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PREFACE 

IN the present book Mr. Harold Broh gives a 8UOOinct. 
and, within the limits of such a volume, a full 8.CQOunto 
of the present position of the production of rubber, with 
particular reference to West Africa. Alt4lough Hevea 
braailie7l8i8, the Para rubber tree, holds a pr~ominant 
posit1lDn as " source of rubber and consideraiile I1(otention 

"is naturally given to it in this book, the other prineipal 
rubber-producing trees, Funtumia, lIianihot, Castilloa. 
and Ficus, are all dealt with in some detail, as are also 
the Landolphia vines and other minor so~ of the 
material. 

As regards the prospects of rubber-growing in West 
.Alrica., apart from the indigenous Funtumia, it will be 
seen that the introduction of Hevea brasilie7l8i8 has· 
been attended with aucceBS in the Gold Coast and in 
Southern Nigeria. Several samples of sheet" rubber 
obtained from Hevea plantations in Southern Nigeria 
have been recently examined at the Imperial Institute 
and found to be equal in quality to the Best plantation 
Para from the East. 

The book is written partly for the student \nd partly 
for the planter, mannfacturer. and merchant. The 
cba;raclllristics of the trees and the principllJ feat~ 
conneel:E)d with their natural ()(l(l1Ilience and their cultl­
'tation in plantations are ~fOle included, 88 wen as 
the ~ technical questdOUll conneoted with the ~ping, 
t"~ coUeotion and the preparation of rubber. ' 

In dea~ with the various sspec~ of 'tf1e ,rubber-
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• produ<Mg infustry, Mr. Brown f>rings to the task the 

knowledge gained by over ten years' continuous study 
of the subje<ot, and the special advantage of possessin~ 
tloth botauical and chemical qualifications for the work. 

The successful production of Para rubber in South 
America is more than two centuries old, and it is still" 
mainly oonducted on the most primitive lines and with 
the wild trees of the forest, which arc of great age. So 
far as,the actual prepnralion of rubber is concerned, 
these primitive methods have succeeded in placing on 
the market a material which is on the whole well suited to 
the requirements of thl! manufacturer, so much so that 
"fine hard Para" obtained from the wild trees of South 
~erica is still the market standard of the material. 

l\l is the <llIAl with nearly every material obtained 
from wild and natftrally distributed plants, as soon as 
the 'iemand for the substance is large, it is necessary, 
chiefly for convenience of collection, to grow it in planta.­
tions, and tp6 modern industry of rubber production 
involves ~e successful management of trees grown on 
the plav.tatic>n system. In this sense rubber-grjllWing 
is a new'industry, as to which there is little or no previous­
experience to guide, and therefore the problem of the 
successful growth of forest trees under plantation con­
ditions has to be solved by the use of the scientific methods 
of observation and investigation. 

The proper methods of growing and manuring, the 
best times and methods of tapping, the nature of the 

• parasitic and insect attacks to which trees in plantations 
are subject, have all had to be discovered, and on these 
subjects- there is little or nothing to be learnt from 
previous forest experience. 

Although the primitive methods of curing and pre­
paring rubber -from the latex practised in South America 
are eminently successful, it cannot be doubted that 
th_ metlods are capable of simplffication and also of 
improvement. Rubber as hitherto known to the manu­
facturer is a mixture containing many other inpdients 
dum the true caoutchouc of the chemist. To a large 
extent it is still a matter of doubt as to \Vhat is the 
bene&ial influence, if any, 'of the proteins, the resin, 

, and the other oompanioll!! of caoutchouc on the physical 
, propertillll fOf the material. Moreover the exact nature 
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of what is included in-the ordinary anaiysil as '-caout-
chouc" requires detailed examination. trude rubber, 
moreover, is not the form in which the mat~ial is chiefly 

·employed for manufacturing purposes, and the influen~ 
of the constituents other than caoutchouc on the properties 

'"Of vulcanised rubber has yet to be definitely ascertained. 
The plantation rubber industry, therefore, stands to 

gain everything from scientific research on these many 
different problems, which are.veU presented and diacussed 
in the present volume. 

The management of rubber Illantations has become 
one of the most important branches of tropical agriculture, 
a subject which depends for its advancement on the 
application to its needs of several sciences of wh;nh 
chemistry and botany are two of the ~08t importlmt. 
The effective technical training of· men who shaU be 
capable of taking up work in tropical agriculture is one 
of the most urgent questions connected with the advance­
ment of our tropical colonies, and I have.referred to it 
at length elsewhere (see letter to The Times. April 29, 
191~ A system of technical education. in tropical 

• agriculture is urgently called for, which shall not be 
less effective than th80t which is now undergone by 
professed agriculturists in Europe and the United States. 
In the provision of agricultur,.J. education in this country 
we have made gr~at strides in recent years, but the 
organisation of education in tropical agrioulture remains 
to be provided. 

In conclusion, I may refer to the subject of " synthetio. 
rubber," which is briefly discussed in one section of this 
book. As I pointed out in 1906,· when the-question 
first c&me prominently before the public, the preparation 
on a large scale by chemical means of caoutchouc, 
identical with that produced by the tree: is well within 
the range of tbe modern chemist. The real question at 
issue is whether a. satisfactory material can'be manu­
factured cheaply enough to become a serious competitor 
with the natural product. This may well be dou~ 
in view of the reduction in the cost of natural producticJn 
which is now in progress, a reducti.cm which will be accom­
panied by a decrease in ~e price b:f the raw material. 

• "A_ to the Britioh Alo!ooiation," 1906. B..u.m. of lAo • 
1~ 1114i1u1o, 1906, p. 310, and 1909, p. $18: 
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There ~ a str~g probability In tavour of the view that 
when plantation rubber can be profitably sold at less 
than two shillings a pound, the plantation industry will be 
lble to oompete successfully with all kinds of forest rubber' 
and will have little to fear from the competition of the 
synthetic material. 

WYNDHAM R. DUNSTAN. 
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RUBBER 

CHAPTER I 

INTRODUCTION 

HistoricaL-Rubber, India.rubber. 'or C~utchouo is 
the elastic substance obtained by coagulating t,pe latex 
of certain plants which occur throughout the tl'opics and 
a~ .ially abundant in Central and South America. 
and in Central Amca.. The latex is a milk-like fluid 
which is usually obtained from the plants by making 
incisions in the bark. 

On the discovery of the New World it wa.s found that 
the natives of Central and South America. were already 
fa.milia.r with the ela.stic nature of rubber and its property 
of rendering articles waterproof, and the records of the 
early voyages to that continent contain the first references 
to the product. 

The first systematic study of the rubber plants of 
South America. wa.s made by Charles-Marie de La Con­
damine. the leader of the French expeditiolP which went 
out to Ecuador in 1735 for the purpose of mea.auring a. 
degree of the meridis.n. In 1736 La Condamine f~ardtd 
specimens of rubber to the French Aoa.demy of Sciences 
with a nQte stating that the product wa.s obtained in the 
province of Esmera.lda.s (Ecuador) from a tree known by 
the natives a.s "hMve." The Indians in Ecuador and 
Peru cailed the elastio substan& " ca.lIuchu "or" eaucho." 
andflvm these names the word" eaovtchouo "wa.s deriv<ld. 
FiftI.en years later La Condamine contributed a.det&iW 
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papel' on tl\e subject to i.he Mtlmoires of the Academy, 
and at the l!ame time he forwarded to the Academy a 
paper by a,French engineer named Fresnau, recording 
the discovery in French Guiana of another rubber-yieldiJ.g 
tree, which was described by Fuset-Aublet in 1762 and 
named Hevea guionensis. 

The principal rubber tree of South America and of 
the world, the tree which furnishes the Para rubber of 
commerce, is also a spccir,s of Hevea, and was first de­
scribed by J. MUller as H evea brasiliensis (Linnaea, vol. 
xxxiv. 1865-6). The source of the Ceara or Maui9<Jba 
rubber of Brazil was'not determined until a later date, 
the first description of the trce being given in 1874 by 
MUller, who named it Manihot Cla.iovii, after its dis­
coverer Dr. <':llaziov (Martius's Flora Brasiliensis, xi. 
part ii. p. 443). c 

The Central American rubber tree (Castillca elastica) 
was first described in 1794 by Cervantes, who published 
.n account o{ it with an engraved plate in the Mexican 
publicatton r Suplemento a la Gaceta de Literatura. Cer­
vantes nalllcd the tree Castilla elastica, but the generic 
name becn.me subsequently changed to Cn.stilloa, lind the 
latter form is almost uuiversally adopted at the present 
rune. 

The first rubber-yieldiJ),g plant recorded from Asia was 
a vine discovered in 179S-by Dr. J. Howison on Prince 
of Wales Island off the coast of Malacca, which is believed 
to have been the plant afterwards" described by Roxburgb 
as Urcenla elastica. In 1810 Roxburgh was enabled by 
the services of Mr. M. R. Smith of Sylbet to establish 
ilie ooeurrenee of a rubber-yielding tree in Assam, 
which he subsequently described and named Ficu8 
!lastica. 

The rubber resources of Africa were not exploited 
until a much later date than those of America and .Asia, 
[0; althllugh Palisot de Beauvois described the vine 
IAndolphia owan"ensia from West Africa in 1804, it was 
not until about fifty years later that the vaI~ of this 
plant and the allied vines as. sources of rubber was 
-used. ln1817Poiretdescribed arubber-yieldiugplant 
:If Madagasca.r whieh he nAmed V Mea gummife.ra (naw 
imo'tf.n as Ln1l101phia mada~sis. K. Schum.). ~ 
in . this Q&St! also no coll1lllel'Oial deveJqpment Q(l(itl.rrid 
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until after 1850. The discovery of the important·We~t 
African rubber tree Funtumia elastica, Stapf'lal;;o known 
as Kicb:ia elastica, FrauM), is of very recent date, as it 
"'as first found in the Cameroons by Dr. Preuss in 1898. 
The rubber from this tree had been previously attributed 
~ the allied species Funtumia a/riCClna, Stapf (Kicl:a:ia 
alricana, Benth.). 

Utilisation of Rnbbe:".-The earliest use of rubber 
was made by the natives of c.ntra.! and South America, 
who employed the latex for rendering boots and fabrics 
waterproof aud for the manufacture of vessels of different 
kinds. For many years after its "discovery caoutchouc 
was regarded in Eu~ope merely as a curiosity, but ill 
1770 Priestley suggested that it might be employed for 
erasing pencil marko from paper, a us" which led to 
the adoption of the name indiarubbell for the product. 
Its first important industria.! application was the process 
invented by Macintosh in 1820 for the production of 
waterproof fabrics; but it was the discov'iY, in 1839, 
of the process of vulcanisation by Goodyear in.America 
which lI'id the foundation of the modern rub~r industry. 
Qoodyear found that if rubber is heated with sulphur, 
a change takes place, with the result thst the material 
afterwards retains its elasticity through a much wider 
range of temperature than Wlfore. He subsequently 
discovered thst the final effect of this treatment of 
rubber with sulphur was the production of the hsrd 
material known as ebonite, or vulcanite. Specimens 
of 'VUlcanised rubber prE'pared by Goodyear were brought 
to England in 1842, and ffancock, after seefug these, 
discovered independently that the change coold be 
produced by heating a mixture of rubber and sulphur, 
or by immersing rubber in molten sulphur. These 
discoveries were of the highest importlJllce, as they 
rendered it possible to utilise rubber for a large number 
of technical purposes for which the unvulcaOised JIl"O" 
duct was unsnitable, and as & result the use of rubber 
has steadily extended. During reoent YClLrs the rubber 
_ufa.cturing industry has assumed very large pro! 
portiODll, principally on accolint of tpa enormous dem&nd 
f!ll' tyres for motor-ca.r<J, .ea/ria.ges, amI cycles . 
.. CaltiIatkla of BU1Jer Planl8.-Until recently rubber 

. Was oIttained exolusively from wild plants ,owing. in 
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the f.rests of tropical Ainerica.,.Africa, and ~, a.bout 
half of the t.ta.! supply conting from the Amazon vaJley. 
[n consequepce, however, of the increasing demand for 
rubber and the possibility of a. diminution in the supply, 
)wing to the destruction of large numbers of Ule wild 
rubber-yielding pla.nts, considera.ble attention ha.s 00.. 
ievoted during the last ten years to the cultiva.tion of 
rubber trees in a.lmost all tropica.! countries, with the 
result tha.t rubber pla.ntin.ll is now one of the most im­
porta.nt tropica.! industries. 

The Para rubber tree (Hevea brasiliensis) from the 
~mazon valley has preved to be very suita.ble for genera.! 
JUltiva.tion throughout the tropics, a.nd it is now being 
~own on .. very large scale in the Malay Peninsula, 
Jeylon, Sumaua, and Java, and to a smaller extent in 
Southern India aIjll. Burma, and in Borneo. The Para 
;ree is also being cultivated in tropica.! Africa, including 
nruty of the British Colonies and Protectorates in Ea.st 
md West Africa, in Seychelles, in British Gnia.na, in 
;he West IIfdies, and in some of the islands of the 
Pacific; "in. many of these countries the tree has given 
rery promising results. Planta.tions of the Pm tree 
lave also been formed in Brazil. • 

The Ceara rubber tree (Manilwt GlaziOtJii), also a 
,ative of Brazil, has been introduced into nearly every 
ropical country. It o~rs the advantages Ulat it i8 
rery hardy and ca.n he grown in dry situations where the 
'ara tree will not thrive, but it is more difficult to tap 
,uccessfully than the latter. The Ceara tree is at 
?reBent heing cultivated extensively in British and Ger­
nan &at Africa, Uganda, and Nyasaland, where it 
:>romises to do well, and is also grown in Ceylon and 
Southern India. 
In Africa luge pJa.nta.tions of the indigenOUll rubber 

rae (Funtumia elastica) have also been formed in several 
ouptriesi and in Central America and the West Jndies 
he Central American rubber tree (Oastilloa .~) ill 
teing cultivated on an extensh>e scale. • 

Recent estimates of the area of the rubber pla.irtatio1lll 
ohrcughout the tropics ha.ve given various tota.!s 'up to 
,wo million acres, but the figures. for many of the 
!)untrieS &t'e admittedly only appro:x:imalions. The 
rIHowillg.pta.tiatics of the acreages under fUbber during 
,~~ .>,,-'" 
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the years 1901 to 1912 tn Ceylon and Ma.i&y& (the ~tr&its 
Settlements and the Malay States) will sho'lf the develop­
ment which has occurred in the rubber-planting industry 
I'n these countries: -

Ceylon. Malaya. 
ac .... ........ 

1901 2,500 
1902 • 4,000 

·1903 1,000 
1904 11,000 
1905 ~,OOO 50,000 
1906 100,000 99,230 
1907 100,000 179,227 
1908 175,000 - 241,138 
1909 180,000 292,035 
1910 200,000 362,853. 
1911 215,000 542,877 
1912 230,000 .621,621 

• The" total of 621,621 acre. planted with rubber in 
Ma.i&ya at the end of 1912 was made up as followa: 
Federated Malay States, 399,197 acres; Straits Settle­
ments, 94,263 acre.; and tie unfederated States of 
Johore, Ked&b, Kelantan, and Trengganu, 128,181 
acres. 

The following rooont figures, giving the acreages under 
rubber in various other countries, may also be quoted:. 
Java, 230,000; Sumatra, 160,000; Southern India and 
Bunna, 45,000; British North Borneo, 25,600, Papua, 
4,500; German New Guinea, 6,000; Ny_land, 8,898; 
East Africa Protectorate, 3,000; Uganda, 3,860; German 
FASt Africa, 60,000; Cameroons, 17,500; British Gui&n&. 
2,250. Large pl&ntations of rubber trees have also been 
formed in British West Africa, French West ~oa .. the 
Belgian Congo, Mexico,and Central America, but definite 
figures.reg8l'ding the acreages are not Available. 

worw'J ProduetioD of Rubber.-The estimated world\ 
production of rubber during the last six years is given in 
the fOllowing table, which- also shows the amount of 
pla.ntII.tioll rubber from Ceylon and Ma.i&yt. included in 
the total: 
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1907 
1908 
1909 
1910 
19l1 
1912 
1913 

. . 
World'. total 

supply.-

TODII. 
69,000 
70,000 
75,000 
80,000 
85,000 
96,000 

.108,500 

Plantation rubber 
fNm Ceylon a.nd 

Malaya. 
TOIlB. 

