7
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_______ in  CryptosU gia, 159
________ in  H evea, -i)
—  R e s e a r c h  I n s t i t u t e  o f  C e y lo n . 369
------------ o f  M a la y a ,  3 9 0
_____________ in t c r - c r o p s  to r  tievea.
_____________ ro o ts to c k s  f o r  I ln e a .  ~b
_____________ s k im  r u b b e r ,  3 ’ 4 .  315 ,
_____________ s u p e r i o r  p r o c e s s m g  r u b b e r ,

s u p e r io r  p ro c e s s in g  r u b h e r ,

te c h n ic a l ly  c la s s ih e d  r u b b e r ,

_ 1  ^ ^ y i e l d  s t im u la t io n  te s t s ,  .lOO
—  ‘s e e d l i n g ',  P I . 3° ( " )
—  s h e e t i n i t .  e s t a t e ,  2 0 4 ,  205
------- s m a l ih o l i lc r .  2 0 4 ,  2 0 5
—  s m o k in g ,  2 0 5
—  s o lv e n t s ,  e a r ly  n e e d  fo r ,  28(>
—  spccialitv-purpuM '. I 75 i - 7" '
Ruhher S la lis t ia il  BulUtut. 3 8 3 , 3';i2
R u b l w ,  s t r u c t u r a l  q u a l i t i e s  o f . 347
—  synthesis, b c^ n n n in ^ sot.27 i

------- b u t a d i e n e - a c r y l o m tn l c  ty p e s ,  2 , ,
---------------sivvene types, 277
--------com pared ith natural rubber, 3c
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2 7 1 , 2 7 2 , 2 7 3  o .
--------Eu ropean  usage o l , 30 1
--------first, 28  g
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--------inanufacuirc o f, 27®
--------production o f, 274> ^7 ^
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--------research, 3 9 1 ;  umformity.
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natural rubber, 274

prior to Goodyear, 286 
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-------to the plant, i -
—  wild, 28, 2 9 .3 0 .3 I ’ 3 0 8 “ '
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_____traniportation of fuel over rough

terrain, 355 ,
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—  polvsulphide ru b lw  in, 2S3
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—  aucupm um  J a c q . ,  5+
—  bagotense H u b e r ,  54
—  (iliatum  H e m s l . ,  54
—  erlanduliisum  U le ,  54
—  iafnatum  (M u d i .- A r s t . )  P a s  &  H o f fn i . ,  54
—  hippomunc G .F .W . M cy . S3 
— jeam am  H c m sL , £ 2 , 53
~  m am ieri H u b e r ,  54
—  pavoHianum H u b e r ,  53
—  peleto P a s  &  H o f lm ..  53
—  itylart  M u c U .-A rg .,  S4
—  tabuTU U ic ,  S3
—  ta p p in g  m e th o d s ,  5 4 , 55
—  vtTUTK H e m s l . ,  53
S a p o n in ,  i n  Cryptostfgia  la te x , 158 
S a p o ta c e a t ,  4 ,  3 f ,  61
S a ra w a k , 3 4 , 1 5 , 32
S a w d u s t ,  a s  a  l i l le r  f o r  k o k -s a g h y z  s e e d ,  2 4 4  
S a ju f r a g a c c ie , 61 
‘S a y i’, s ff  f i fu s  vogilii 
S B R  (s y n th e t ic  r u b b e r ) ,  280
—  o j l d ,  280
—  c o n s u l t a t i o n ,  274
—  g e n e ra l-p u rp iK C , 2 8 0  
~  h o t ,  28 0
—  i n  b le n d s ,  3 8 s
—  lo w - ic m p e ra c u re  m im u f a a u r e  o f ,  379
—  n u n u f a c m r e  o f ,  2 7 8
—  m ^ tc r b a t c h e s ,  280
—  p ro d u c tio Q  o f ,  1 / 4
—  o i i - c x te n d e d ,  2 8 0
—  s p e d a l i ty - p u r p o io ,  2 8 0
S c a f fo ld in g , f o r  u s e  i n  poU inatinE? H evea, 7 7 , 

P I. i i{b )
Schsma, h o s t  f o r  r u b b a - 'b e a r m g  Balanophora, 

59
S cl^ o lim a , i n  g u a y u ie  s o i is ,  2 1 6 , 2 2 4
—  in  s to r a g e  o f  g u a y u lc  s e e d l in g s ,  2 2 0 ,2 2 1
—  in  t r a n s p la n t in g  guay -u le  s e e d l in g s ,  2 2 4
—  minor, o n  g u a y u le ,  226
—  o n  k o k -sa g h y ? ., 246
—  r o t ,  o n  g u a y u le ,  226
—  siteroliorum, o n  g u a y a ie ,  2 2 0 ,  2 2 6  
Sclerotimn, o n  k o k - s a g h y z , 2 4 6
—  batalkola, o n  g u a y u le ,  r i g  1 2 2 , 2 2 4 , 3 2 7 , 

228
—  rolfsii^ o n  g u a y u le ,  2 1 6 , 225  
ScoUtglrickum, o n  H c d m , i q i  
Scorzcncra, 3 4 , 4 9 ,  5 0 ,  i 6 g ,  1 7 2 , 173
—  acanikoclada F r a n c h , ,  4 9 ,  5 0 , 1 7 -2 ,1 7 3  
 in  n a t u r e ,  174
—  aibicoulis B u n g e ,  17a
—  divaricaia  T u r c z . ,  172
'— kissaricata C .  W in k l . ,  172
—  karatavitnsis M  K u l t . ,  172
—  hugipes M . K u l t . ,  172
—  m anae  M , K u l t . ,  172
—  ra c m o ia  F r a n c h . ,  172
—  r u b b e r - b e a r i n g  sp f f i ie s  o f ,  172
—  tau-sagkyz L tp s c h i i z  &  B o s s e , 1 3 , 3 1 , 3 6 , 