1,130 
2,040 
4,,000 
8,100 

14,310 
25,650 

Previous to the large increase in the production of 
plantation rubber which has occurred during the last 
few years, more. than half of the world's supply of rubber 
was obtained from wild Para trees in the Amazon valley, 
and the amount fm'hished by Central and South America 
was .more than three-fifths of the total. Africa con­
tributed about one-third and Asia about one-illteenth 
of the supply. Latterly, however, the Asiatic production 
has been 0 very considerably increased by the rubber 
from the pllmtations, which amounted in 1910 to_about 
8,000 tons or one-tenth of the world's supply, in 1911" 
to about 14,000 tons or one-sixth of the world's supply, 
and in 1912 to about 25,600 tons or more than one-fourth 
of the world's supply. _ 

The production of plantation rubber will show a very 
rapid increase during the next few years as the estates 
already established reach the tapping stage, and there 
is little doubt that the rubber from cultivated trees will 
soon form a very large part of the total supply. 

Rubbe{ Production in A:meri.ca.-The total exports of 
rubber of all kinds from Brazil since 1903 are shown in 
the following table: 

Metric Tons. Metria ToDS. 
1903 • 31,712 1908 38,206 
1904, • 3],863 1909 • 39,020 
\®5 • 35,392 1910 • "38,04,6 
1906 34,,960 1911 36,04,7 
1907 . 36,489 .1912 4,2,28'5 

'!'he qUWitjes of ~e diJferent kinde of rubber 
-•• lI(_ Lewio" Poat'. ___ 
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• 

included in the above t{ltals 
for the years 1903 to 1909 
are given in the table on 
this page. 

The t{ltal production of 
".'Ubber in Brazil showed a 
gradual increase from 31,712 
metric tons in 1903 to 39,020 
metric t{lns in 1909; during. 
the next two ye81'8 there 
was a slight decline, followed 
in 1912 by a considerable 
rise to 42,285 metric tons. 
Para rubber forms the main 
portion of the exports, but 
there has been a large in­
crease recently in the pro­
duction of Caucho rubber 
(Castilloa), which iu UHO 
amounted to over 8,000 met­
ric tons. Brazil posscsses 
Jarge reserves of Para trees 
which have hitherto re­
mained unexploited on ac­
count of difficulties of labour • 
and transport, but some of 
these areas will be opened 
up in the immediate future. 

The principal rubber­
producing countries in 
America, other than Brazil, 
are Mexico, Peru, and Bo­
livia. Some of. the rubber 
obtained in Peru and Bo­
livia is brought down the 
Amazon for shipment, and 
is therefore included in the 
exportw from Brazil. The 
following statistica show the 
quantities of rubber exo 
ported from Mexico, Peru, 
and Bolivia during reoent 
1'*B; 

7 
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EXPORTS OF RUBBER hoM MEXIOO 

v_. 
,l901H1 
1906-7 
1907-8 
1908-9 

Y ..... 
1905 
1906 
1907 

. 
:Metrio tons. Year. 

1,450 11909-10 
4,091 1910-11 
5,624 1911-12 
6,015 

EXPORTS OF RUBBER FROM PERU 

!tletric tone. 
2,539 

• 2,575 
· 3,d27 

Year. 
1908 
1909 

Metri. toDlI. 

8,0611 
7,429 
5,532 .... 

Metric toDlI. 

2,516 
• 2,802 

EXPORTS OF RUBBER FROM -SOLIVlA 

Y ..... 
1905 
1906 
1907' 

• Metrio tons. Year. 

..1,677 I 1908 • 
• 1,930 1909. 
· I,S30 1910. 

Metrio tons. 
2,607 

• 3,052 
· 3,llS 

Rubber Pioduotion in Afrioa.-The production of 
rubber in"A/rica. during the years 1909 and 1910 is given 
in tbe following table taken from tbe Indiarubber 
JounuU (December 30, 1911): • 

fuitish Possessions 
Frencb Possessions 
German Possessions 
Belgian Possessions 
Portuguese Possessions 

TOTALS • 

1909. 
Tons. 
1,974 
6,647 
2,114 
5,217 
3,161 

i9,ii3 

1910. 
Tons. 
2,818 
7,340 
2,800 
5,000 
3,504 

21,462 

In these two years, therefore, the rubber obtained 
from Africa afnounted to a little more tba.n one-fourth 
of the estimated world's supply. 

The buJk of the African rubber comes from French 
and Belgian possessions, which together furnished more 
\han one-he.If of the total in 1909 and 1910, whilst the 
contribution of the British possessions was about OIl&­
tenth of the total in 19011 and a little over. on&-eighth in 
1910. . . '. . .. 

13i!lOO 1910 the total productiop. of rubber in Afrioa 
Ma daftliDed.. 
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Rubber Production iA Aaia.-The amount of" wild 

rubber conected in Asia. is comparatively dan, MId it ill 
*e large increase in the production of plMltation rubber 
which has made this continent of importMlce &8 a source • 
(If supply. 
. The fonowing statement gives the exports of plMlt&­
tion rubber from Ceylon MId Malaya since 1903: 

Ceylon. Malaya. 
• Tom. Tons. 

1903 19 
1904 $5 
1905 75 130 
1906 146 430 
1907 248 885 
1908 407 1,629 
1909 666 • 3,340 
1910 1,601 6,504-
1911 3,194 11,118 
1912 6,697 ' 18,956 

These figures shoW the remarkable developln;nt which 
'4&8 taken place in the rubber-planting industry in 
Ceylon and Malaya during recent years. The tota.! pro­
duction of plantation rubber in these countries rose from 
about 200 tons in 1905 to no 1"fS than 25,653 tons (equa.l 
to more than one-fourth of the world's supply) in 1911i, 
and the output will increase considerably in the immediate 
future. In addition, large quantities of rubber will be 
obtained from the plMltations which have been established • 
in India, Java, Sumatra, and Borneo. 

Rubber Produced in the British Empire.-The con­
tribution of the British Empire to the world's supply of 
rubber is shown in the table on page 10, which gives the 
production in the various Colonies and· Protectorates 
MId in the dependent and protected States and Territories 
during the six years 1906 to 1911. ;. 

It will be seeu from these figures that, owing to the 
development of the rubber plantations in Ceylon an,\ 
Malaya, the contribution of the British Empire to the 
world's supply of rubber has increased from 4,687 tons 
in 1908 (less than O1l&-t~th of the total) to 16,382 . 
tons in 1911 (nearly OJl&-fifth of the total}. The mturns 
fot 1912 will show another ~ iDereaiIe. .: . 

• 
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CHAPTER II 

RUlIBER IN BRITISH AFRICA. 

BEFORE dealing in detail 'ltith the pripoipal rnbber­
yielding plants, it is proposed to give ill the present 
chapter a general account of the.,rubber indllstry in tho 
British Colonies and Protectorate. in Africa, including 
particulars of the indigenous rnbber plants and of tho 
present position of rubber cultivation in.,each country. 

BRITISH WEST AFRICA, GAlIBIA. SI~RRA LEONE, GOLD 
COAST, AND NIGERIA 

Rubber is one of the most important natural products 
of the British Colonies and Protectorates ill West Africa. 
The quantity exported from the Gambia and ~i"erra Leone 
.has, however, diminished very considera.bly during 
recent years, and a.t present the supply is chiefly obtained 
from the Gold Coast and Nigeria. The quantit.ies and 
values of the exports of rnbber during the years 190 1 
to 1912 from each of the c~untries are given in the 
following tables: 

QUA.lfTlTIEB. 

Southt'm 'Nigeria. 

Y .... Gambia. Sierr& Leone. GoldOoMt. <=··1 ............. · 
lb. lb. lb. lb. lb. 

1901 146,673 131,600 1,520,009 194,280 1,740,166 
loo! 65,283 103,783 1,699,974 161,440 865,834 
1903 19,661 106.648 2,258,981 131,311 1,177,803 
1904 30,934 162,219 4,013,837 266,418 ;:~:m 1906 9,071 426,610 3,687,778 271,944 

1_ -. 10,464 240,049 3,649,668 3,434,17. 
1907 61,406 164,483 a,M9,MB 2,843,823 • 1_ 18,568 92,016 1,773,248 1,222,283 

~:?6 15,1148 57,641 2,764,190 1,368,009 
1,148 47,2S7 3,223.2115 2,634,On 

um 10,733 41,443 2.668,667 2,164,286 
191' 4,336 21,970 1,990,699 1,679,200 

11 • 
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VALUa .• 

&utbernN'Jgeria. 
Year. -Gambia cma Leone. Gold. Coast. 

=I~ ,. ------<. <. e. t. 
1001 8,003 9,203 104,030 14,749 106,925 
1002 4,238 8,192 88,602 9,272 46,946 
1903 1,544 9,258 196,500 15,588 61,816 
1904 2,446 IB,055 360,644 22,961 15B,991 
1905 915 49,112 323,774 23,248 226,387 

1006 1,084 30,170 334,505 
.._.,,_ 

307,077 
1907 5,686 22,480 333,120 244,989 
1908 1,163 • 9,372 168,144 98,530 
1909 1,550 B,079 263,694 109,076 
1910 952 7,666 358,876 311,691 
1911 836 5,918 219,447 179,355 
1912 -4-09 2,962 168,729 125,021 . 

The figures for Southern Nigeria include the exports 
from' Northern Nigeria, which during the years 1907 
to 1911 were "" follows: 

1907 
1908 
1909 

lb. 
1,181,588 

511,1l0 
449,345 

1910 
1911 
1912 

lb. 
519,943 
752,569' 
451,300 

The total experts of rul9ber from British West Afrie& 
during the years 1905 to 1911, as shown in detail above, 
a.re given in the following table: 

• 

1000. 
1006 
1907 
1908 
1009 
)910 :. 
1911 
1912 

Quantity. 
Tons. 
3,231 
3,274 
2,955 
1,387 
1,886 
2,639 
2,181 
1,605 

Value. 
£. 

623,456 
672,836 
606,275 
277,209 
382,399 
679,185 
405,556 
297,1&>.1 

It will be seen from these figuret! th&t, notwit.\l­
standing some lluctuations ill. the contributions of £he 

, diftt!DlJl.t COlJl).tries, the. ~tal exports of rubber from 
.. BritiIh W¥t Africa during the years 1905 to 1907 reo 
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mamen approximately the same, viz. about 3,000' tons, 
which was " little less than 5 per cent. of the world's 
supply. The heavy decline to only 1,387 'tons in 1908 
-ias attributed mainly to the serious fall in the value of 
rubber, which checked the collection by the natives, and 
during the next two years the recovery in the price 
led to a considerable increase in the exports. The figures 
for 1~10, when rubber realised the highest price it has 
ever reached, were, however, .pot equa.l to those of the 
years 1905 to 1907. In 1911, when the price of rubber 
became norma.l again, the total exports diminished to 
2,181 tons, and in the followin~ year to only 1,605 
tens. 

Considerable attention has been devoted to rubber 
during recent years by the Agricnltural' and Forestry 
Departments in British West Africa., with the objects 
(1) of preserving, as far as poesible, the existing wild 
plants; (2) of improving the quality of the rubber by 
the introduction of new methods of prepwation; and 
(3) of forming experimental plantations of ~digenou8 
or exotic rubber trees, and encouraging rubber.cnltivation 
by European planters an.d by the natives. It has been 
sought to attain the first two objects by instructing the 
natives in proper methods of tapping the plants and 
of preparing the rubber, and. in certain cases, by the 
introduction of regnlations for controlling the industry. 

The efforts which have been made to start the cnltiva­
tion of rubber trees in British West Africa have been very 
successful, and large pIa,ntations have been already formed • 
in the Gold Coast and Southern Nigeria. The trees which 
have been principally tried are the indigenous Jiluntumia 
eIastioa and the Para tree, HevetJ, braBilienais. It has 
been proved that both of these trees can be successfully 
cnltivated on a large sca.1e in West Africa, hut the general 
consensus of opinion is at present in favour of the Para 
tree wherever the conditions are suitable for ¥ groyth, 
as this tree promises to give a much larger annual yie1d. 
of. rub\ler than the Funtmnia. The latter tree ~ 
however, be growu in semi-dry distriots where the P_ 
fi:1III will. IlOt thrive. 
~ foliowing account· gtves " brief 81lJ1lIIlazy of the 

position of the rubber ind\lStry· in eaoh of the West 
AlrillAll C<ll0Qjee and Protectorates <see also.T1ie .A.tri-
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cultutul and Forl!8t Produd8 ofJJritiah West Africa, by 
G. C. Dudg,,¥)n, in this series of Handbooks). 

GAMllIA 

The exports of rubber from this Colony reached their 
height in 1898, when they amounted to 4S1,02Q lb., 
valued at £30,468. Since that date, however, there has 
been a very considerable .decline in the exports, which 
have fluctuated in a very marked manner from year to 
year and in 1910 fell to 7,148 lb. valued at £952, and 
in 1912 to 4,335 lb. "alued at £409. It is stated that, 
owing to the destruction of the vines by tho natives, 
very little rubber has been collected in the Colony since 
19015, and that a large part of the rubber exported 
has been obtained \rom the surrounding French territory. 
Rec~nt legislation in the French Colonies will tend to 
diminish this transit trade, and tllCre is therefore very 
little hope o~ any considerable increase in the exports of 
rubber frem the Gambia in the future. 

The principal indigenous rubber plant in the Gambia, 
is the vine Landclphia HewieWtii, A.DC. This vine was 
most abundant in the Jolah country, but has been largely 
e"'t~minated through excessive tapping. To obtain the 
rubber from the vines, t~ natives ma.ke incisions in the 
stems and sprinkle salt water on the cuts in order to 
accelerat.e the coagulation of the latex. After four or 
five hours the rubber is collected from the incisions, the 

• strips being usually wound together to form balls. 
Landclphia Hewielotii frequently occurs in the Gambia 

on graBlf Jands subject to annual fires, where it develops 
a bushy form. The natives obtain rubber from these 
plants by exposing the roots and tl'Ollting them in the 
manner described above for the stems. 

In addition to La'tldo!phia H ew1eJ,qtii, the following 
vines hav" been recor4ed from the Gambia: La'tldo!pkia 
florida. Benth., Landolpkia 8enegalenaia. Kotschy and 
feyr. (both of which yield resinous producljs of nd'v&lue), 
and &lUBeLl multiflora, A.DC. 

l'icu Vogelii, Miq., also.occurs in the Colony. But 
the mbber which it furnisheS is of very :resinoua _tim> 
and ia -not at ~t collected by the _tives. 

"No ~pt& have. been made to cult.ivate rubber 
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trees in the Colony, althtmgh a number of exotic sPecies 
have been introduced for trial. The Ceara tfee (Manihoe 
G~ziovii) has given tho most promising results, but 
tliere is very little information on record regarding the • 
yield of rubber furnished by the trees. 

SIERRA LEONE 

The figures of the exports oforubber from Sierra Leone 
show that the trade reached its maximum in 1891, 
when 1,496,432 lb. valued at £.77,737 were shipped from 
the Colony. Subsequently there h:s been a considerable 
doolfue, and in 1912 the exports were only 21,970 lb. 
valued at £,2,962. The chief reasons for,. this decrease 
in the exports are (1) the extermination of tne wild plants 
in the Protectorate by improper me1ihods of tapping; 
(2) the clearing of large areas of forest land by the natives 
for purposes of cnltivation; and (3) the diversion into 
other channels of most of the rubber from theOlmrrounding 
territories, and also of the rubber obtained in th" Koina­
dngu district of the Protectorate, which no longer comes 
dilwn to Freetown. The fall in the exports which occurred 
in 1908 was attributed principally to the very low price 
of rubber during that year, but the figures for 1909 to 
1912 show a continued decline .• 

The rubber-yielding plants indigenous to Sierra Leone 
inclnde species of Landolphia and Clitandra vines, which 
occur in all the districts of the Protectorate, and also the 
West African rubber tree, Funtumia e«18tioa, Stapf, 
which was recently found in the forests of the Panguma 
district in the east of the Protectorate. The bu~ of the 
rubber exported is stated to come from the Bandajuma, 
Pauguma, and Koinadugu districts. 