4 9 .  > 0 2 ,1 3 3 ,  1 7 2 , 173
------------ in  n a tu r e ,  173
------------ la te x  v G s s e ls , 'i7 4
------------ r u b b e r - c o n t e n t  o f ,  13
------------ see also T a u - s a g h y z
—  tragopogonoides R c g e l  Sc S c h m a lh .  s . l . ,  172

z vv i/o iii M . K u l t . ,  172
—  u'rgata  D C , ,  172 
S c r a p  r u b b e r ,  e s ta te ,  2 0 3
—  —  g r o u n d ,  2 0 6
S c r e c n ,  v ib r a i in g ,  in  r u b b e r  e x t r a c t io n  f r o m  

k o k -sa g h j-z , 2 5 8  
S c r o p h u la n a c e a c ,  61
‘S e a le d  u n k ’ c o n ta in e r ,  f o r  f lu id s ,  3 5 5 , P L  

6i(/>)
S e e d  h a r v e s t e r ,  f o r  g u a y u le ,  P I . 37(b)
S e e d in g  s e a s o n ,  J / n e a .  1 8 6 , 187  
S e e d l in g  r o o ts to c k ,  P I .  2 8 (a )
—  r o t ,  o f  g u a y u le ,  2 1 4
S e e d l in g s ,  s u c c e s s fu l ly  b u d d e d ,  P I . 2 6  
S e e d s  a n d  s e c d -p o d .s  o f  Cryptosiegia grandi~ 

flo ra , P I . S I  
S e g r a d o r ,  sse Opuntia microdasys 
S e le n iu m ,  i n  v u lc a n iz a t io n  o f  r u b b e r ,  3 3 4  
S c m e s a n ,  p r e - g e r m in a t i o n  t r e a tm e n t  o f  

g u a y u le  s e e d ,  2 1 4  
S e n d a i ,  Latuiolphia heudelolii in ,  39  
‘S e r in g a ’, t h e  H evea  r u b b e r  t r e e ,  21 
‘S e r in g a l i s ta ’,  t h e  o w n e r  o f  a  r u b b e r  p r o p e r ty ,

‘S e r in g a r a n a ’, see Sapiu m  marmieri 
‘S e r in g u e i r a ’,  see Sapiu m  m armieri 
‘S e r in g w e r a n a ’, see Sapiu m  tahuru 
‘S e r i n g u c r o ’, a  r u b b e r  t a p p e r ,  21 
S c r n a m b y  d e  c a u c h o  ( r u b b e r ) ,  3 1 0  
S H A D A ,  see S o c ie ty  H a i t ia n o - A m e r ic a in e  

d e  D e v e lo p p e m e n t  A g r ic o le  
S h e a th ,  k o k - s a g h y z ,  see K o k - s a g h y z  b a r k ,  

s l o u g h in g  
S h o K ,  e a r ly  f o r m  o f  c r u d e  r u b b e r ,  22 
S h o r t - s t o p p e r s ,  f o r  e n d in g  p o ly m e r iz a t io n  

r e a c t i o n ,  2 7 8 ,  2 7 9  
S i a m ,  see T h a i l a n d
S ie r r a  L e o n e ,  c o a g u la t io n  o f  Funtum ia  la te x  

i n .  37
------- r u b b e r  p la n ts  i n ,  3 6 ,  3 8 ,  40
S i h s t i c  ( s y n th e t i c  r u b b e r ) ,  2 7 7  
S i l ic a ,  in  la t e x ,  3 0 8  
S i l ic o ls ,  i n  s y n th e s i s  o f  s i l i c o n e ,  2 7 6  
S i l ic o n e ,  i n  C rypioslegia  l a te x ,  158  
S i l ic o n e s  ( s y n th e t ic  r u b b e r s ) ,  8 ,  2 7 7
—  d e f in i t i o n  o f ,  2 7 6
—  re s i s ta n c e  t o  o x id a t io n ,  3 2 7
—  v u lc a n iz a t io n  o f ,  3 3 8 ,  3 3 9 ,  3 4 0  
S im a iD u b a c ra e ,  61
S in g a p o r e ,  g e o g r a p h ic a l  c e n t r e  o f  p la n ta t io n  

i n d u s t r y ,  31
—  f ir s t  s h ip m e n t  o f  H evea  r u b b e r  p la n ts  to ,  

6 3 ,  6 4
—  ‘g e ta h  s o e s o e ’, 46
—  r u b b e r  f r o m  I n d o - C h in a ,  44
—  r u b b e r  p la n ts  i n ,  a6
—  B o ta n ic  G a r d e n ,  t i r s t  Ilrv e a  s e e d l in g s  a t ,  

26
------------ fuT!t H fvea  p l a n t i n g  a t ,  63
S is a l ,  a s  a n  i n t e r - c r o p  w i th  H evea, 187 
Sixeonotus areolatus, o n  g u a y u le ,  2 2 9  
S K I  ( s y n th e t i c  p o ly is o p r e n e ) ,  2 8 5 ,  3 2 4  
S k im  r u b b e r ,  3 1 4 ,  315
--------p r e p a r a t io n  o f ,  3 1 5
S la s h in g ,  i n  H evea  c u l t u r e ,  185  
S la u g h te r  t a p p in g ,  198



S lu g s , in  Htvtu. p l a n t i n g s ,  191 

S c W t o f c n  r u b b e r .  327
3 c d  s h e e t ,  a o 3
_  -  b a l in g  o f ,  2 0 7  
_ _  -  d e f c c ts  i n ,  20O 

g r a d in g  o J , 2 o 6  
r i b b e d ,  2 0 3 ,  .

S m o le  f »  <1W  ■ yb l” '-. “ 5 
S n a il,
S » i i ,  ii> H m ' '  P la M “ SS . >5 ‘
—  c o n t r o l  o f ,  191  , ^  ,
S o c i^ td  H a i t i a n o - A m e n c iu n e  d c  D e v c lo p p e -

m e n t  A g r ic o lc ,  1 6 3 , 1 6 4  
S o d a  c a u s t i c ,  f o r  w a s h in g  iso b u t> -lcn e , 282 
^  i n  s y n th e s i s  o f  s o d iu m  p o ly s u lp h jd e ,  283
-  t o  r e m o v e  i n h i b i t o r  f r o m  b u ta d ie n e ,  27 8

Solidago semptrvirens L . ,  168, 169
------- v a r b t io n  in ,  169
S o lim o c s  ( ru b b e r ) , u e  F in e  P a n  R u b b e r 
S o lv e n ts , ru b b e r ,  286 
S o m a lila n d , rubhCT p la n ts  in ,  42 
SoT t^, Sit D n ijl ir m  cedrosana 
S o u d ^  ( ru b b e r ) ,  310
S o u th  A m e r i a ,  i ,  4 ,  16, 18, 19 , 3 1 , 3 2 , 33 , 

S I ,  6 4 ,1 5 2 ,1 6 9
—  A ir e r ic a n  le a f -b iig h t,  8 1 , 8 2 , 8 3 , 8 4 , 85 , 

8 8 , 8 9 , 9 0 , iq o
 — ------- see also DothiicUa a/W
--------------- fu n g ic id a l c o n tro l o f ,  8 3 , 84
--------------- ra tin g  c o d e , 8 3 ,8 4
----------- d ise a se , set S o u th  A m e ric an  ie a f-

b l ig h t
— C a ro lin a , ru b b e r  p la n ts  in ,  59
—  D a k o ta , ru b b e r  p la n ts  in ,  59
C__.L«.>m  r e m o v e  in h i b i t o r  f r o m  b u ta d ie n e ,  2 7 8  -  U a k o ta , r a o s e r  p u n t s  1

SodiumchlDridc.asacoagulantofCa^r«r.,«

f o r  ^ g u l a l i n g  l i a n c o r n i a  la te x ,  57
____ f o r  c r e a m in g  S B R  b t e x ,  2 7 9
____ f o r  c o a g u la t in g  WillughbcKt b t e x ,  46
-------- i n  C ryftosteg ia  s o i l ,  156
------- i n  k rim -sa g h > -z  s o i l .  1 4 °  .
------- in  synthesis o f  acrylonitrile, 281
—  f lu o r id e ,  a s  a  c o a g u la n t  f o r  Land»lphui

heudelotii l a t e x ,  4 0  .
—  f o r m a ld e h y d e  s u lp h o x y la te ,  a s  a n  a c a  v a to r  

o f f o w - t e m p e r a t u r c  p o iy m e r iz a t io n ,  3&0 ^
—  h y d r o x id e ,  f o r  s tab ilizm *^  Crypioslegia

—  h ^ o i ^ l o r i t c ,  f o r  t r e a t i n g  g i u y u lc  s e e d ,

—  in ^ C ry * /tn r f^ « d  latex , 15 8  . „
—  n i t r a t e ,  f o r  y ie ld  s t im u la t io n  in
—  p e r b o r a t e ,  i n  s y n th e s i s  o f  a c r j 'l ic  ru b b e r ,

- " ^ l y s u l p b i d e ,  i n  t h e  m a n u f a c tu r e  o f  po ly ­
s u lp h id e  r u b b e r ,  2 8 3  .

—  r e s i n a t e ,  f o r  c o a g u la t in g  Cryptostegia

- ‘S t f s o a p ,  f o r  e m u k l f y in s  c h lo ro p re n e ,
281

OVUltlOU w ill, Ui .«•-
Spain, gut'i'ulc in, 36, 2 10
—  experiments with kok-Mghj-z in, 150
—  krim-saghvz in, 139
Spergon, pre-gertninarion treatment ot 

eua>Tile seed, 2 14  
Spergonei, pre-germination treatment ot 

guayule seed, 214
Sphafrosiilharepe}is,onHeTes,m  
Sphenoptera fouola, a u se  of naplywy on 

Chondfilla. 50 .
Splitting o f Herea seedlings, 7b. 77 
S t» u t, tapping, for W «M . I04 
Stachydnne, in H m a  latex, 30»

S K S* ’ w T d ^ 'S ’cd°fn  maim ficturc o f ty ia ,

Stones, in UnJolphui rubber, 3a 
_  in wild rubber, 14  , ,  .

H etti,—  lua iu av w  sv.u k ,  — ------  ■ -  H fT fU , ^ g

— L ’n o i v wo v e Q f j b n e s ,  3S4

P I. 3»(« ) .
S u g a K , m  p o l j -

----------  . . .  - -  S a lp h o jy U K . ■"
m a y u l c ,  l a S  O a « " ,  8 » . >9 ‘

i r s f L  , . d  s , ^ u . u o .  i „
2 0 0  1 n o  —  in  p r e i« n n ?  s u p e n u i  y

= Gr a y ,  .6 6 ,  .6 « ,  - 6 , ,  -  - i ™ .

, j J i c W . n o f r „ b b « , a 3 , 3 3 . S . « . .