The most abundant rubber vine is known 1108 "Jenje," 
and has been identified as LarukJlpkia owarien8ia .. Beauv., 
or as 3 variety of this species considered by !ihevalter 
to be the plateau form of the plant. The rubber is 
~ by the natives in the following ways: (I). 
Incisions are made in the stem and the latex is coagulated 
by sprinkling lime-juice or 3 .~lutiol1' of. salt on the cuts. 
~e TIlfP>er is left on the stem for a short time, and 

.. is t!-:.4l. stripped off and rolled into balls. (2) The vine 
•• cut dOn and divided into pieces which at\ soaked 
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in wA:ter for several weeks; th~ bark is then stripped 
off and the ,rubber separated from it by beating and 
washing. The roots are also treated in a similar man­
ner. The rubber thus obtained is cut into strips and 
wound into balls. 

Another rubber-yielding vine, known as "Jawe," 
which occurs throughout the eastern part of the Pro­
tectorate, has bee,n identified as a species of Clitandra, 
cf. O. laxiftora, Hallier f., whilst a false "Jawe" proves to 
be Olila'lldra Mannii, Stapf. From the former vine the 
latex is collected in bulk and coagulated by boiling. 

The Funtumia elastica tree is known as "Gboigboi" 
in the Panguma district. To obtain the rubber, the 
natives usually felled the trees and tapped them by 
making annul:r incisions in the bark at frequent inter­
vals. The latex Wft.S collected and heated ill a pot over a 
fire, the freshly coagulated rubber being removed, placed 
between leaves on the ground, and stamped with the feet 
until it was. pressed out into a eake; it was then cut 
illto strips and wound illto balls. The Funturoia rubber 
prepared ill this way came illto commerce, under the 
name of " Manoh twist." Sometimes the natives stripped 
off the bark from the felled trees and extracted the rubber 
from it by a process of beatiug and washing. This 
practice of cutting down ~e trees is now beillg prevented 
as far as possible. 

Ficus Vogel;;, Miq., also occurs ill Sierra Leone, and 
its latex is &aid to be used by the natives for mL-ting with 
that of Funtumia elastica and the rubber vines. 

The cultivation of the illdigenous Funtumia elastica 
has betfn undertaken on a sma.ll scale ill Sierra Leone, 
but the trees are not yet old enough for tapping. Ex­
periments with the Para tree (Hevea brasiliens;") are also 
ill progress, tfmall plantations of the trees having been 
established at a number of stations, and the results so 
fa obtailted are fairly promisiug. 

GoLD COAST 

The production of rubber.ill the Gold Coast has shown 
less dimiaution than ill the Gambia. and Sierra Leone. 
The exportJs during the ~ 18110 to 1896 'YIIried fro. 
it! "to .. -.illion lb.; '" rise then took pIa.ee and the 
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maximum was reached in 1898 when 5,984,9i!'4 lb. 
valued at £551,667 were shipped from ,the Colony. 
During the four years 1000 to 1903 there was a con­
sillerable falling-off, which was attributed principally 
to the disturbances in Ashanti, but from 1904 to 1907 
the production again increased to 31 to 4 million lb. 
per annum. The heavy deoline in 1908, when the 
exports fell to 1,773,248 lb., was prima.rily due to the 
very low price of rubber, whi~ made its collection less 
profitable to the natives, and not to any general failure 
of the supply. Oonsequently in 1909 the production 
again increased to 2,764,190 lb., a1!d in 1910, when very 
high prices were realised, there was a further increase 
to 3,223,265 lb. Since then, however, the exports have 
again diminished, and in 1912 they were ~nly 1,990,699 
lb. valued at £168,729. • 

The principal rubber-yielding plants indigenous to 
the Gold Coast are Funtumia elaatica, Stapf, Landolphia 
awariensi8, Beauv., and Ficus Vogelii, Miq. ;. in addition 
Landolphia Klainei, Pien-e, Landolphia Tn.,mpsonii, 
ehev., and other vines also occur. The rubber is chiefly 
c~lIected in the forests of Ashanti, Sefwi, and Akim, 
some of which are very rich in rubber-yielding plants. 

In tapping Funtumia elastica the natives employ 
the double hen-ingbone system. (see p. 66) and the in­
cisions are carried as high up the tree as possible, often 
to a height of 50 ft. or more. The latex is oollected at 
the foot of the tree in a vessel into which it is directed 
by & clay lip, or by a piece of wood or leaf inserted in 
the bark. It is usually poured, without being stra.ined, 
into a shallow oblong pit, dug in the ground &J!d care­
fully plastered with clay in order to render it partially 
water-tight, and is allowed to remain there for a con­
sidera.ble time until coagnlation has tak&1 place and 
the rubber is sufficiently firm to be removed. The 
product thus obtained is a. porous mass of ruJSber ClQn­
ta.i:ning & large quantity of the serum of the latex. and 
theref~ very liable to ferment and develop objectionable, 
odonrs. Sometimes the acid juice of limes or other 
fruits, <It more rarely It 8Oluti~n of salt, is added to elfect 
ooagIIlation. or the latex if. bOiled. • 

The value. of the Gold Cc>a.st "lump" rubber is de­
~ not only by the methpd adoped n..itII ~ 
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paratfon, but also by the nati~ practice of adding to 
the btex ofl Funtumia elastica before coagulation the 
latices of non-rubber-yielding plants, such as Funtumia 
a/rirona, Stapf, Chloroplwra exceisa, Bth. and Hook. f, 
Antiari8 toxica"ia, Lesch., Aktouia sp., etc., which 
render the rubber resinous and adversely affect its 
physical properties. In consequence of this procedure 
Gold Coast "lump" is usually of inferior quality and 
realises a comparatively k>w price in the market. 

Attempts are being made to induce the natives to 
keep the httex of Funturnu, elastica pure, and to coagulate 
it by boiling the dilu~d latex or by adding to the latex 
a hot infusion of Bauhinia reticulala leaves or a quantity 
of the juice of \pc Diecha vine, Strophanthus Preus8ii. The 
freshly coagulated rubber is then rolled out into biscuits. 

The rubber of ·Landolphia owariensis is usually col­
lect'ld in the form of balla, and is of very good quality. 
This vine has also been found to occur in the Northern 
Territories o~ the Gold Coast, where it is known as "Pem­
peneh," lsut it does not appear to be very abundant there. 

An inferior "flake" or "paste" rubber, which is of 
very resinous character, is also prepared from the Iatic¥ 
of certain vines. , 

Ficus Vogelii is freely distributed in certsin parts of 
the Gold Coast, but the.tree is not usually tapped by 
the natives. The rubber is of very resinous character, 
like that obtained from the tree in the Gambia. 

Considerable progress has been madc in the cultivation 
• of rubber trees in the Gold Coast. H evea bra$ilie'll8is, 

the Para tree, was first introduced into the Botanic 
Gardens at Aburi, and Government plantations of the 
trees have since been established at Tarquah, Coomassie, 
and Assuantsi. The cultivation of this tree has also 
been undertaIi:cn by European planters, and large numbers 
of the seeds and seedlings have been distributed to the 
natives k different districts. In 1911 three of the 
European planting companies had each from 40,000 to 

<00,000 Para trees of various ages on th.eir esta~. The 
results of experimental tappings on both· Government 
and private plantations ha"¥ been very promising. 

SimlJ&r !lQtion has been taken with regard to the 
. ~ Pt6llhlmia elamca, plantations of which h&ve 
.......... ~ bv the Government.. bv 1lIanterB. 6lld 
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by the natives. Two .planting companies had> each 
about 40,000 Funtumia trees under cultivation in 1911. 

Experiments have also been made with' the Centra) 
h'rnerican rubber tree (Caslilloa e/a$tica), the Ceara tree 
pfanihot Glaziovii), and the Assam rubber tree (Ficw 
ela.stica), but nono of these has given very promising 
results up to the present. Some of the new species of 
Manibot are also being cultivated expt'rimentally. 

SOUTHERN :!\'WERIA 

Since 1906 the old Colony and Protectorate of Lagos 
has been included in the Colon)" and Protectorate of 
Southern Nigeria, of which it forms the Western Province. 

The rapid development of the rubber resources of 
Lagos, following the discovery in the countlry of a rubber­
yielding tree (subsequently identiJled as Funtumia 
e/a$tica), forms one of the most remarkable events in 
connection with the West African rubber trade. In 1894 
the exports were only 5,867 lb. valued at £3l!4, but in the 
following year they jumped to no less than 5,Of9,576 lb. 
valned at £269,893, and the maximum production was 
reached in 1896, when the figures were 6,484,365 lb. and 
£347,721 respectively. This enormous increase in the pro­
duction was obtained by destructive methods of tapping, 
which are stated to have killed 75 per cent. of the trees, 
and was followed by a rapid dec"Jine, the exports falling to 
596,332 lb. in 1900 and 131,311 lb. in 1903. Some recovery 
took place subsequently, and in 1906 the production of 
rubber in Lagos VIas 927,627 lb. valued at £91,260. 

In the old Protectorate of Southern Nigeria (the 
"Eastern ana Dentral1'roVinC6s 01 the new aO.niui"'tratlon) 
the variation in the supply of rubber has not been so 
extreme. The exports were 874,298 lb. in 1898-9 and 
increased to 2,251,315 lb. in 1900; dming the next 
two years they declined, the figures for 1902 being 
865,834 lb., but subsequently they again increBSed, and 
in 1905, the last year of the old administr:tion, "the 
exports. of rubber were 2,842,831 lb. valued at £226,387, 
the highest figures attaineq. I 

The exports from the whole of the new Colony and 
Protectorate of Southern N'Igeria declined comdderably 
during the years 1906 to 1909, the figures being 3,43'.279 
lh. m 1006; 2,fi43,823lb. in 1007; 1,222,203 U. in 1908; 

a 
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r • 
and '1,388,009 lb. in 1909. The diminution in 1907 
was stated fO be due to the prohibition of tapping in 
some of th principal rubber districts, whilst the low 
price of rubber in 1908 no doubt adversely affected tile 
production in that year. During 1910 the exports 
increased to 2,63<1,023 lb., nearly double those of the 
previous year, whilst in 1911 and 1012 they were 2,164,286 
lb. and 1,579,200 lb. respectively. 

It must be remembered that the exports of rubber 
from Southern Nigeria i;clude the amount obtained in 
Northern Nigeria, which forms a considerable percentage 
of the total (see p. ll?A). 

The indigenous rubber-yielding plants of Southern 
Nigeria are Funtumia elastica and species of Landolphia, 
Clitandra, and Carpodinus vines. 

The Funtumia tubber is usually prepared in the form 
of "lump" by methods similar to those employed in 
the'Gold Coast, which have been already described, and 
the product suffers from the same defects. 

P~rsis~,;nt' efforts are being made by the Forestry 
Department to induce the nat.ives to adopt improved 
methods of tapping the trees, to abandon the practillf' 
of mixing inferior latices with that of Funtumia ela8tica, 
and to prepare the unadulterated rubber in biseuit form. 

The most important of the rubber-yielding vines 
indigenous to Southern ~igeria are LGf"Iolphia owariensia 
and Clitandra elastica, Chev., both of which furnish good 
rubber, which. is usually oollected in the form of balls. 
Landolpkia Tlwmpsonii and two speoies of Caipodinus, 
(J. WX-'YiIa., Rua,Wli (J, 1'Jlm.., Pitm:<>,'l.IJljl'Y'.J'= Wli ~;I'JIi 
the inferior product known as "flake rubber." F~U8 
Vage/i. is found in Lagos, but does not appear to be 
tapped regularly by the natives. 

The questien of rubber cultivation has received con­
siderable attention in Southern Nigeria. Government 
plantatioos of Funtumia elastica have been established, ana the -natives have been encouraged to plant these 
trees in considerable numbers in proximity to their 
'villages. Many of these ~tive plantati<inB are now 
reaching the producing stage, and the rubber obtained 
in the first tapping experftnents on a large Scale baa 
beeIl sold .in London at veey good prices. 
~ aetion baa been taken with the Pva tree, 
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• • which h"" been sueceojfully introtluced and fOUlld to 

grow well in parts of the wet zone. A number of European 
companies have already formed I'lantatiollB bf Para trees, 
!tie largest of which are in the Sapele district, where 
two estates had respectively 70,000 and 20,000 trees 
of various ages in lOll. The results of the experimontal 
tappings have been exceedingly promising. 

Other exotic rubber trees, such as G~illoa ela8tico, 
Manilwt Glaziot~i, and Ficm elastica, are also being grown 
experimentally in Southern :It.gcria. 

NORTHERN NIGfRIA 

The rubber collected in Northern Nigeria passes in 
transit through Southern Nigeria and is included in the 
exports from the latter country. The .. parate returns 
of the exports of rubber from Northern Nigeria during 
recent years are as follows : 511,110 lb. rn 1908; 449,346Ib. 
in 1909; 519,943 lb. in 1910; 752,669 lb. in HIll; 
and 451,300 lb. in 1912. . 

The rubber-yielding plants of Northern" Nigeria are 
the same as those occurring in Southern Nigerut, and are 
chiefly found in the soutll of the Protectorate in the 
Provinces of Kabba, Bassa, N assarawa, and IIorin. The 
rubber is prepared in similar ways to those in use in 
Southern Nigeria. A considerable quantity of "root 
rubber" is made in NortheI1l Nigeria by beating th,' 
bark of the roots and stems of vines, and is known as 
U brown cluster" or H brown medium." 

An inferior product known as " paste" rubber is aJsn 
prepared in Northern Nigeria by mixing the latex of· 
the ;, Ebo" or'" Ibo" vine (Landolphia floriqa) with 
an eqnaJ quantity of the wood oil obtained from Daniell4 
fhurifera. The. liqUid is then boiled and kept consf a l.tly 
in motion by stirring until it forms a sticJsy mass which 
can be handled in water without adhering to the skin. 
This "paste " rubber is exported in casks. • 

The rubber of Fic1u Vageli; is exported ander 'the 
name "balata," the product being of inferior quality 
owing to the large porcentage of reain present. • 

Other species of Ficwf, such 88 Fic1u platgphgUa, 
Del., furnish the product lIIlown locaJly 88 "red Kana 
rubber." It is a hard resinous materi&l, exhibitin2 _ 
:re8'::IIb1anoe to ltUtta Ilercba in ita lll'OIIelties. 
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Tlfe cultivation of rubber t...es is being tried experi­

mentally irj Northern Nigeria. Small plantations of 
Funtumia elastioo trees have been formed near Lokoja 
and Zungeru and also in the Bassa Province. TriAls 
are also being made with Para and Ceara trees, and the 
latter have given very promising resnlts. 

UGfu'l;DA, EAST A' RICA PROTECTORATE, A I D 
NYASALAND 

The exports of rnbbell from the three British Pro­
ooctorates in East Africa are very much smaller than 
those from British \Vest Africa, as will be seen by com­
paring the following" tables, giving the figures for the 
years 1900-1 to 1912-13, with those on pp. 11 and 12. 

QUANTITIES 

"/ Uganda. East A.frica I Protectorat-e NY9Mland. 

~ I 
lli. I lb. 

lb. 
1900-i - 100.600 86,404 
1901-2 . - cannot be stated 14,393 
1902-3 • 68,626 

" 96,94J' 
11,723 

1903-4 45,S09 4,372 
1904-5 . I 51,970 182,863 17,664 
1905-6 42,718 144,032 17,280 • 
1906-7 73,191 148,624 16,403 
1907-8 34,530 118,160 15,533 
1908-0 47,738 81,424 IS,US 
1909-10 105.009 177,184 27,144 
1910-11 101,352 193,312 59,472 
1911-12 33,126 135,184 47,709 
1912-13 31,829 171,136 61,112 

VALUES . 
Uganda. 