--------plant im provem ent, 109 343  ff-
—  M ilL ,  169

--- s o a p ,  lUl '-■ jr --
—  sulphite , in m aking crepe, 205
S o f t e n e r ,  i n  r u b b e r  c o m p o u n d m g , 3 , 294
—  f r o m  g u a y u le  n i b b e r ,  5 
S o i l ,  m in e r a l ,  f o r  k o k - s a g h y z .  241
—  l i o i s t u r c ,  e f f e c t  o n  r u b b e r  f o r m a tio n  m  

g u a y u le ,  131
—  m u c k ,  f o r  k o k - s a g h y z ,  241
—  o r g a iu c ,  f o r  k o k - s a g h \T ,  2 4 0

=  g r o ^ r h  o f

m a y u l e ,  128



S u lp h u r ,  m o n c h o lo r id c .  f o r  cold  v u lc a n iz a ­
t io n  o f  r u b b e r ,  332> 335 

S u n w tr a ,  7 f , ^
—  r u b b e r  p la n ts  1 0 ,4 6 ,  3 ”
Sup H ior processing rubber, 203, 3 >3» 3*4 
SupcrpUosphaics, in the luitriuon o f  Het'ea,

Suppiym i;, in  H ew a  plantings, 185 
Surinam , Sapium  hifposient  in , 53 
Sweden, cjcpcaimcnis, with kok-^gh yz in,

o f  r u b b e r ,  m e a s u r e m e n t  o f , 3 2 6
SyDpoI{s5Tilhetjc rubber), 277 , .
Svnthetic robber, see R ub ber, synthetic 
S jT ia, krim-M ghyz in , 139  
Syringes, 16, 1 8 , 2 1

T a b le  s a l t ,  see S o d iu m  c h lo r id e  
T a k ,  p o w d e r e d ,  i n  r o o t in g  g o ld e i ir o d  s to lo n  

c u t t in g s ,  168 
T a l tu 2 a ,  in  H etaa  p la n t in g s ,  191 
T a m a r i n d ,  f o r  c o a g u la t in g  M ascareaim ia  

la te x ,  3 7
T a n g a n v ik a ,  i^ b l> c r  p la n ts  in ,  3 7 ,  152 
T a n n i n , ' i n  la te x ,  3 0 8  ,
T a p a jo s  R iv e r , B ra z i l ,  s o u rc c  o f  W ic k h a m  s 

s e e d ,  2 5 , 6 3 , 8 0 ,  82  
T a p a j£ B  ( r u b b e r ) ,  see F in e  P a ra  R u b b e r  
T a p p in g  k n i f e ,  1‘1.  4 9 ,  P I . 50
— Clip, 194, i95> P<- 33W
—  a ip - h a t ) g e r ,  1 9 4 , 201
~  c u t ,  1 9 3 , 1 94 , 195 , 1 9 6 , 197
—  c > c le , 7 2
—  e q u ip m e n t ,  194
—  f r e t j i ic n c y , 7 2 , 1 9 5 ,1 9 7
—  in i t ia t io n  o f ,  1 92
—  i : i ju ry , 7 0
—  in te n s i tv ,  7 2 ,1 9 5 ,1 9 7 ,  1 9 8 , 199
—  k n i f e ,  194 , P L  3 3 (a ) ,  P I . 4 9 ,  P I . 50
—  n a tiv e  m e th o d  i n  B ra z i l ,  2 6 , 27
—  o p e ra t io n ,  196
—  p a n e l ,  19s
—  p e n o d ic ,  197
—  re c c p ta c lc s ,  2 6
—  s p o u t ,  T94
—  s y s te m , 7 1 ,1 9 7 ,  198 
 c la s s if ic a tio n  o f ,  197
------- d iK O v e iy  o f , 2 6 , 3 7 , 28
—  t a s k ,  IQS
T a p u r u ’ ( r u b b e r ) ,  see Sapium  taburu 

‘T a p u r u ’, see Sapium  labttru 
T a r a n tu l a  h a w k ,  set Pepsis formosa 
Taraxacum , 3 4 ,  4 9 , 5 0 , 1 3 7 , 1 4 1 , 1 4 2 , 147 ,

1 6 9 . 172
—  bessarabiium  H a n d . - M z t . ,  1 4 2 , 147
—  b o t a n y ,  137
—  brevkorniculaiim  K o ro le v a ,  1 4 2 , 147
—  calcareuifi K o r o le v a , 1 4 2 , 147
—  gymnanthuin, 4 9 ,1 4 3
—  hyhcTtium, see T . megdorhizon  
- k o k - s a g h y z  R o d in ,  3 6 , 4 9 ,  1 3 7 , 1 3 8 , 1 39 ,

1 4 1 , 1 4 6 , t s o ,  P I . 17  
----- ------ c y to lo g y ,  J 4 6 ,  147
 — --- c u c o n o m y , 1 4 1 , 142
—  magnum  K o r o le v a ,  1 4 2 ,1 4 7

Taraxaeum tm gahrhizan  H a n d . - M z t . ,  3 6 , 4 9 ,
137. I39r M 'l H 3

--------taxonom y, 14 3
—  micTospermum S c h i s d ik . ,  142 , 147
—  inuiiiscafosum  S c h is c h k . ,  1 4 2 , 147
—  officinale W c b c r ,  1 3 7 , 1 4 1 , 1 4 2 , 147
—  jfA w A jtf 'n j K o r o le v a ,  1 4 2 , 147
—  ta x o n o m y , 140
—  MHSchanicutn S c h i s c h L ,  143  147 
T a r g e t  le a f- isp o l, o f  I/evea , 85
------------see also Pellicularia filamenlusa
‘T a t a n i n i ’,  ste Parthenium-- ineanuvi a n d  P.

coriferluni v a r . lyratum  
T a u - s a g h y z ,  1 3 ,3 0 , 4 9 , 1 7 2 , 1 7 3 ,  »74:seealso  

Seorzoncra laii-saghyz
------- h a r^ 'c s t ,  173
------- i n  n a tu r e ,  173
------- g r o w in g - s e a s o n ,  173
------- g r o w th - c y c ic ,  173
------- la te x  v « s e l s ,  174
------- o r ig in  a n d  o c c u r r c n c c  o f  la te x  vesse ls

------- r u b b e r - c o n t e n t  o f ,  3 1 ,  133
T e a ,  a s  a n  i n t e r - c r o p  w i th  f fe r e a . 187 
T e c h n ic a l l y  c la s s if ie d  r u b b e r ,  2 0 3 , 3 1 1 , 3 1 2 ,

313
T e k e - s a g h j - z ,  4 9 ,  5 0 ,  1 7 2 , 1 7 3 , 1 7 4 : see also 

Srorzonera acanthoclada
------- i n  n a t u r e ,  1 7 4
T e m p e r a c c - z o n e  r u b b e r  p l a n t s ,  10 , 11 
T e m p e r a t u r e ,  e f f e c t  o f ,  o n  f lo w e r in g  o f  ■

g u a jT jle , 130
------------ o n  g r o w th  r a t e  o f  g u a y u le ,  129
------------ o n  r u b b e r  f o r m a t io n  in  g a a y u le ,

i 3>
------------ in  t h e  t e s t i n g  o f  r u b b e r ,  3 1 9 , 3 2 0
—  e x t r e m e s ,  r e s i s ta n c e  o f  r u b b e r  to ,  3 2 7 ,3 2 8  
T e n s i l e  s t r e n g t h ,  2 9 7 , 3 1 8 ,  3 4 7
------- a n d  e la s t ic i ty ,  3 1 8 ,  319
T e o - n o n g ,  see Bleekroileu tonliiieiisis 
Tephrosia Candida, a s  a  c o \ ’e r - c r o p  w i th  H evta,

188
T e r m i t e s ,  i n  g u a y u le  p l a n t i n g s ,  229
—  in  H exea  p l a n t i n g s ,  i g i  
T e r m i t e  e a r t h ,  f o r  y ie ld  s t im u la t io n  in

h e v e a ,  2 0 0  
T c r r a d n g ,  185
T e r t i a r y  b u ty l  p c r b e n z o a t c ,  in  v u lc a n is in g  

s i l ic o n e ,  3 3 8  
T e s t  p ie c c ,  n i b b e r ,  s iz e  a n d  s h a p e ,  319  
T e t r a e th y l - t h iu r a m  d i s u lp h id e ,  f o r  c o a g a la t -  

in g  n e o p r e n e  la ie x ,  281 
Titranychus bimaculaHis, o n  g u a y u le ,  2 3 0  
T e x a s ,  B ig  B e n d  d i s t r i c t  o f .  1 7 , 106 
~  g u a y u le  i n ,  3 3 ,  5 8 , lo A , 107 , lo S ,  1 t o .  112 ,

1 1 5 , i t 8 ,  1 1 9 , 1 2 1 , 122
—  r o o l - r o t ,  s e e  Phym slolrichiim  oi/inivorum 
T h a i l a n d ,  1 4 , 1 5 , 4 4
—  p la n t a t i o n  a c r e a g e  in ,  32  
T h e  B .  F .  G o o d r i c h  C o m p a n y ,  e x p a n s io n

jo in t ,  3 6 0
--------------------- h a lo g e n - f r e e  p o ly -u c ry l ic e s te r ,

2 7 6
--------------------- H y c a r  ( s y n th e t ic  r u b b e r ) ,  284
--------------------- s y n th e t i c  p o ly i .so p re n e , 204
T h io k o l ,  2 7 7 , 2 7 8
—  CTOss-linked b y  irradiation, 341



Tbiokoi. definition o f, 276 
_  dtacovcry o f , 2 ? »  .
_  in the U nited ^ 3
__ in W orld W ar I I ,  278 
^  production in  19 4 ^ , 273 
_  fcsUtance to o x id aaon , 327
—  R D , a n itrile rubber^ 283 
Thionite, see Polysu lphtde rubbers 
'ITuuram su lph id es, as KcclCTators, 294 
T hree-co m p on cn ttrcc,8 4 , 18 3 ,18 4 , PI. 10(a), 

PI. 28(a), P I - ^  , ,
Thrasher, a ir-p ressu re , for guayulc seed, 2 14  
T hric», on  guayu lc. 229 
T hrip s, on ion , on g u a f i lc ,  see Thrtps ta b m  
Thrips labaci, on guayu le, 229 
Thym elaeaccae, 6 i  
T ien  Shan M ountains, 49
________ kok-sagh)-2 in , 49 13^*
________ tau-sagh yi in , 4 9 , 17 2
Tim or, see Portuguese T im or 
T ip -b l« d in g , o f  C r y p m i e g ia . ^  Crypiostegia 

grandtjlora harvesting, tip-bieedmg 
T ire , see T y re
Tobago, C ryptou egia  m , 152
-  Sapium  hippomane in , 53 
Tocantins (rubber), I 'ln c  Para Rubber 
Togolan d, experim entaJ piantmg o[ fieu s  m,