EMltAfriea Nyaaaland. Protectorate. 

£ £ • 1900-1 · - 10,060 9,332 
1901-2 - 5,112 1,626 
1902-3 3,431 7,778 I,ISO 
1903-4 · 2,795 10,772 426 1 __ 5 

." 3,465 21.579 2,208 
1905-6 5,696 18.929 2,160 
1906-7 9.759 19,944 • 3,488 
1907-8 '.603 14.402 3,_ 
1909-9 6.366 • 7.051 3,083 
1909-10 · l;:ll~ 22,_ ',261 
1910-11 · · 31,983 10,669 
J911-1' · 4.4411 16,498 9,164 
1,ll1-13 · 4.481 22,541 11.003 

& 
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The total annllal production of rubber in the three 
countries since the year 1905-6 hItS been &8! follows: 

Year. TOllS. Year. TODlJ. 
1905-6 91 190IJ-lO 13S. 
1906-7 106 1910·-11 15S 
1907-S 75 1911-12 100l 
1908-9 64t 

The following account gives a brief summary of the 
rubber industry in ea~h of the Pro~ctorates: 

UGANDA 

Rubber was first exported from U~da in the year 
1902-3, and up to the year 1908-9 the exports Aho\Ved 
considerable variation, the minimum production being 
34,530 lb. in 1907-8 and the maximum 'l'6,191 lb. in 
1906-7. During the next two years there wa~ a large 
increase in the exports, which reached 105,909 lb. in 
190~10 and 101,352 lb. in 1910-11, this rise being due 
to the greatly increased production of rubber from the 
wild Funtumia trees. In 1911-12alld 1912-13, however, 
the exports feJl to 33,126 lb. an. 31,829 lb. respectively. 

The rubber.yielding plants indigenous to Uganda are 
Funt·umia ela8tica, Stapf, and the vines Landolphia 
!)awei, Stapf, Landolphia ugande1l8ia, Stapf, and Oli .. 
tandra oriemalia, K. Schum. Landolphia ugande1l8ia is, 
however, not of much importance &8 a sOlfrce of rubber 
in the Protectorate. Other species of Landolphla, such 
as L. Il'Ubturbinata, Stapf, and L. florida, Benth., which 
do not yield rubber also occur. 

Funtumia eia8tica was formerly thought to be restricted 
to western tropical Airica, but in 1903 Mr. M. T. nawe, 
of the Uganda Forestry Department, discove~ it 'in 
the Mabka Forest near the Victoria Nyanza, and since 
that date it has been found to occur freely in the other 
large forests of the Protectofate. Funtumia elastica is at 
present the most important source of Uganda rubber, and 
eftorts have been made to preserve tile wild trees SO 

far ~ possible by leasing the rights of exploiting the 
forests to European companies. The FuntWnll rubber 
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exported is obtained entirely fr~m the forest trees, and 
is of very g(-od quality, being prepared in the form of 
sheet or crepe by machinery. • 

The rubber-yielding vines, Landolphia Dawei, Stapf, 
and Clitarulra orientalis, K. Schum., grow principally 
on the outskirts of the forests or in those portions through 
which streams run. Landolphia Dawei, which is known 
locally as "Nansali," grows much more rapidly than 
most of the other rubber '<ines and attains a very great 
size. It furnishes a large yield of rubber which is of 
excellent quality. The other vine, Glifi1ndra orientalis, 
is known as " Kapa."· Its rubber is of very good quality, 
but it does not give such a large yield as L. Dawei. 

The rubber is collected from these two specics of vine 
by the natives, who make incisions a fcw inches apart 
on every availabl~ portion of the stem. The latex is 
coag-ulated by boiling, or by immersing the vessel con­
taining it in boiling water, or by adding a coagulant. 
The latex af.e'. orientalis (" Kapa") is readily coagulated 
on heating, but that of L. Dawei (" Nansali ") is not 
always coagulable by this method, and then salt or 
preferably acetic acid is added. The freshly coagulated. 
rubber is usually pressed out into biscuits or sheets. 

Experiments have also been conducted in Uganda 
with the principal exotic.ruhber trees in o.>;(ier to deter­
mine their suitability for cultivation in the Protectorate, 
and the results obtained with the Para and Ceara trees 
have been very promising. The Castilloa tree has been 

. found to grow well in the country, but it is not suitable 
for general cultivation as it is subject to the attack of a 
borer (lneeida leprosa, Fab.) which does great damage 
to the trees. 

Practically the whole of the rubber exported from 
Uganda up tb the present has been derived from wild 

. Funtumia trees or from the vines, but planting was 
commen~ in 1908, and it was estimated. that in 1912 
there were 3,860 acres of cultivated rubber trees in the 

.Protectorate. Of this total there were 3,000 acrllS under 
Para, 700 acres under Ceara, -and about 100 acres under 
Funtumia and Castillo&' 
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EAST ArnICA PROTECTORATE • 

• The exports of rubber from the East Africa Pl'otectora.te 
showed a gradual dedine froru 182,863 lb. in 1904-5 
to 81,424 lb. in 1008· 9. During tho next two years, 
however, there was It vcry large incr""80 in tho pro­
duction, the exports amounting to 1 i7, J!l4 lb. in 1009-10 
and to 193,312 lb. in 1910-11, tho figures for the latter 
year representing the maximum export of rubber from 
the Protectorate in anyone year since the commenoo­
mentof the industry. In 1911-12and 1912-13, thcexports 
were 135,1841b. and 171,136 lb. re;pcctively. . 

The indigenous rubber plants of the Protectorate 
include (I) species of La.ndolphia vines, (2) If uscarenJiasia 

. elastica, K. Schum., tho Mgoa rubber tree, and (3) 
Funtumia elastica, the West African tubber tree which 
has been recently discovered in the country bordering on 
the Victoria Nyanza. 

The bulk of the wild rubber exported f!'bm the Pro­
tectorate has been hitherto obtained from the IAndolphia 
vines. Of these the principal species is L. K irkii, Dyer, 
which is abundant in tho Coa.st Belt, whilst L. wataoniana, 
Vogtherr, and L. ugatUientJis, Stapf, are found on the 
Nandi plateau in the Nyanza Province at an elevation of 
6,000 ft. La1Jl/clphia kilimanajcrica, Stapf, is the source 
of the Laitokitok rubber obtained at a height of about 
3,000 ft. on the northern slope of lilt. Kilimanjaro, and 
another rubber-yielding Landolphia vine has been recently 
discovered on the south-eastern slopes of Mt. Kenia. 
The principa.l rubber-yielding areas are the cbast strip 
and the districts of Nandi and Lumbwa near the Victoria 
Nyanza. Only the coast areas have been systematicall) 
worked. 

In tapping Landolphia K irkii the natives cut off small 
slices of the bark and smear the wounds with salt watel 
in order to acoe1erate the coagulation of the !dex. 'ihe 

. rubber obtained is wound into baIls. 
In 1 ~6 the tree M IiMJarenJia8ia elaatica was found k 

ooonr in the forests on the'Shimba Hills, although it u 
not very abundant. Experiments are, however, hein@ 
made in order to determine the yield -of rubber which 
it w'.!l furnish, and its_ suitability for planting _purposes. 
TIle 11lbber is lUII!&lly ob~ -!~ ~ idbisioDa il: 
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the b~k and allowing the latex tel coagulate spontaneously 
on the stem. t 

At present there is little information available regardin,g 
the occurrence of Funtumia elastica in the East Africa 
Protectorate beyond the statement that the trees occur 
in considerable numbers in the forests of the Yictoria 
Nyanza basin at altitudes of 5,000 to 6,000 ft. 

Experiments have been made in the East Africa 
Protectorate with Para, (leara, Funtumia, and Castilloa 
rubber trees. Except in a few favoured situations tho 
climate, even in the Coast and Lake regions, is not suitable 
for the Para tree. 'l'ne Ceara tree has, however, done 
very well, and large plantations of this species have been 
already formeq. 

NYASALAND 

T\le exports of rubber from Nyasaland amounted 
to 118,239 lb. in 1899-1900 and to 86,404 lb. in 1900-1, 
but in the foolowing year they fell to 14,393 lb. and the 
maximuR!. production during the period 1901-2 to 1908-9 
was 17,664 lb. In 1909-10 the exports rose to 27,144 lb., 
and during the next three years the figures were: 59,472110. 
in 1910-11, 47,709 lb. in 1911-12, and 61,112 lb. in 
1912-13. It was stated that the large increase in 
1910-11 was due princiJllllly to the more vigorous ex­
ploitation of the indigenous rubber vines, and in a lesser 
degree to an increase in the amount of plantation rubber 
produced. 

The indigenous rubber-yielding plants of Nyasaland 
are vines or shrubs belonging to the genus Landolphia. 
The prmcipal vine is L. Kirkii, Dyer, but L. Droogman­
siana, De Wild., and other species also occur. Large 
numbers of these vines have been destroyed by the 
natives in correcting the rubber, but measures have been 
adopted for preserving the existing vines as far as possible. 
The buJk:Of the wild rubber exported is collected by the 
natives from vines in the West Nyasa district. 
~ Two of the bushy forms of Landolphia, L. pdhJi/olia, 
K. Schum., and L. Tkollonii, Dewevre, which furnish 
the so-called root-rubber, are also foUnd in the West 
Nyasa district, and machines have recently been intro­
dooed for the extraction of the rubJxl.r fr~m the 1:I11Qer. 
tp'OlIIld ~ ~ t.hese pJan~ 
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Considerable atteniiolt has been devoted in NyalaIand 
to the cultivation of exotic rubber-yielding trees. ]t 
has been found that the climate of the Shire Highlands 
iJ not suitable for the growth of the Para tree, and the 
only part of the Prote.ctorate where this tree will thrive 
is the West Nyasa district. An area of 762 acres has 
been planted with Para in this district, but the trees are 
not yet ready for tapping. 

The Ceara tree, on the ot¥er hand, has been found 
to grow well in many parts of Nyasaland and has been 
planted on a fairly large scale. In March 1913 there were 
7,659 acres planted with this tree.· The rubber obtained 
from the trees is of good quality and consignments have 
been sold at very satisfactory prices in L~ndon. 

ZANZIBAR AND PEMI!A 

The island of Pemba possesses two indigenous rulober­
yielding plants, viz., the vine Landolphia Kirki;, Dyer, 
and the tree Mascarenhaaia e/a,stica, K. Sc~um. 

The Landolphia vine is very restricted in he distri­
bution and only occurs in a small forest 3 or 4 miles in 
length with a mean width of 1 mile. The yield of rubber 
from the vines during 1909 and 1910 Was about Ii tons 
per annum. 

Mascarenhasia e/a,stica is re~rted to be fairly widely 
distributed in Pemba, but has not yet been found in 
Zanzibar island. It furnishes a small yield of rubber of 
good quality. 

The Ceara tree has been introduced into both Zanzibar' 
and Pemba and found to grow well. Colliliderable 
numbers of the trees have been planted by the Govern­
ment and the natives, and tapping has already commenced. 

Experiments are also being conducted with Para and 
Castilloa trees. 

TRANSVAAL 
. . 

The rabber-yielding plant!! indigenous to the Transva.a:& 
consist of Landolphia vines, the principal of which is 
Landolphia Kirkii, Dyer. • These vines occur in the 
Zoutpansberg and Lydenburg districts, situated in the 
nort~-eastern and eastern part of the Province, but 
they have not yet Peen eXJllojt(ld pn Jl j)!)J.U)JleItial s~le, 
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Species of Euphorbia and 'Conopharyngia, which 
furnish resinous products, also oecur in the 'l'ransva.a.!. 

NATAL 

The rubber vine Landolphia Kirkii, Dyer, known 
locally as "Ibungu," is indigenous in the forests of 
Tongaland in the northern portion of Natal, and is the 
source of the rubber p~duced in the Colony. The 
amount obtained is, however, only small at present. A 
species of Ficus (Ficus utilis, Sim) which yields a rubber­
like material also oeeuts in the same district. 

Recently quantities of the resinous product prepared 
from the latex of Euphorbia TirucaUi, L., have been 
exported to EJrope, where the material is being utilised 
for certain teChnic",\ purposes. 

RHODESIA 

The ~enous rubber-yieldm"g plants of Rbodesia 
include species of Landolphia, Clltandra, and Carpodinus, 
which occur principally in Northern Rhodesia. Th~ 
most important vine is Landolphia Kirkii, Dyer, but 
several shrubby plant .. which furnish rubber also occur, 
including Landolphia parrifo1ia, K. Schum., Olitandra 
henrique8iana, K. Schum., and Oarpodinus gracili8, Stapf. 
The existence of a number of other native rubber-yielding 
plants has been recorded, but the botanical identity of 
these has not been definitely determined. 
• A number of exotic rubber trees have been tried 
experimentally in Rhodesia, and up to the present time 
the Cear~ tree (Manihot Glaziovii) has given the best 
results. 



CHAPTEft III 

THE PRINCIPAL RUBBER-YIELDING PLANTS . 
Geograpbical Distribution.-Tho rubber-yielding plants 
afIl practically restricted to the tropics, an~ their extreme 
geographical limits may be placed at ahout 28· north 
and south of the equator. They are lll:ost widely dis­
tributed in Central and South America and in tropical 
Africa, as the port.ion of A"a lying within the above-
mentioned limits is only small. • 

In America the area in which rubber plan!s are in­
digenous comprises Mexico, the States of Central America, 
IlOme of the 'Vest Indian islands, Colombia, Venezuela, 
the Guianas, Ecuador, Peru, Bolivia, and Brazil. 

Rubber plants are also found over practically the 
whole of Central Africa.. They extend from Senegambia 
through West Africa, across the French Congo into the 
Bahr-el-Ghazal Province of the Anglo-Egyptian Sudan, 
and thence into Abyssinia. South of this line they are 
found right across the continent and also in Madagascar,. 
the southern limit running from Portuguese West 
Africa through Rhodesia and the northern pait of tbe 
Transvaal to Zululand on the east coast. 

In Asia the occurrence of wild rubber plants is limited 
to India, Indo-Cbina., the Ma.lay PenUisula and the 
neighbouring islands. Rubber plants are also indigenous 
in New Guinea., Fiji, and other islands of the!Pacifie. 

BotaDical lIoarce.-The principal rubber-yielding plants 
belong'to one of the three natural orders Euphorbiacea.<l. 
Urticaceae, and Apocynacea.e. A few of lesser importance 
belong to the natural 0$ Asclepiadaeea.e, and the 
Gua~ rubber plant of Mexico (Parlliimium argentatvm) 
is D~teWorthy in belonging to the o;>rder CompotJi$a.e. 

l'laa'tll belonging to these JIA~. orderJ t.re auite 
. . til 



30 THE PRINCIPAL R\JBBER-YIELDIXG PL4NTS 

comml:m outside the tropics, and some of the temperate 
species produce latex, which, however, does nat yield 
rubber_ The production of rubber-yielding latex is 

• therefore restricted to the tropical species, but it must 
not be assumed that all tropical plants containing latex 
will furnish rubber. As a matter of fact only compara­
tively few of the laticiferous plants which occur in 
the tropics yield rubber of good quality, and in dealing 
with a laticiferous plant, theoidentity of which is not known, 
it is necessary to coagulate a quantity of the latex in 
order to determine the nature of the product before 
deciding that it is !I; rubber-yielding species. l\1any 
examples might be given of closely allied plants, such as 
Funtumia elastica and Funtumia africana, which eaoo. 
contain latex aJd are found growing in the same situations, 
but whereas the "'rmer furnishes rubber of excellent 
quali!,y, the latter only gives a sticky resinous product 
of no commercial value. It is therefore necessary to 
discriminate .,arefully in many cases between closely 
related species of the same genus, some of which yield 
good rubber whilst the others furnish a worthless 
product. 