—"rab b cr plants in , 3 8 , 40
‘T o g o  lum p’ (rubber), see F u u i vogelii 
T oluene, as a solvent for rubber, 305 
Ton kin , rubber plants in, 43 , 44 . 45> 47 
Top -bu dd in g , s f f  O ver-buddm g
----- w orked tree, PI. to(i>)
T o rtr ix , orange, on guayule, .-ir^yroism a

r S S Z s s  o f  ruhber, i s  » s m in u r J  qrality,

T rim a m iu ts  o f  Ike Iiis liw M n  i f  Ihr K iM r r

Tran splantin g  o f  H c v fd , iM . 
Transportation  o f  fuel. Pi- oi(J>
------- liqu ids, PI.
T ra sh , in w ild  rub ber. 24 
T read  design , for ivTCi, 357

on pua'-ulc. 23°  

T rich om es. in  Panhcniuni. 114 
T rigon elline , in H ereu  la iex. 306 
T rin id ad , i
—  CrypUislcfiia  in , 152
—  Sapiu m  kppom ane in. <3 
T riierp tm - tsUT. E.'Wr.
T r y r ,i .> . in  p t q u r io f  lU in  
' T s c h e c k . r ,  k o l- .- i .e liv i’ . “ ■

bark, slou»jhing 
‘T sch cchlik i-. o l'a ,o n d r ilU .  ?o 
T u b e , niblKT, being i-M tudeti.) I.
‘ T u n u ' u e  ttill-ix
TurcHU-, in H n'ea U ivx,
T u rk o v . guavuK- m . . f -
T u rp cm in i'. a io K c n i tor rubber--------

387
—  in  i.yntlie!ii.s ol isoprcnc. : i , -
T y p h a iau e , 6 1  , ,

5S(«).P1. W«)

T y re s ,  c o s ts  o f , 357
—  f a b r ic  b e in g  c o a tc d  w ith  ru b b e r , P I. 59
—  m o d e m , f lo w -c h a rt fo r n u n u f a c tu r e  of»

P I. 63
—  p n e u m a tic , in v e n tio n  o f . 2 8 9 ,3 5 7
—  p ro p o r t io n  o f  to ta l rubbCT u sag e , 358
—  s te e l c o rd s  u s e d  in  n ia n u fa c tu re  o f , PI.

64(a)
—  tru c k  a n d  b u s , b u ild in g  o f , P I. 62 
T jT O sin e , i n  Hevea b t e s ,  308
—  in  la te x , 308
T )-sd a I c lassifica tion  o f  g u av iile  b ree d in g  

l in e s , 123 , 126
—  g u ay u le -se c d  h a n 'c s te r ,  P L  39

U g a n d a ,  ru b b e r  p b n t s  in ,  3 6 , 39 , 40
—  ccag u lis tio n  o l Funtumta l a i c i  in ,  37 
“U lc - U k ’,  see Perebea sp .
Ulus crassus, o n  g u a y u le , iZi)
U m b e llife ra c , 61
U nder-stC K k . see R oo tstock
U n io n  c a rb id e  ( s \-n th « ic  ru b b e r ) ,  277 .
—  o f  S o v ie t  S ocialise R e p u b lic s , see R u ss ia  
_  P a c ific  R a ilro a d , co lle c tio n  o f  p U n is  for

E d is o n , 163 
U n ite d  B altic  C iirp o ra iio n , 3«  .
—  F r u i l  C o m p a n y . Crypcostegm ru b b e r ,  i t >3 
 te s i p la n t in g s  o f  Heven, 90
—  K in g d o m , r u b b e r  c o n s u m p tio n  in ,  174 ,

— ru b b e r  in  t\TCS. 358 
____ sy n th e t ic  ru b b e r  m  ryTCS, 358

r  o f  A g ric u l tu re , 8 2 , 8 3 , 8g ,

S o ils  a n d  A CTicultural E n g in e e rin g , 210
_  Z & o n s  R ese a rc h  U iv iR .on , 210

__________ E m erecnc],- R u b b e r
209. 2 1 0 . 2 1 3 ; g o ld e n ro d  e x tra c tio n  te s ts ,

______ guajT ile , 2 1 5 . 217 ,

r u b b a -

o f  t . ,k - a . s t e

roblwflto

J °1  o f !"■ J f ' '  '-t* '
-  o f c u a » u k  in .  33 '  }°~  ,  .

'  ■ , o a v u le  fe se a .^ ! . d is ^ o n tm u e d , 36

-  -  f t w j„f .tototor.. F.m=30.cy

mS “  p»s "
(_..jiiu'.i»!«'onl, ■,/ 

:.typraie. 27 .<
. ■ ■‘74



U n i t e l  S a t e s  p o l j w l p h i d c r u l j b m ,  i S j
------- R u b b e r  C o m p a n y ,  163
---------------- S c a ic d  u n k  c o n ta in e r s ,  3S5
------- r u b b o '  c o n s u m p t io n ,  a a ,  3 7 4 ,  37<>
---------------- i l l  ty r e s ,  358
----------- p la n ts  i n ,  4 3 ,5 8 ,  59 .  *52
------- r u b b e r  u s a g e , 2 9 9
----------------c ^ i y .  2 S 7 , 2 8 8
------- s y n th e t ic  r u b b e r ,  i n  t y r e s ,  358
----------------p r o d u c t io n ,  1 4 ,1 5 ,  27.% *74
------- W o r ld  W a r  I I  su p p U ra  o f  r u b b e r .  30
_____________ p o s t -w a r  r c s e a r t h  o n  g u a y u le ,

- r e s e a r c h  o n  n a t iv e  r u b b e r -
b e a r in g  p la n ts ,  5 8 , 59

-  U t i l i s a t io n  a n d  D e v e lo p m e n t
D iv is io n ,

------- D e p a r tm e n t  o f  C o m m e r c e ,  9 , 1 0 , 3 5
---------------------N stio n a lB u n au afS m n d ard s ,

2 7 3 . 39 i > P ' - 56( « ) .P J - S 6 ( «
----------------D e f e n s e ,  A rm y  O r d n a n c e  L a b -

oraroT}-, 391
----- ------------- - B u r e a u  o f  S h ip s ,  391
U n iv e r s i ty  o f  C o lo r a d o , 58 
U p p e r  C o n g o  ( r u b b e r ) ,  3 1 0
—  S e n e g a l , r u b b e r  p la n ts  in ,  39
U p - r i v e r  C o a rs e  P a ra  ( r u b b e r ) ,  ste C o a is e  