The rubber-yielding plants include trees, climbers or 
vines, shrubs and herbs. In America the principal 
sources of rubber are trees l>elonging to the genera Hevea, 
Manihot, Castilloa, Sapium, Hancornia, and Micrandra, 
the rubber vines being represented by two species of 
the genus Forsterollia and the shrubs by the Guayule 
l1lbber plant of Mexico. In Africa, on the other hand, 
the majority of the indigenous rubber plants are 
vines or· shrubs belonging chiefly to the genera Lan­
dolphia, Clitandra, Carpodinus, and Cryptostegia, and" 
the rubber trees are restricted to Funtumia elastica and 
a few species Of Mascarenhasia, Ficus, and Euphorbia; 
herbaceous rubber plants are also represented in Africa 
by the 8~ies of Raphionacme (principally R. utilOs, 
Brown and Stapf) which contain rubber in their tuberous 
lVOts. Similarly rubber vines belonging to the "genera 
Urceola, Willughbeia, Paramel'ia, Ecdysanthera, Chone­
morpha, Rhynchodia, CryptOlitegia, etc., are abundaut in 
Asia, and the principal rubber trees are Ficu8 elaatica, 
D,ern ~, and Bkel<rodea tonlcinensill. 
- The folJd\ring IICClOUIlt enumerates the principal rubber-
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yieldin~ plants of the yorld grouped according tJ their 
natural orders: 

L EUPHORBIAOE111 

I. Hevea brasiliensis, Miill. Arg., the Para rubber tree 
This is the most important rubber-vielding plant 

since it furnishes the greater part of lhe w::'rld's supply 0: 
rubber, either from wild t~s in tho Amazon vallcJ 
or from cultivated trccs .in Asia. The rubber derived froll 
this tree is also of the highest qU~lity, and the "tint.. 
hard Para" from South Ameri~ forms tho market 
standard of price. 

JJ.!'J!!'./J. h>:W<'i.fJ.p.,.,i;< .ill .J}. Jarg.<> Jnr.pJlt tn7tJ w};}C.b occurs 
wild throughout the entire valley Ilf tilt Amazon and 
its tributaries to the south of the Iru~in stream. It has 
been found to grow well in suitable situations through­
out the tropics, and is now being Ct!ltivated extensrvely 
in Ceylon, the Malay Peninsula, India, S1¥l1atra, Java, 
and ot,her countries. • 

A number of other species of Heve" also occur in South 
1\merica, some of which are known to yield good rubber, 
but they are of less importance thall Hevea brasiliemis. 

A description of the Para rubber tree and its allies is 
given in chap, ix. p. 101. • 

2. Manihot Glaziovii, Miill. Arg., tlle Ceara rubber tree. 
This tree is a native of the north-eastern portion of 

Brazil, especially in the province Gf Ceara, where the 
climate is much drier than in the Amazon valley. It. 
furnishes the rubber known as Malll~oba in Brazil. 

The Ceara trcc has been introdtlced into alfnost all 
tropical countries, and it is now ~ing cwtivated on a 
large scale in East Africa. If carefully prepared, the 
rubber is of excellent quality, and Piantatioft Ceara rubber 
is practically equal in value to plantation Para. 

Three other species of Manihot ""!tich also Sield 11lb­
her have been discovered within tl\e last few years in 
eastern.BrazH and have been ~ Manihot dic1wtoma. 
M. keptapkylla, and M. WMyemis. It is stated that 
.in Brazil these species are "11perior to Manihot Glaziovii 
as sources of rubber, and tlley are being cwtiva.ted ex­
perimentally in many countries at i,he present time for 
comparison with the Ceara tree. 
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Tht ruhber-yielding species ~ Manihot arc described 

in chap. x. p. 137. 
3. Sapium spp. 
A numher of trees belonging to the genU8' Sapilllh 

occur throughout the northern part of South America, 
heing found in Colombi:>, Venezuela, British Guiana, 
Ecuador, Peru, and the Amazon valley. Rubber.of good 
quality is kuown to be furnished by some of these trees, 
but the botanical identity.of the rubber-yielding specie. 
is not in all cases fully established. It appears certain 
that the "caucho blanco" rubber from Colombia is 
derived from a species of Sapium which Jumelle believes 
to be Sapium utile, Preuss. 

In Brazil only one species of Sapium, S. Taburu, Ule, 
is known to yi~ld good rubber. This tree is very common 
in certain districts. on the alluvial lands along the main 
river and its tributaries. The latex is generally mixed 
witH that of H evea brasiliensis, but in those districts 
where the lq.tter species does not occur, the rubber of 
S. TabUT¥ is prepared by allowing the latex to coagulate 
on the tree and then collecting it in ball form. 

Several species of Sapium occur in British Guiana, and 
two of these, 8apium Jenmani, Hemsl., and Sapium 
cladogyne, Hutchinson, yield rubber of good quality. 
Authentic specimens of the rubber obtained from forest 
trees of Sapi"m Jenmantwere found on examination at 
the Imperial Institute to be very little inferior in com­
position and value to the best Para rubber. The follow­
ing analysis of a sample specially prepared in biscuit 
form by Mr. C. Wilgress Anderson, of the Forestry De­
partmellt, may be quoted; 

Moisture 
Caoutchouc 
~in 
Pl'btein 
Ash 

Per C3nt. 
0'7 

93'7 
l'S 
3'2 
0'$1 

'l'his sample was valued at 48. 3d. per lb. in London 
-with fine hard Para at 48. "3!d. per lb., and plantation 
Para lliseuits at 48. 4tl. to 4& lid. per lb. . 

BaJiiuq J ___ • has been planted on a small scale ~ 
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British Guiana and eX}l4Il"iments hav-e boon made to de­
tennine the yield of rubber from forest trees. Interesting 
results have been obtained from tapping experiments 
e"nductell during a period of two years on old trees 
growing on the river bank at the Bonasika Reserve. 
The average yield of rubber during this period was 
18'33 oz. per tree, but it was found that whereas the 
rubber obtained from the first tappings Was of excellent 
quality, the product from the ~ter tappings was soft and 
tacky. This point is of considerable importance as it 
affects the value of the tree for planting purposes. The 
results so far obtained from younge plantation trees have 
been disappointing, and it seems doubtful whether Sapium 
J enman' can be recommended for cultivation in British 
Guiana. ' 

Further details regarding the rubber of S. Jenman' 
will be found in the Imperial Institute Selected Re~ 
on Ru1Jber and Gutta Percha, pp. 280-4.· 

4. M icrandra siplwnioidea, Benth. • 
The genus Micrandra is very closely related. Hevea, 

but is distinguished front it by its undivided leaves and 
itjl sm~ller capsules and seeds. The best known of the 
Brazilian species is M icrandra siphonioidea, a large tree 
growing in the Rio Negro area, which according to Ule 
yields good rubber. The tree 41, however, not exploited 
to any extent by the natives, as its latex cannot be mixed 
with that of the species of Hevea growing in the same 
district. It is stated, however, that rubber is prepared 
from species of Micrandra on the Pntumayo and Ucayali 
rivers. 

Ii. Euplwrbia spp. 
Most of the tropical species of Euphorbia yield latex 

freely, but the product which the latter furnishes on 
coagulation is usually of resinous character" and becomes 
hard and brittle on keeping. 

The most important species of Euphorbia at sonreee 
of rubber or rubber-like material are Euphorbia Intisy, 
Dr. d. Cast., which furnishes the Intisy rubber of southern, 
Madagascar; Euplwrbia rhipsaloidea, Welw., a native 
of Angola, from which the resinous, product known as 
" almeidina" or "potato gum" is derived; Euplwrbia Tirvcalh" L., which has been recently exploited in Natal ; 

.. CoUniW ~M~. Nq. 82. w_ .. Ie ... , Ltd. 



31 THE PRINCIPAL R"irBBER-YIELDING PLANTS 

and Euplwrbia ,ul!n, Stapf, the Palo Amarillo tree of 
.Mexico. 

A large number of specimens of the products obtained in 
South Africa from the latex of species of Eupht9rbia have 
been examined at the Imperial Institute, and several 
typical analyses are given in Selected Rep0rt8 on RUbber 
and Gutta PerelLa, pp. 416--21. The results show that 
the resin in the dry Illaterial may range from 56'1 to 92'S 
per cent., and the caoutdl<luc, which is usually of inferior 
quality, from 6'7 to 32'1 per cent. 

A specimen of the product stated to be derived from 
the latex of Euphorbfu Tirucalli in Natal was found on 
analysis at the Imperial Institute to have the following 
conlposition : \' 

Ma.terial Composition of 
as received. dry material. 
Per cent. Per cent. 

, Moisture 32'4 
'Caoutcli'Ouc 9'7 14'3 
Resin 61'2 75'S 
Protein 0'9 1'3 
Insoluble matter O'S S'6 

Ash 2'6 3'7 

Tbis product from Euphorbia TirucaUi is utilised, like 
" almeidina," for mixing purposes in rubber manufacture. 

U. URTIOAOKAJIi 

6. OfutiUoa ela<ltica, Carv., the Central American rubber 
tree. 

The habitat of this tree includes BOuthern Mexico, 
Central Amllrica, BOme of the West Indian islands, 
Colombia, and the western slopes of the Andes in Ecuador 
alld Perfl. Large Castilloo plantations have been estab· 
lished in Mexico, and the cultivation of the trees has &lao 
been undertaken on a smaller scale in BOme of the Stat<l8 
of ('",ntral and South Ameri!la, and in the West Indies, 
particularly in Trinidad aI\fl Tobago. The tree has &lao 
been introduced into Africa and Asia, but it has not 
given very good results when cultivated outside C>6ntra.l 
ADCl SoI*h Ameriea. . 
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Th .. well-prepared ruhltcr, as obtained on the pl!nta. 
tions in Mexico and the West Indies, is of very goo.: 
qUality. 
~ furt~ description of this tree ill given in chap. xiii 

p. 212. 
Another rubber-yielding species of Castilloa, whio~ 

has been named Gal/Ii/loa Utei, Warb., occurs in the 
Upper Amawn valley and furnishes the Caucho rubbel 
obtsined from that, region. • 

7. Ficus spp. A number of rubber-yielding speciC! 
of Ficus occur in Asia and Afrioa, and of th"se the follow· 
ing may be mentioned: 0 

(a) FiCll8 ela8tirAI. Roxb., the AI!.'li\m rubber tree. 
This tree, the well-known indiarubber pl~t grown for 
ornamental purposes in this country. is a native of Assam, 
Burma, the Malay Peninsula, Sumatra, Gnd Java. In its 
natural habitat it is a largo forest tree with buttress 
roots, and the branches give rise to numerous adventitious 
roots which grow to the ground and forlll subsidiary 
stems. It has been planted in Assam, the Malay Penin­
sula, Sumatra, and Java, hut its cu)tivation has now been 
lru;gely abandoned in Malaya in favour of the Para tree. 

The rubber of Ficua elaatica is somewhat variable in 
composition. In some situations the tree furnishes 
rubber of excellent quality. whsJrens in others it yields 
a product containing a considerable percentage of resin. 

A fuller description of this tree will be found in 
)hap. xiv. p. 227. 

(b) Ficus Vogelii, Miq. This tree is a native of West 
Africa, its habitat extending from the Gambia to the 
mouth of the Congo. The rubber is of inferior 'quality 
<?n account of the large percentage of resin present, but 
it is exported from Northern NigeriA under the name of 
" balata" and is utilised for certain technical purposes 
(see chap. xiv_ p. 234). 

(e) Several African species of FicW!, inclu~ i'ieva 
pialypkyll4, Del., i'ieu8 trachypkyll4, Fenzl., &Ild i'ie1U 
bibracteab, Warb., yield a hard, resinous product, some- • 
what resembling gutta pemha in properties, which is 
exported from Northern Nige;ia (see chap. xiv. p. 236). 

(d) A number of otber rubber-yielding species of FiOUfJ 
are known, 8uch lIB i'~ Schlechteri, Warb., and i'ieu8 
Riga, Bailey, both of which ooour in New Guioea. 
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Tho Imperial Institute Selecled Reports on Rubber and 
Gutta Percha contain (pp. 348-51) analyses of a number of 
products derived from other species of Ficus, such as 
Ficus comosa, F. indica, and F. rubra, which are: however, 
of no commercial interest. 

S. Bleekrodea tonkinensis, Dub. and Eberh. This tree 
occurs in Tonkin, and is stated to yield rubber of good 
quality which is collected by the natives. The base of 
the tree is ta.pped and thj;llatex is coagulated by boiling. 

III. ASOLEPIADACEAE 

9. Oryptostegia spI\c 
(a) Oryptostegia gmruiiflora, R. Br. This species of 

Cryptostegia occurs in Madaga.scar, Reunion, and Indis, 
and has beert introduced into Mexico and the Bahamas 
where it now grpws freely. It is a climbing plant or 
vine and yields rubber of good quality, which, however, 
is very difficult to obtain by tapping. 

Several sjlJIlples of the rubber from India and the 
Baham'lo'l have been examined at the Imperial Institute, 
and the following analyses may be given: 

Caoutchouo 
Resin 
Protein 
Ash 

Ball rubber Biscuit rubber 
from Gwalior. from Bahamas. 

Per cent. Per cent. 
(a) (b) 

S9·2 S6·S 
S·2 9·1 
1·9 3·S 
0·7 0·3 

It will be seen from these figures that the rubber is of good 
quality if carefully prepared. Analyses of other specimens 
of the rubber from India are given in Imperial Institute 
Selected Reports on Rubber and Gutta Perclta, pp. 400--2. 

(h) Oryptrutegia madagascariensis, Boj. This plant, 
which is stated to grow sometimes as a vine and some­
~imes as' a shrub, is the source of the "Iomhiro" rubber 
~i Madltga.scar. The yield of ot'Ubber from the plant is 
nnall and the product is of inferior quality, being us~y 
10ft and deficient in e1astiQity. It is stated that the 
rubber is employed for some special purpose in Germany 
tor which it commands an fncrea.sed price. 

10. Baplliomcme utiliB, Brown and Stapf. 
This --.tIy disyovered rubber plant is a native of 
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Portuguese West Africa whore it is known by V£riOU8 

na..tive names, such as '~\'it.inga, U "ecanda," a.nd ,. marl ... 
anga." It is of considerable interest owing to the fact 
that the latex is contained in the tuberous roots. 

Specimens of the roots and of the rubber obtained 
from them have been examined at the Imperial Institute. 
The average yield of rubber from the dry roots was found 
to be 10'5 per cent., but tho roots as received contained 
a very large amount of moisturo and only from 1'0 to 
1'5 per cent. of rubber. ' 

The rubber is of very fair quality, as will be seen from 
the following analysis of .. sample Plcpared by the natives 
in Portuguese West Africa : 

Moisture 
Caoutchouc 
Resin 
Protein 
Insoluble matter 

Ash 

Por cent. 

.' 1'0 
76'S 
9'0 
0'6 

12'6 . 
• The chief defect of the sample is the large a.mount of 

insoluble impurity present. For further information 
regarding this rubber see Imperial Institute Selected Re· 
porl8 on Rubber and GuJIIJ, Percha, pp. 409-11. 

Attempts have been made to cultivate this plant, but 
the results so far obtained have not been very encouraging. 

ll. Periploca nigre&ce1Ul, Aizel. 
12. Dregea rubicunda, K. Schum. 
These two vines are found in the Belgian Congo. They· 

are stated to yield rubber, but they are not flf much 
importance as sources of the product. 

IV. APOOYNACEAE • 

13. Funtumia eia8tica, Stapf (Kiclcxia elastica, Preuss), 
the African rubber tree or Lagos silk rubber 4'00. 

This tree, which owes its name of "silk rubber tree .. 
to the fact that its seeds have an attachment of silky 
hairs, is the most important rubber-yielding plant indigen.!' 
ons to Africa.. It is widely distribnted in northern tropical 

< Africa.. extending &CrOSS the 'IJontinent from Sierra Leone 
to the East Africa Protectorate and> southwards into 
the :iieJgia.n Congo. 
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F,Jntumia elastica is very abl'ndant in the forests of 
the Gold CoaAt and Southern Nigeria, and large numbers 
of the trees have been planted in both these countries; 

• it also occurs freely in Uga.nd{l.. The well-prepar~d 
rubber is of very good quality and realises a high price, 
but much of the product obtained by the natives is of 
low value owing to defective methods of preparation. 

This tree is dealt with fully in chap. xi. p. 160. 
14. Masca1"enhasia spp .• 
Rubber is furnished by several small trces belonging 

to the genus Mascarenhasia which occur in East Africa 
and Madagascar. f 

Mascarenhasia elastica, K. Schum., which is found 
in the East Africa Protectorate, the island of Pemba, 
German East 'Africa, and Portuguese East Africa, yields 
a small amount of rubber which is usually obtained by 
making incisions in the stem and allowing the rubber 
to eoagulate spontaneously in the cuts. The strips of 
rubber thus formed are then wound into bails. If care­
fully collected, the rubber is of satisfactory composition 
and good quality. The product is known as Mgoa or 
Goa rubber in the East Africa Protectorate and in Genu'}n 
East Africa, and as N'harasika in Portuguese East Africa. 

A number of specimens of the rubber of MascarenMsia 
elastica from East Africa have been examined at the 
Imperial Institute (see Selected Reports on Rubber and 
Gutta PercM, pp. 404-8), and the following analyses may 
be quoted as showing the composition of the dry rubber: 

) East A.frie:a Pemba Poriaguese Raat Africa. 

c--ao-u-t-Ch-O"':U:"'O--' -p-.-r-c-en-t-./ PM::..... 852' 9~)I /8~?611 SlB:} /8~\ 
~~:in: : n:: ~:: ~:~::~ ~:~ r: ::~ 
Insoluble matter to 12'7 2'1 0'9 6'5 7'6 7'9 

Ash. 2'54 1 1'29 1 2'0 1 1'8 1 1'9 I 1'9 

• Four of the samples analy,sed contained rather large 
amounts of insoluble impUfity, but specimen (1) from 
Portuguese East Africa is of very good quality, the 
quantity of caOutchouc reaching 92 per cent. 

No definite information is available as to the average 
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~'ield of ntb""r which tlte trees will furnish, but experi­
ments a.re in progr .... in l~""t Africa with the object of 
determining this point and also the suitability of the 
tr'ees for cultivation. 

Several other ntbber-yielding species of lIIascarenhasia 
occur in Madagascar, viz. .If. lisumlhifhml, A.nC., M. 
ancel's, Boiv., nnd M. longifolia, JUlll., which collectively 
furnish the nlbbcr known as Giclrol1. 

15. Ilancornia 81'ecioM, Mil!!. Arg., the lIlangabeira 
ntbbpr tree. 

This tree is widely distributed throughout Brazil, but 
the rubber is chiefly collected in tll~' Hla!"" of Bahia and 
Pernambueo, and ~lso in :Minas Gpracs, Goyaz, and Sao 
Paulo. It is a small tree which bears Ilil edible fruit 
about the size of a plum. The latex is usually coagulated 
by the addition of a solution of alum or'common salt, and 
the rub""r is frequently impure and of inferior qualil<Y. 

16. The African rub""r vines ""longing to the natural 
order Apocynaceae. • 

The Apocynaecous rubb"r vines occurring if! Africa 
belong almost entirely to the three genera J..andoJphia, 
Clitandra, and Carpodinus. These plants are usually 
found in the forests, where they occur as st.rong climbers 
or vines often of large size; they attach themselves to 
the trees on which they grow by means of strong hooked 
tendrils. A number of the species life also met with on 
open country, where, in the absence of any trees to servo 
as supports, they develop a bushy habit. In other cases 
the plants only occur as dwarf shrubs or undershrubs 
with partly herbaceous branches, and the rupber is 
obtained from their underground stems (rhizomes). 

Rubber vines are widely distributed throughout Central 
Africa. Their northern limit runs from &:negam bia to 
Abyssinia and their southern limit from Portuguese West 
Africa to Zululand. Within this a.rea they are found 
right across the continent and a number of speCies also 
occur in Madagascar. 

It ma~, perhaps, be mentioned that there are in Africa ' 
many Apocynaceous vines ~ntaining latex, which, how­
ever, does not yield a marko_hie rubber. 

The African rubber vines are dealt with in chap. xii. 
p_ 18R, but a list of the principal species with. t~ir goo­
grap~l qistributWII.may be given here. '.' 

• '+,1, .. " • 
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(a) Landolphia spp. 
Landolphia Hew:leWtii, A.DC. West Africa from 

Senegambia to Sierra Leone, and the southern 
portion of the French Sudan. 

Landolphia owarie1l8is, Beauv. West Africa from 
Sierra Leone to Angola, the French and Belgian 
Congo, and the Bahr-el-Ghazal Province of the 
Anglo-Egyptian Sudan. 

Lamlolphia Gentilii: De Wild. Belgian Congo. 
Lamlolphia Droogma1l8iana, De Wild. Belgian 

Congo and ~yasaland. 
L. Gentilii and L. Droogmansiana are very 

closely related to L. owarien8is. 
Lamlolphia Klainei, Pierre. Cameroons, Gaboon, 

French and Belgian Congo. 
Landolphia 'Kirkii, Dyer. East Africa from Abys­

sinia to Zululand. 
Landolphia dondee1l8is, Busse. German East Africa. 

This'vine is closely related to L. K irki;. 
Lamlolphia Stolzii, Busse. German East Africa. 
Lamlolphia Dawei, Stapf. Uganda and probably 

the Belgian Congo. ' 
Lamlolphia watsoniana, Vogtherr. East Africa 

Protectorate and German East Africa. 
Landolphia WJande1l8is, Stapf. Uganda and East 

Africa Protectorate. , 
Lamlolphia kilimandjarioa, Stapf. On lift. Kill­

manjaro in East Africa. 
Lamlolphia 1IUUiaga8oariensis, K. Schum. Mada-

'gascar. 
Lamlolphia Perrieri, Jum. Madagasca.r. 
Lamlolphia sphaerooarpa, Jum. Madagascar. 
LamlolFhia Thalianii, Dew. French and Belgian 

Congo, Angola, and Nyasaland. 
Lamlolphia pam/alia, K. Schum. Angola., Rho­

iiesia, and Nyasaland. 
Lamlolphia chylorrhiza, Stapf. Angola_ 

(6) OlilafUlra spp. 
. Olilandra orientalis, K: Schum. Uganda and Ger­

man East Africa. ' 
·Olilandra Amoldia_" De Wild.. (eJ.oeely related to 

Q. orie!tIalia). Belgian Congo. 
~~,Chev. (aJsoreJatedtoO.oriBtIIalia). 
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West Africa frtm ivory Coast to Southern 
NigE'm, 

Clitil1ulra sp,. of, C, lari{Wra, Hallier f, Sierra. Leone, 
Clitandra henrique.9iana. K, Schum, Angola and • 

Northern Rhodesia, 
(0) Carpodinus spp, 

Carpodinus hirsuta, Hua, West Africa. from Sene­
gambia to Nigeria, 

Carpodinus leucantha, K. Schum, Angola, 
Carpodinus gracilis, Stapf, Belgian Congo and 

Angola, 
17, The Asiatic rubber vines bel.nging to the natural 

order Apocynaceae, 
A large number of Apocynaceous rubber vines occur 

in the forests of India, Indo-China, the Malay Peninsula. 
and the neighbouring islands, The principal species are 
given in the following list : 

Urceola elastica, Roxb, 
Urceola el3culenta, Benth, 

'Willughbeia (irma, Blume, 
C1umemorpha macrophylla, G, Don. 
Rhyno/wdia Wallichi;, Hook, f, 
Ecdysanthera micrantha, A,DC, 
Parameria glandtdi/era, Benth, 
Hymenolophus Romlntrghii, BoerL 
M ichrechite13 ~is, Quint, 
Xylina/Jaria Reynaudi, JUJU, 

Many of these vines yield rubber of very good quality, 
Ju..t o!ihs- ru-.lru- oJ).' ..tills fIl.'Ul.fu,,<v .iI' dl'Mr .'I!Wmlll1' J-r .tills 
native methods of preparation, The following aialyses, 
made at the Imperial Institute, will indicate the com­
position of the dry rubber from certain of the vines: 

Caoutcboce. Re&in'L~ Insoluble -, mattel'. ______.___ --Per cent. Per1)ent.. PCltcent. Peretnt.. PerCent. U ___ ' 
83'9 10'2 - 5'9 : 1'2 

" 
. .. 81'8 7'5 - 10'7 I 1'8 

o~'~Ua 
77"7 18'5 - 3'8 I 1'0 
00-0 • B7'~ - 2'. ! 1'0 

BkyMkodw. WaUichi; , 890 . 6'7 - 4'3 

I 
0'5 

lGcdY«Jnthov:J micrantha . 84'1 11'5 ~ 4'4 1'3 
l"a ............. gltmduUlera , 91'8 6'3 1'4 - Q'5 

" " 
91'6 1Y8 1'9 -I_ 0'1 
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FJr further particulars regarding the above rubbers 
reference should be made to Imperial Institute Sekcted 
Reporl8 on Rubber and Gutta Percha, pp. 392-400. 

18. The American rubber vines belonging to the natulal 
order Apocynaceae. 

The Apocynaceous rubber vines are represented in 
America by the genus Forsteronia, of which there are two 
species, F. floribunda, G. Don, and F. gracilis, Miill. Arg. 

F. floribunda occurs frCj'ly in the limestone districts of 
Jamaica, and, as will be seen from the following analysis 
made at the Imperial Institute, it furnishes rubber of good 
quality: 

Ca01!tchouc 
Resin .' 
Protein . 
Insoluble matter 

.Ash 

Per cent. 
88'8 
7'l 
1'6 
2'5 

The rubber is, however, difficult to obtain from the 
vines by tapping. 

19. A number of rubber-yielding vines occur in some 
of the Pacific islands. In Fiji rubber is obtained from 
several species of Alstonia, the principal of which is stated 
to be A. pllLmosa, Labill., anol in British New Guinea 
rubber vines also occur and are tapped by the natives. 

20. Dyera cosiulata, Hook. f., the Jelutong tree. 
The inferior rubber-like material known a8 Jelutong 

or Pontianac is derived from several species of Dyera, the 
principal of which is Dyera costulata. The trees occur 
in the Malay Peninsula, Sumatra, and Borneo. 

Dyera costulata is a very large tree, the trunk of which 
may attain a diameter of 4 to 6 ft. It yields a large 
quantity.of latex which the natives coagulate by stirring 
with a Uttle kerosene, after adding .. small quantity of 
powdered gypsum. The product is usually prepared in 
the fO:rID of large balls or cheese-shaped masses. It ia 
white and granular, and when freshly prepared contains 
118 much as 60 per cent. of'moisture. The dry material 
contains about 15 per oent_ of caoutchouc, tbe remainder 
being l'eIiVt. 
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Large quantities of .J~lutong are exported from ~inga­
pore to Europe and America for use in rubber manu­
facture. 

V. OOMPOSITAE 

21. Parthenium argentatum, A. Gray, the Guayule 
Jubber plant. 

/' This plant is of interest as i~ is the only member of the 
natural order Composlta.e which furnishes tubber in 
sufficient quant·ity (0 be of commercial importance. It 
is a small shrub which attains a.height of about 3 ft. 
and has a much branched stem bearing small silver-grey 
leaves and yellow flower heads. The plant formerly oc­
curred wild over It large portion of the "bush prairies" 
in northern Mexico, but owing to the.extent to which it 
has been exploited during recent years the supply is 
rapidly dinlinishing. • 

The latex is contained in isolated cells w14ch are princi­
pally situated in the bark, but also occur in th", pith and 
the medullary rays. The rubber cannot be obtained 
b)' making incisions in the stem as the latex does not 
exude. and it must, therefore, be extracted by a me­
chanical process or by treatment with solventa. The 
crude rubber contains a rather large proportion of resin 
(2Q to 30 per cent.), but a superior product is obtained 
by removing the greater-part of the resin by treatment 
with a suitable solvent. The yield of crude rubber is 
stated to be from 8 to 12 per cent. according to the 
amount of moisture present in the plants treated, and the 
yield of the purified rubber from 7 to 8 per cent. • 



CHAPTER IV 

LU'EX 

Laticiferous Tissues of. Plants.-The latex of plants is 
contained in a system of special tubes, vessels, or cells 
which are usually present in every part of the plant, in 
the root, stem~ branches, leaves, aud fruit. Three types 
of laticiferous tiss\¥) occur in plants, viz. non-articulated 
tubes, articulated vessels, and single cells (sacs), and 
examples of each of these forms are found amongst the 
rubber-yieldi¥g plants. 

The non-articulated tubes are developed from special 
laticiferous cells present in the embryo which grow and 
branch in the tissues as the plant increases in size. The¥, 
cells may therefore attain an enormous length and they 
are not divided in any way. Such elongated laticiferous 
tubes are present in the seedlings of CastiUoa elastica, 
Funtumia elastica, and other rubber-yielding plants. 

The articulated vessels, on the other hand, are developed 
in the tissues from longitudinal rows of special cells. The 

• transverse walls of these cells undergo absorption forming 
long, continuous tubes (vessels) which become filled with 
latex. The adjacent vessels frequently communic;ate 
with one another by lateral passages, and thus produce 
a oomplete network in the tissues. Articulated latioifer­
ous vessels of this type are well seen in H evea brasiliensis, 
the Para rubber tree, and in Manikot Gu.ziovii, the Ceara 
rubber tree. 

A thir<f type of laticiferous tissue consists of isolated 
4'E'lIs whioh are known as sacs. These celIs are irelj_uently 
arranged in longitudinal rolllS, but they do not com­
municate with one another. This form is not common 
amoDgllt rubber plante, but it' occurs in the GuayuJe plant, 
p~_~, A. aray, belonging to the natnral 

'0l'deI; ~ and it is also met with in tbe trees which 
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yield gutta percha, Pa4J!uium app. of the natural order 
Sapotaooa.e . 

.A full knowledge of the nature of the laticiferoUB tissue 
in the different rubber-yielding plants and of its distribu­
tion and the mode of its formation in the cortex of the 
tappable treea would probably be of great assistance in 
devising methods of tapping suited to the peculiarities of 
the various species, but at present the information avail­
able on this subject is somewl1lLt limited. The principal 
investigations of the laticiferou8 tissues of rubber-yielding 
plants have been conducted with Hevea brMiliensis and 
Manilwt Glaziovii, and ha,ve been lIu-geJy confined to the 
seedlings of these plants. 

Scott'" first demonstrated in 1885 that t,Ile laticiferous 
tissue of Hevea brasiliensis seedlings consisted of articu­
lated vedsels formed from a numbere of separate cell •. 
Working with seedlings up to thirty-six days old, he fqund 
that well-developed laticiferous vessels, containing abun­
dant latex, were present in the cotyledons df the germin­
ating seeds, and tha.t these vea.sels were always produced 
on the phloem side of the bundles. The transverse walls 
of the original cells could be eRsily traced in different 
stages of absorption. and even at this early period numerous 
perforations of the lateral walls had occurred, thus estab­
Jishing communication between adjacent vessels and 
producing a complete anastomosing system of latioiferous 
tubes. He further found that the cortex of the seedlings 
contained a similar network of laticiferouB vessels which 
could be traced up to the youngest leaf at the &pex of • 
the stem but not into the apical cone. 

Miss Calvert t subsequently found that a smaIfnumber 
of laticiferous vessels &00 occur in the pith of Heve.. 
seedlings, and that the vessels of the pith and cortex com­
m.unicate with one another at the nodes. • 

Fitting :t has since confirmed the conclusions of Scott 
and Miss Calvert regarding the distribution of ~he latici­
ferollB vessels in Hevea seedlings, and has a.lso exa.mined 
trees frOm one to three years old. In the .latter he foun<l. 
a number of laticiferous vessels in the outer part of the 
pith and showed that these were mutually conneoted • 

.• J_ of r.-.. 8"""",,:ai. pp. J;66-70. 
t An....z. of BoIa"ll, L pp. 71>-7. 
1 ~ ..... 'l'rof><mpflm>ur. 1909. 
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He also observed that in th" green portions of the stem 
communications between the vessels of the pith and cortex 
occur at the nodes. 