P a r a  R u b b e r
------- F in e  ( r u b b e r ) ,  24
U r a l  M o u n ta in s ,  Scorzoncra  i n ,  173 
U rciola, 4 6 , 4 7
—  kadtysepaU  H o o k . ,  47
—  eiassua R r a b . ,  1 9 , 47
—  esiulfnta  B e n tb .  &  H o o k . ,  47
—  ja v jn ic a  B o c rL , 47
—  maifigayi H o o k . ,  47 
U r e th a n e  r u b b e r ,  2 8 5  
U r d c a c c a c ,  61
Usiulina maxim a, o n  H evea, 189  
U t i l i z a t io n  a n d  D e v e lo p m e n t  D iv is io n ,  see 

U n i te d  S ta le s  D e p a r tm e n t  o f  A p i c u l t u r e

Vacdnium^ h o s t  f o r  r u b b e r - b e a r i n g  B alanoph- 
ora, 59

Vahea, a  r u b b e r - b a i r i n g  v in e  o f  M a u r i t i u s ,

V a lin e ,  i n  H e u a  la te x ,  308
—  in  l a t e i ,  3 0 8  

.V aliaria , 4 4
V a r ia t io n ,  s e a s o c u l , i n  H evea, u
—  in  k o k ^ g h y z ,  12
V e n e z u e la ,  r u b b e r  p la n ts  i n ,  5 1 , 5 2 , 5 3 , 5 4 , 

153
V e r s e n e  F& -3 , c o m p o n e n t  o f  a c t iv a to r ,  2 8 0  
V erikiiiium , i n  g u a y u le  s o i ls .  2 1 6
—  w i l t ,  o f  g u a y u le ,  see V . albo-atrum
—  aWo-atrum. o n  g u a y u le ,  I2 J ,  1 2 2 , * 2 8  
V ie t - N a m ,  l i ^  15
------- p l a n ta t io n  a c r c s g e  i n ,  32
----- --  r e « « r c h  f a c i l i t ie s  in ,  3 9 0
------- t a p p in g  t « c s ,  1 9 8 ,1 9 9
------ y ie ld  s t im u la t io n  te s t s ,  199
VU lanova, 112 
‘V in e ’ r u b b e r ,  3 1 0  
V ir g in ia ,  Parthenium  i n ,  1 1 2  
V i r g in  I s l a n d s ,  Cryptosiegia in .  152

V is c o s i ty , o f  g u a y u le  r u b b e r ,  3 0 a ,  303  
—-  o f  r u b b e r ,  2 9 8 , 301
— c f i « t  o f  m il l in g  o n ,  2 9 3
Viscum aruntak^  in  H evea  p lan tin ^ ^ a, 19a  
V u lc a n iz a t io n ,  331  IT.
—  b y  c r o s s - l in k in g ,  3 3 6 ,  337
—  b y  i r r a d i a t i o n ,  3 3 6 ,  3 3 8  ff.
—  c o ld ,  3 3 1 ,  3 3 2
—  d e f u i i t io n  o f ,  3 3 3
—  d is c a v c ry  o f ,  i ,  1 8 , 2 2 ,  2 3 , 2 4 ,  2 5 ,2 8 ,2 8 8 ,

—  c f f m ^ o f ,  o n  e la s t ic i ty ,  3 1 8
—  n a r n r e  o f ,  3 3 2 , 3 3 5  ff-
—  p l a s t ic i ty - > c la s t ic i ty  c h a n i^ e , 331
—  t im e  a n d  t e m p e r a tu r e  f o r ,  3 1 9 , 3 3 5
—  w i th o u t  c u r in g  a g e n ts ,  3 3 4
—  w i th o u t  s u lp h u r ,  3 3 4  
V u lc a n iz in g  p r e s s ,  P I . s 6 (^ )
V u lc a p r e n e ,  see D i - i s o c y a n a ic - l in k e d  c o n ­

d e n s a t i o n  r u b b e r s
V u lc o lla n e ,  see D i - i s o c y a n a te - l in k e d  c o n ­

d e n s a t i o n  r u b b e r s

W a x e s ,  b y - p r o d u c t s  o f  g u a y u le  r u b b e r  e x -  
i r a c t i o n ,  2 3 8

—  i n  la t e x ,  3 0 8
W e b s te r ’s  C o lle g ia te  D ic t i o n a r y ,  d e f in i t io n  

o f  r u b b e r ,  7  
— • N e w  C o lle g ia te  D ic t i o n a r y ,  d e f in i t io n  o f  

r u b b e r ,  7
W e b w o r m , g a r d e n ,  o n  g i ia y u le ,  see Loxoslegia 

similalis
W e e d in g  ^ a y u l e  n u r s e r i e s ,  P I . 3 6  
W e s te r n  H e m is p h e r e ,  i ,  r 6 ,  1 7 , 5 2 , 5 6 , 8 2 , 

83,8 4 ,8 5,9 0 ,112 ,153
------- p o ly c lo n e  p la n tm g s  o t  H evea, 70
W e s t  I n d i e s ,  Cryptosiegia  i n ,  1 5 2 , 1 5 3 , 155
------- Partkenium  i n ,  33
W h e e l ,  t h e ,  3 5 6
W h i te - f ly ,  g r e e n h o u s e ,  o n  g u a y u le ,  see 