Arens has also noted the occurrence of laticifero;'s 
vessels in the pith of H~vea trces. In a six-year-old troo 
which was 24 in. ill girth at 3 ft. from the ground, he 
found from 13 to 20 laticiferous vessels in the pith. 

The cortex of mature Hevea trees contains numerous 
laticiferous vessels which JIlIn in a longitudinal direction, 
i.e. parallel to the axis of the plant, and form a complex 
network by reason of their lateral communications. It 
is these vessels which .tre of interest to the rubber planter, 
and a general account of their development and distribu­
tion will be g~ven in the next chapter. 

The nature of the laticiferous tissue in the seedlings of 
Manihot Glaziovii,.thc Ceara rubber tree, was also in­
vestjgated by Scott * and afterwards by J\Iiss Calvert 
and L. Boodle. t These workers found that this species 
resembles Hooea b·rasiliensis in having articulated latici­
ferous vessels which occur both in the cortex and the 
pith of seedlings. The vessels in the cortex arc connected 
by numerous lateral passages, as in the case of Hevea .• 

Little information is available regarding the latici­
fcrous tissue of other rubber-yielding plants. It has 
been stated alrt'ady that the seedlings of Funtumia 
elastica and Castilloa elastica contain non-articulated 
laticiferous tubes formed by the growt.h of cells present 
in the embryo, but no obscrvations appear to have been 

• published as to the nature of the laticiferous. tissue in 
the cortex of the mature trees::: 

Charac'ters of Latex.-The latex is usually a white 
fluid, almost indistinguishable from milk in appearance; 
sometimes, however, it is cre-am or yellow in colour and 
ocoasionally Ilinkish or pale reddish-brown owing to 
the presence of colouring matter in the bark. Like milk, 
it is an ~mulsion, and consists essentially of a watery 
fluid containing various substanoos in solution and holding 
in suspension the minute globules of rubber sulfstance. 
These globules, which correspond to the fat globules of 

• QuorkTly Journal of M~l Science, %Xiv. pp. 194-204. 
t A"nal.t 0/ B_. i. pp. 55--62. 
t For iUl'ther infonnatWn on this subject see, however. L' Apporeil 

IGIioifUe des Ol.lOUlchoutieT8, by Dr. A. Meunier (Imprim.erie lnd~ -.. ;, ........ ii",': 4,1"" de Berlaimont, Bruxelles). 
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milk, usually exhibit viry rapid Brownian movement 
when a drop of the latex is examined with a microscopE 
under a high pOWer. The globules vary considerably in 
site in different latices, and even in the same latex th, 
range is often great, so that it is not surprising that the 
measurements recol"lled by different observers show wide 
variations. According to Seeligmanll, the globules of 
Para latex h,wc It mean diamet{lr of 0'0035 mm., whereas 
Henri found them 10 vary fmm 0'000.5 to 0'002 mm. 
Petch has examined the latex from the stem of a t.wentv­
three-year-old Pi1f!1 tree grown at Poradeniya in Ceylo'n, 
and according to his measurements the globules range 
from 0'0005 to 0'003 mm. in diameter, but he points out 
that many of them h,,,1 a distinct tail; he fj,l1"ther records 
that the latex from a green shoot of the same Para tree 
contained very minute granules, whioo were too small 
to measure with a Jl1"gnification of 600 diameters, jtnd 
a few globules about 0'001 mm. in diameter. Pctch 
also examined the latex of a Castilloa tree growing in 
Ceylon and found the globules to range from 0'0015 to 
0'003 mm. in diameter. He states that the .largest 
H~vea globules are the same sizc as the largest Castilloa 
globules, but that the average size of the Castilloa globules 
is greater than that of the Hevea globules. 

Fickendey found that the globules of Beven. bra8ilie1l8M 
latex varied from 0'0005 to 0'001 mm. in diameter, 
whilst those of Fwus elastica and Castilloa ela8tica ranged 
from 0'002 to 0'003 mm. 

Jumelle has recorded the following measurements for 
the globules in the latex of certain vines: Landolp!t.ia Per­
rieri, 0'0022 mm. (mean) ; Crypwsle{Jia madagascarie1l8is, 
0'0012 to 0'0023 mm.; and Xylinaharia Reynaudi, 0'002 
to 0'0025 mm.; whilst Lecomte fOUlld the globules of 
Landolphia owariensM latex to be 0'001 mm. in diameter. 

The specific gravity of latex is lISually a little below 
that of water, and a large number of detcrmin&t~ns have 
been recorded for different latices giving values ranging 
from 0'&56 to 0'997. The latex of CastiUoa elastica' 
appears, however, to have- a specific gravity slightly 
greater than that of water:. Collens records values of 
1'003 and 1'005 for two samples of tire fresh latex in 
Trinidad; whilst Kaye gives 1'0135 for a sample in Mexico. 
~utly. too, Bamber in Ceylon found thu.t,a. dmple ot 
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Para latex containing 32 per clnt. of caoutchouc had a 
specific gravity of 1'018 at 60 F. Beadle and Stevens 
examined a large number of specimens of Para latex from 
eight-year-old trees, and their results show specific gr_i­
ties ranging from 0'973 to 0'980 with 0. mean of 0'975; 
they also found specific gravities of 0'975, 0'974, and 0'975 
for three specimens of Rambong latex (Ficus elastica). 
Spence gives the specific gravity of a specimen of Funtumia 
elastica latex containing 'illy 20 per cent. of caoutchouc 
as O· 9989, and Fickcndey records a value of O' 988 at 
25° C. for the latex of this species. A sample of Landolphia 
owarie1l8is latex exaIiined at the Imperial Institute had 
a specific gravity of 0'956. 

Composition of Latex,--The latex as it exudes from 
the stem is tlsualJy slightly acid, but it may be neutral, 
or even faintly aijraline. 

In addition to the globules of rubber substance, latex 
always contains varying amounts of resin and protein, 
and the aq»eous liquid holds in solution various salts 
(organic and inorganic), free organic acids, carbohydrates, 
and other substances. The follOWing analyses of Para 
latex which have been recorded by Bamber and by Beadle 
and Stevens will indicate its general composition: • 

Wo.ter , 
Caoutchouo 
Resins . 
Protein , 
A.h , 
Suga.r ... 

Bamber. 

Pereant. 
55'15 
41'29 

2'18 
0'41 
(j'36 

PerOf'..nt. 
55'56 
32'00 
2'03 
2'03 
9'07· 

~le and Stcnn.. 

Percent·t 
70'00 
27'07 

1'22 
1'47 
0'24 

Pereent.t 
60'00 
35'62 

1'65 
2'03 
0'70 

Beadle and Stevens have also recorded the following 
analyses of ihe latices of Rambong (Ficus elastica) and 
Castilloa trees grown in the Malay Peninsula: 

Water 
C$.outchouo 
Resin , 
Protein 
AM 

Rambong, Caotilloa. 
Per cent.. Per<l8lli. 

59'5 
37'3 
2'4 
0'4 
0'''' 

.62'7 
31'2 
5'0 
0'2 
0'9 

• ~aI mtOtte<- t F_-~<l _, t Ten-yeu-old _, 
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A srunple of FunJumia" elastica latex from West Africa 
was found by Spence to have the following composition: 

Water 
Caoutchouc . . 
Resins (soluble in acetone) 

Per cent. 
76'20 
19'85 

2'00 
Organic crystalloids (sugars, organic 

acids, and certain nitJlOgenou8 com-
pounds) . 

Insoluble constituents (largely protein) . 
Protein (calculatrd from nitro~n 0'438) 
!llineral matter (ash) . 

1'39 
0'36 
2'73 
0'266 

Fickendey examined a sample of FunJumia elastica 
latex from the Cameroons and found it to have the follow­
ing composition: 

Water. 
Ash . . . • 
Lead acetate precipitate • 
Peptones 
Rubber 
Resin . 

• 
Per cent. 

47'68 
0'99 
1'98 
3'25 

40'72 
4'46 

The proportion of rubber present in latex varies con­
siderably in different plants and also in the same plant at 
different seasons aecording to the consistence of the • 
latex, which in its turn depends npon the supply df water. 
In the case of plants growing in districts which have a 
marked wet and dry season, the latex is usually thin 
and watery during the rainy period and then contains 
only a low percentage of rubber, whereas during the dry 
season it becomes very much thicker owing to too utilisa­
tion by the plant of the water of the latex, anit the pro­
portion .of rubber is correspondingly increased. Further,. 
the amount of rubber in 4tex is considerably atlected 
by the D1&IlUer and frequenc.v of tapping, It has been 
found that'if Pat"a trees are ieguIarlj ts.pped at frequent 
intervals the percentage of rubber in the Jatex is dimin­
ishea; whereas if longer intervals are aJlo!,edobetw_ 
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the tappings, the effect is mud" less marked. Thus, for 
example, Bamber and Lock in Ceylon found that the 
amount of rubber in the latex of Para trees tapped every 
day or every second day rapidly fell from 50 per ceIft;. 
to about 30 per cent.; if, however, an interval of four 
five, six, or seVen days was allowed between the tappings, 
the proportion of rubber did not faU much below 40 per 
cent. Beadle and Stevens have recorded that in the 
Federated Malay States ~ra trees seven to eight years 
old which were lightly tapped every other day furnished 
latex containing an aver11ge of 37' 5 per cent. of rubber, 
whereas the corresp01!ding figure for similar trees which 
were more heavily tapped at the Same intervals was only 
27' 5 per cent., In abnormal cases the latex of cultivated 
Para trees has been found to contain such a small per­
centage of rubber chat it could not be coagulated by t,he 
usu{tl methods, whiM, on the other hand, the latex of a 
thirty-year-old tree in Ceylon has furnished as much as 
64 per cent. 'of dry rubber. It will be seen, therefore, 
that very considerable variations occur. 

Christy determined the amount of dry rubber in a 
number of specimens of Funtumia latex obtained from 
forest trees in Uganda. In twenty-sbt trees the propor­
tion of dry rubber in the latex ranged from 24'4 to 46' 6 per 
cent., whilst two other trees were abnormal, the latex 
containing only S' 5 and II per cent. of dry rubber. 

Three specimens of the latex of Landolphia owar;e1l8ia 
examined at the Imperial InStitute were found to contain 
respectively 44'1, 44'S, and 51'3 per cent. of dry rubber. 

The most important constituents of latex other than 
the caoutchonc, so far as the preparation of rubber is 
CQIlcerned, are the resin and protein, since these sub­
stances are always included in the coagulated product. 
Some of the mineral matter of the latex is also inVariably 
present in crude rubber and occasionally small amounts 
of the ~rbohydrates in addition. 

RESIN.-The proportion of resin present in latex ia 
subject t<l very wide variation and the ratio of 'resin to 
caoutchouo largely determin8S the value of a latex as a 
source of commercial rubber. The following analyses, 
made at the Imperial Institute, will illustrate the varia­
tion which may occur in the composition of the product 
Db~.frtp different latices: 



('a.utcbouo 
J{osin • 
Protein • 
Ash 
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!:tubll<1rtl{ 
Fi..,tI VQ-1t~lt. 

iii 
I 

--------1----------------l'"r,,"'lIt, l'erl)l!'ut. l'et'ocw,i. 
96-5 52-3 0-7 
'-9 44" 92-8 
I~ 2~ O~ 
O~ I~ O~ 

It will be seen from these figures that the Para tree 
will furnish rubber t'Ontaining 00- 5 per cent. of caoutehouc 
and only 1-9 per cent_ of resin, whi6t at the other end 
of the scale the prodncts derived from the latex of certain 
species of Euphorbia may contain oonly 6- 7 per cent. of 
caoutchouc and 92-8 per cent. of resin. Betwoon these 
extremes every variation is possible, and. the analysis 
of the specimen of Ficus Vogelii rubber quoted above 
illustrates a case in which caoutchou~ and resin are in 
nearly equal proportions_ The presence of a large amount 
of resin adversely affects the phY8ical properties of' the 
ntbber, rendering it soft, weak, and inclined "to be sticky, 
whilst the products in which resin predominates do not 
usually exhibit the characteristic properties of rubber, 
bat are hard, inelastic, and more or less brittle. 

The amount of resin in latex varies not only in the 
different rubber-yielding plants, but also to a greater 
or less degree in the same species according to the age 
of the tree. In general it may be stated that the latex 
from the stem of a very young tree will be more resinous 
than that from a.n older tree, i_e. the amount of resin 
in the latex tends to diminish with the age of the tree. 
This variation in the composition of the latex, and con­
sequentlyof the rubber, due to the age of the tree,"is much 
more marked in the case of certain species than in others. 
Thus Weber obtained the following results in some ex­
perimenta with Castilloa trees in Central ~erica: 

P_tke of r..u. 
in'l-iibber. 

Roober from Castilloa tree 2 years old 42-33 
3 35'02 

." 4 26'47 
5 'I IS'lS 
7 11'59 

.. 
" .. .. 

8 '! ;1'21 
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It will be seen from these figUf"" that there is a gradual 
diminution in the proportion of resin from 42'3 to 7'2 
per cent, as the trees increase in age, 

TIle following figures, illustrating the same point in 
connection with Castilloa trees growing in Trinidad, have 
been published by the Department of Agriculture in 
that Colony: 

Castilloa trees 3 years old 
7. to 8 years old 

:: 15 'years ~ld 
• 

P6l'Centttge of resin 
in rubber. 

53'99 
28'60 
26'93 
27"09 
27'31 
13'42 
1l'37 

Analyses )hade at the Imperial Institute of a number 
of specimens of Castilloa rubber from Trinidad and 
Tobago have also shown a general diminution in the 
percentage of resin as the trees increase in age; but, 'as 
will be seen from the following figures, the rubber of older 
trees sometimes contains more resin than that from 
younger plants: 

" 71 
" 

Percentage of resin 
in rubb .... 

t¥l 
52'6 ' 
56'2 
49'3 
52'0 

12 " .. and over 
86'~ 

8'3 
13'8 
23'0 

over 12 years old • 
17 years old 

In the case of :Para trees, "however, the composition of 
the rubber is much Jess affeetoo. by the age of the treet!, 
_d ttte following anaIysea by Bamber of rubber derived 
. ",,, t 
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in Ceylon from Para tre.s varying from two to thirt y 
ye8.l'S old may be quoted : . 
-------F-:~:-!:-;:.-:-I-;;-~::-I ~~:: I'"'' 1'"' I so ,...:;, 

MOlSture . . II 0',0 I 0'65 0'55 D 85 I 0'20 I 050 
Ca.olltch()uc. • 191'20 9-1 ;,8 \ 94'79 II ~l4'OO I M 3[, \ 93'U 
Room. • • 3'UO 2721 2'jfj 2'06 ) 2'20 ' 2'32 
Protein • • 4'00 I 1 75 .. (H 1'75 2: 07 S'09 
Ash, , I (I'5Q (, 3<J I 0'40 0'14 I 0'22 I 0'2" 

.Prom these rcsults it would ap~ar that the rubber 
from two-your-old Para trees contains only about 1 per 
cent, more resin than that from the older trt>es, and that 
there is little variation in the proximate composition of the 
rubber obtained from trees of four yead and over, This 
latter conclusion is also supported by the following anal)'!!es 
made at the Imperial Institute of specimellt' of rubber 
from tJle .!<'ederated :aralay States which were prepared 
from Para trees aged four and a half, nine, and seventeen 
ye8;rs respectively: 

"i1eAri1. 1l}tl1Lnl. 17yPlm. 

------
Caoutchouc 94'18 9t'21 95'46 
Resin 2'73 2'67 1'59 
Protein 2'88 2'89 2'52 
Ash , 0'21 0'23 0'43 

. It must, however, be pointed out that altllougJ. Para 
rubber derived from young trees may have the same 
composition as the product from older trees, 88 deter­
mined by the present methods of proximate analysis, it is 
usually deficient in physiC&! properties, being soft and 
weak. As a general rale, therefore, it is not ad~bJe to 
tap very young specimens of any rubber-yielding plant, 

A furtller point in connection with the amount of resin 
in latex is that in m&ture trees tbe latex of the branches 
and twigs may contain more NSin than that of the trunk 
of the _ tree. This fset is illustrated by the following 
resnlts of experimente conducted by Weber on a Castilloa 
tree in Central .America : -
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Percentage of 
resin present. 