Trialeurodes vaporariorum  
W h i t e  r o o t - r o t ,  see Fames lignosus 
W 'ild  r u b b e r ,  i ,  2
------- c o m p a r e d  w i th  c u l t i \ 'a t e d  r u b b e r ,  3 8
—  —  c o m p o s i t io n  o f ,  2
------- e n d  o f ,  2 8 ,  2 9
------- s u b s id i z a t i o n  o f ,  29
IVillughbeia, 46
—  r u b b e r  c o l le c t io n  a n d  p r e p a r a t i o n ,  46
—  apiculata  M i q . ,  46
—  ceylanica T h w . ,  4 6
—  coriacea W a l l . ,  4 6
—  edulis R o x b . ,  4 6  
— firm a  B I . . 4 6
—  flavescens D y e r ,  4 6  
— ja va nica  B l , ,  4 6
—  tenuijiora D y e r ,  4 6
W in d w a r d  I s l a n d s ,  Crypiostegia in ,  152 
W m te r in g  o f  H evea, 1 1 ,1 2  
W ir e w o r m s ,  o n  g u a y u le ,  see Lim onius s p p . 
W o o d  a s h ,  f o r  y ie ld  s t im u la t i o n  in  H evea, zoo 
W o r ld  m a p  s h o w in g  n a t iv e  a r e a s  o f  m a in  

ru b b e r - p r o d u c in g  p l a n t s ,  F ig .  i
------------ m a in  a r e a s  o f  n a tu r a l  a n d  s y n th e t ic

r u b b e r  p r o d u c t i o n ,  F ig -  2  
W orld's Rubber Position, 392



‘W o rf f l8 \ r u b b e r ,  f r o m  p a y u l c ,  2 1 2 , 235 , 

_ _ r e s p o o ^ >  o f  n e v e a ,  0 2

XantkomoMS s p . ,  o n  k o k - s a g h y z ,  246  
g S  ^ r u b t e r ) .  F i n e  P a ra  R u b b e r

d if f r a c t io n  p a t t e r n ,  o f  A m e n p o l  S N ,

i m p r o v e m e n t  o f  Hevea, 85 
X jla r ia  thwaitesii, o n  Hevea,
X y le m , t i s s u e ,  i n  g u a j-u le , 134 
XyUnabariay 4 4 , 4 5  _
—  rayn au Ji Ja m .,  45

y ie ld  in c r e a s e  in  ffevea , b y  b a r k  s t im u la tio n ,
19 7 , *98. *99. 200

Y ie ld  in c re a se  tfarm igh n u tr i t io o , 197 
------- b y  pU int im p ro v e ff lcn t, 197
—  te s t s ,  Hn'ta, 71 , 8 0 , 90 
Yucatan, i 6
—  p re -C o lu m b ia n  u s e  o f  Castilla, 91 
Y u g o s la v ia , k n m -« a g h y z  in ,  139

‘Z a re tz ld i’,  see T a u - s a g h jz  
Ztxm mia tre a filia ,  in  g u a y u le  s ta n d s , 116 
Z in c  d ie th y ld ic h io c a r ija n u te , i n  p re p a rin g  

s u p e r io r  p ro c c s M g  r u b b e r .  314
—  o x id e , in  p re p a r in g  su p e r ic s  p ro c s s s ir^  

r u b b e r ,  314
------- in  v iS can iz ing  flu o ro ca rb o n , 2S4
—  s te a ra te , in  m a n u fa c tu re  o f  b u ty l , 282
Z y k n e ,  a s  a s o lv e n t fo r r u b b e r ,  313 
"  ■ e , 61



A O T H O R  I N D E X

A a m o d t ,  E .  A . ,  2 5 6 ,4 1 3
A c k c x m a n , E . ,  5 6 , J 93
A lc a m ira n o , F e r n a n d o ,  2 0 ,  393
A ltm a n ,  R . F .  A . ,  3 0 8 , 393
A J tu k o v , M .  K . ,  2 4 0 , 244v 2 5 0 , 2 5 S . 393
A m c r o n g c n ,  G .  J .  \-a u , 3 2 6 , 3 9 3
A n d e r s o n ,  J a m e s ,  2 1
A n th o n y ,  A lf re d , 3 6 ,  3 8 , 4 1 2
A q u tn ,  E .  L .  D ’> 4 0 3
A r e n iz c n ,  A . G .  J . ,  3 3 0 , 393
A iT c g u if l, B a r b a r in ,  4 ,  395
A m c h v.-i^ r , E rn st, 12 0 , 13 2 , i 33 , *3 4 . i 35 .

136 , 1 4 4 , >S7 ,  1 5 9 , 393 ,  394 
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T he feeding and clothing of the world’s t«^ming nullions can continue to keep 
abreast o f population increases through the help of effective application of 
research in the plant sciences, I ’he publication of this research, by means which 
a scientist or iechn«jlogist makes his findings known to workers elsewhere, tends 
to be scattered in literally hundreds of botanical and agricultural journals 
emanating from most o f the countries of the world. Often it appears in such 
polyglot arrays o f fragments that it is extremely diificult to bring together even 
in some narrow ‘ line’  o f endeavour. Consequently advances arc slowed and 
interests unnecessarily divided, scientific and human progress bemg thereby

T h e present series o f ‘monographs’ is designed to remedy these defiaenaes 
especially important or attractive specialities, by pubhshmg individual 

.ength accounts o f the entire background and current progre^ m ^heir d • 
Such drtaUed survevs, being folly documented and plenttfully .Uus 
should prove o f real value to the world at large m constituting ™
further advances on the ever-expanding hon^n s o f scientific m h  ^nd 
lead to improved productivitj- and, ultimately,
prepared bv specialists usually ofintcrnational reputation *e tr  ^  
field chosen, L d  often culminate a lifetime ot active ■ "«  Being
up-to-date as possible, they will often embody sigmficant advances p 

viously published.
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