Rubber obtained from trunk 2'61 
largest branches 3' 71 
medium branches 4'88 
young branches 0' 86 
leaves 7'50 

In this tree, therefore,' the rubber prepareu from the 
trunk contained the lowest percentage of resin, and there 
was a gradual increase in the proportion of resin on 
passing upwards to the leaves, the prouuct from which 
contained nearly three times as much resin as that from 
the trunk. • 

Beadle and Stevens examined a specimen of rubber 
obtained from tM stalks of the leaves of a Para tree and 
found it to have the following composition: 

Caoutchouc 
Resin 
Protein. 
Ash 

Per cent. 

78'67 
7'12 

13'02 
1'19 

In this case also the product obtained from the leaves 
was much more resinous than the rubber prepared from 
the trunk of the tree. 

In connection with this point reference may be made 
to an experiment conducted by Burgess to determine 
the variation in the amount of resin in the rubber from 
different parts of a Para tree, Three specimens of 
rubber were prepared from the tree in the following 
manner: (1)' from a large root, (2) from the basal portion 
of the trunk up to 2 ft. from the ground; and (3) from 
the tnn)k at a height of 20 ft. It was found in this 
case that the proportion of resin was greatest in the 
rubber from the root and least in that obtaitled at a 
height of 20 ft. on the trunk. 

hoTEIN.-The nitroge:Qous substances present in 
latex and crude rubber are generally assumed to be 
profll)ins, and their amount is caIca1ated in the usual 
~. ~ 'to pementap of Jlitrogen. It is ememely 
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probable, bowc\'cr, that. other compowlds contrunillg 
nitrogen may also be present, 

The amount of protein in latex derived from different 
pla~ts, and in the rubber prepared therefrom, shows con­
siderable variation, "" in the case of the resin, The follow­
ing analyses made at the Imperiall nstitute will illustrate 
the variation in the proportion of protein present, in 
different crude rubbers: 

• 
[1,aTl<lj)tPIl"'il.4 "l<lQ{Phiil ! l' hb \ C hbe l"unt.uml .. 
IQ'D{Jrll"lln., llf.'Udl(('!III'lara ru er. Mr .. ru r. rubber. 

----" T-;::::! ~IM'L! Ha.ll.~ .. l"iICf't. j ::ihtUlt , J'i'C'IlILI &Tap. SIJ-lI('t. JU4CUJt 

c.outChoucT-;;;;:;-1 P3S i--;;';)'96'511 94'8/92'21;:;1;:;-;;; RC3m • I 5'6 5'9' 5'U I'U I'S 3'1 4'0 7'7 10'5 
Protein, 0'4 0'1 j 1'4 1'4 3'1 3;.1 21'4 1'7 0'3 
~~1_. ~_j_~~. 0'2,. 1'4 0'21 0'3 1lI 3'2 0'3 0'7 

These aualyses show that the amount of pr&tein present, 
in variousrub\:lcrs may vary from 0'1 per cent, in the case of 
a specimen of Landolphia H cudelotii sheet to no less than 
20'~ per cent. in a specimen of Cear .. scrap rubber. Ceara 
latex usually contnins a large proportion of protein, the 
bulk of which finds its way into the rubber if this is col­
lected in the form of scrap by the spontaneous ooagulation 
of tile latex on the stem, If, however, Ceara rubber is 
prepared in the form of biscuits by diluting the latex 
and allowing it to stand until coagulation takes place, a 
considerable amount of the protein remains behind in 
t1.>e Ji1;!vi,d TJw.1"JJhbl>J' pl't'p8J't'.d .in hi!lrnit, J)J' .!Ibt'J't. 
from the latices of certain species of Landolphia. fa note­
worthy in containing a very small amount of protein, 
much less in fact than is present in the finest plantation 
Para rubber. • 

CABBOHYDBATEs,-Small quantities of carbohydrates 
(inosite and its derivatives) have been isola!f<l from 
certain kinds of crude rubber from the Gaboon, Borneo, 
and Madagascar, the amount U!lually present not ex­
ceeding 0'5 per cent" Recently however, specimens of 
Para rubber prepared by th~ :Bra.zilian method at the 
Botanic Gardens, Singapore, were found. on' examination 
at the Imperial Institute to contain from 1'0 to 2'7 per 
Cl'nt, of a Bll.CCha.rine substance which WII.8 4dell..ified ~ 
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laevo-methylinosite. This subltance was fonnd to occur 
to the extent of O' 46 per cent. in the latex of the tree 
from which the rubber was obtained. Its presence in 
fine hard Para from Sonth America was also provp.d.·' 

MINERAL MATTER.-A portion of the mineral matter 
present in the latex invariably finds its way into the crude 
rubber and is left in the form of ash when the rubber is 
incinerated. The quantity of ash ·in plantation Para 
rubber does not usually txceed O' 5 per cent., whereas in 
the case of rubber prepared by natives, such as Landolphia 
balls, there may be ten times this amount or even more, 
owing to the admixuare of earthy impurities. According 
to Henriques, the bases usually preseut in the ash of 
rubber are lime, magnesia, alumina, and iron. Spence 
has recorded that the ash which he obtained from a 
sample of the latu of Funtumia elastica contained potas­
siupl, iron, calcium, and magnesium, which were present 
in the latex chiefly as phosphate, sulphate, and oxalate ; 
the total amount of ash was 0'266 per cent. on the latex 
and more than three-fourths of it consisted of soluble 
potassium salts. 

Function of Latex.-In concluding this chapter a brief 
summary may be given of the views which have .been 
advanced as to the fnnction of latex in the plant. In 
the first place it may be again noted that latex is not 
universally met with in plants, but is confined to certain 
orders only, so that it cannot be regarded as essential to 
plant life. Again laticiferous plants differ widely in 
character and in the conditions under which they grow, 
and as. we have already seen, some of them produce a. 
rubber-yielding latex whereas others do not. The latex 
is therefore very variable in composition, and it is possible 
that its function may not always be the same in every 
plant. . 

It has been suggested that the latex serves for the 
purpose;. of storing water for use by the plant during 
drought, and this may perhaps be true of those laticiferous 
plants which inhabit countries having a weB-marked 
dry 838BOU. Many laticiferous plants, however, are 
found in countries and sitnations where there is ~ys 
abundant moiature, and in. these eases it would appear 

• _ JlOol* by S. 8. 1'ickl ...... d 8. W. Whitfeild in ~. 
i>t·IItt. ~ }J0IJiII6, 1911. '""- _ p. M. 
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unnecessary for the phmt to secrete latex in order to 
have a reserve supply of water. 

J\nother suggestion is that the latex forms a reserve 
food-supply or that it serves t<> oonduct food-materials 
in the plant. In support of this viow it is pointed out 
that latex usually contains protein and carbohydrates, 
and that in certain cases it is known to contain a pro­
teolytic ferment capable of rendering the protein soluble 
so that it can be utilised as !bod by tho plant. 

Other views are that the latex serves for .the storage 
of waste products, the rubber being regarded in this case 
as a waste product, or that it forn!s a protection to the 
plant by sealing incisions made in their bark, thus pre­
venting the entry of insect or fungoid pest .. 

None of these views has, however, received general 
acceptance, and it is quite possible <that the primary 
function of latex may vary in different plants. 



THE TAPPING OF RUBBER PLANTS 

General Principies.-The latex of rubber plants is usually 
obtained by making incisions in the bark with a sharp 
instrument, 1r.he method of "incision," or by removing 
portions of the bark, the method of "excision." By 
either of these methods a number of the laticiferous 
vesj\els are opened and from these the latex exudes. Owing 
to the continuous nature of the vessels, and to their 
intercommm1ication in many cases, a single cut serves 
to drain the latex from a considerable area of bark. If, 
however, the latex is contained in isolated cells, it is not 
so easily obtained by tapping, and in the case of the 
GuayuIe plant, which exhibits this feature, the rubber 
is extracted by mechanical methods or by treatment 
with solvents. 

In order to understand the problems involved in the 
tapping of rubber trees, it will be advantageous in the 
first place to consider briefly tbe structure of the stem 
and the functions of the different parts. 

The ~tem of a mature tree may be divided int() the 
following parts: (I) the bark, (2) the wood, and (3) the 
pit,h, which, however, is usually obliterated in old trees. 

The bark 'I" thus understood is the portion which can 
be readily stripped off from the wood, and it includes 
not onlX the true bark, j.e. the external corky layers, 
but also. the tissue known as the cortex, which plays a 
very important part in the life-processes of the plant. 

, Between the cortex and the wood there is a single 
layer of actively dividing celli, known as the cambium, 
and the cells cut off from the cambium externally form 
additions to the cortex (the tissue thus produced being 

, known as bast), whilst those cut off internally give rise to 
Wood. .. thedlissues produced in this way from the cam-
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bium are known as sccOildary wood and secondary bltst, 
to distingui.h them from the primary wood and bast 
of the young shoot, which IIrc d('velop"d from tbe meris­
matic tissue situ:ltNI at t he growing point of the skm. 
The primary str-uetllre is ollly seen in the green portion of 
the 8t"lII within a short distance from the growing point; 
in the older portions secondary thickening will have 
commenced, and the formation of wood and baRt by the 
cambium, with the consl"quetl't, inercltse in the girth of 
the s\Rm, results sooner or later in the disorganisat ion 
of the ext{)rnal primary COl'tex. The" bark" of rubber 
trees when ready for tapping is e"ns<"quently composed 
of secondary cortex, and it is the latieiferous vessels 
developed in this tissue which are of practicoal importance 
to the rubber planter. 

In the secondary cortex the IaticifelKlus vessels run in 
1\ longitudinal direction, i.e. parallel to the axis of. the 
stem, and they Itre most numerous in the inner layers 
near the cambium, where thpy arc arranged in series 
of concentric rings encircling the stem. The generally 
accepted view of the origin of theso vessels is that, like 
the vessels of the wood a.nd the si(>vc-tubes of the bast, 
they are formed from rows of special cells produced by 
the cambium. The cells cut off from the cambium 
which are destined to develop into laticifcrous vessels 
are arranged in longitudinal rows, and at a very early 
stage the transverse walls dividing them are absorbed 
with the formation of a continuous tube which BOOn 
becomes filled with latex. According to this view, the" 
laticiferous vessels in the secor.dary cortex are woduced 
solely by the cambium, which is continually adding 
fresh layers to the inner side of the comx to replace 
the exhausted tissue of the ext,mlal Jaye{S. 

This opinion regarding the development of the latici­
ferous tissue is, however, contesW by Wright, who asserts 
that the vessels are formed de MOO in the cortU by the 
absorption of the walls of ordinary cortical cells. 

With"reference to the functions of the wood and eom~ 
it may be briefly slaW that the vessels of the wood 
serve to conduct an upward <CUTrent of water, containing 
various substances in solution, from the roots to the 
lea.v~, whilst the sieve-tubes of the comx conduct a 
downward current of liquid, containing ~~products 
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elaborated in the leaves, to all parts of the plaut, in· 
cluding the roots. The sieve-tubes of the cortex whicb 
serve as cbannels for the transmission of the food-pro­
duct" are quite distinct from the laticiferoUB vessels. ' 

It will be evident from the preceding account that 
when incisions are made in the bark of a rubber tree 
there is a possibility of causing damage to the cambium 
if the cut penetrates too deeply, and that whatever 
method of tapping is empl~yed, some interference with the 
transference of nutritive material in the plant will be 
caused. 

The laticiferous vC!flels are most numerous in the inner 
layers of the cortex, and it is therefore essential, in order 
to obtain a geod flow of latex, that the incisions should 
be sufficiently deep. On the other hand, care must be 
taken that the cuts do not unduly penetrate or cxpose 
the~ood, as this will injure the cambium and thus retard, 
or even prevent, the formation of the new tissue required 
to heal the wounds. 

It is, of course, impossible in practice to tap the inner 
layers of the cortex without occasionally penetrating 
to the wood, but with the exercise of Care the damage to 
the cambium can be reduced to a minimum and no per­
manent harm will result. If, however, a large area of 
wood is exposed by tapping, as is frequently the case in 
native methods, a portion of the cambium is destroyed 
and the new tissue required to cover the wound can only 
be formed by an ingrowth from the surrounding un-

, damaged cambium. In such cases the healing of the bark 
may no~ be complete, thus affording an entrance to insect 
and fungoid pests, or the considerable growth of new 
tissue required to repair the damage may result in the 
formation of ,excrescences on the stem which interfere 
with subsequent tappings. 

With plference to the possible effect of continued 
tapping 00 the diatribution of the food-supply in the plant 
it may be recalled that if a complete ring of bark of 

"Sufficient width be removed from a tree, the part below 
the inciSion is cut off from' the descending stream of 
nutritive material in the oortex, and that as soon as 
the :reserve food-supply stored in the plant below the 
incision is exhausted, the roots will be unable to obtain 
•. ~ nonrishment and the tree will ultimately 
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die. The effect of thus~' girdling" a tree represents the 
maximum interference with the vital f1111ctions of the 
plant which can be caused by tapping, but all incisions 
ntade in the bark will interrupt the transference of food­
substances in the pla.nt to a. greater or less degree, depend­
ing on the number, depth, and arrangement of the cuts. 
The question therefore arises as to the extent tQ which 
different tapping systems affect the vitality of the tree, 
and whether the continued u!e of al'Y lllatImd, adopted 
probably without any regard for physiological considera­
tions, is likely to cause permanent damage to the trees, or 
by depleting the food-supply interfere with the formation 
of fresh latex. This problem, which is of the highe"t, 
importance in connection with the mcthodBoto be adopted 
on rubber plantations, has been investigated, so far as 
Hevw. brasiliensis is concerned, by ProfiSSor Hans Fitting· 
in Java, and his results have attracted considerable atten-
tion amongst rubber planters. • 

Fitting's Researches.-It is not possible 'here to deal 
in detail with Fitting's work, but a brief summary of his 
experiments and conclusions may be given. He en­
deavoured to ascertain the probable effects of different 
methods of tapping on the vitality of Para trees by in­
vestigating their influence on the reserve food-supply 
stored in the tissues, He f01111d that the effcet of girdling 
Heves. trees was to cause an accumulation of reserve 
food-material (starch) above the w01111d, whereas below 
the wound the reserve supply of starch in the tissues 
was very quickly depleted in the case of young trees. 
and more slowly in older trees, the result in etch. case 
being that a deficiency of food-material occurred BOoner 
or later at the base of the tree. A similar effect was 
observed as the. result of making an oblique spiral incision 
extending over the entire circumference' of the stem, 
thereby interrupting the longitudinal course of the sieve­
tubes in the bark. In this case communicatio~ between 
the bark above and below the incision is possible in an 
oblique'direction, but this is apparently not snfficient. 
to convey an adequate supply of fresh food-material from 
above to the base of the tree. In a further experiment 
the half-herringbone system of tap~ with six lateral 
cUts. Was employed, a.nd the t&pped area. only extended 

• B.tIufI< _~. 11108.\ • 
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over one-fourth of the circumference. Aft<lr tapping 
for five months, by means of the Bowman-Northway 
parer or the parer and pricker alternately, the distribu­
tion of starch in the stem was determined. It was fomid 
that no starch or reducing sugar was present in the zone 
of bark within 2 in. of the top or sides of the uppermost 
inei,ion, but that above this area the bark and wood 
contained abundant starch; that no starch or reducing 
sugar occurred in the st~ps of bark between the in­
ci"ions, although starch was present in the wood below; 
that starch could not be detected in the bark within a 
distance of 6 in. belvw the lowest cut; and that no 
starch or sugar was present in the renewed bark on the 
incisions nor ii1 the outer layers of the wood below. In 
all other parts of the stem there was an abundant supply 
of starch. This ll1f)thod of tapping has therefore only a 
local influence on the distribution of food-materials in 
the stem, and is not likely to affect adversely the vitaJit,y 
of the tree. • 

From the results of his experiments Fitting concluded 
that, in the case of young trees especially, the full spiral 
method of tapping cannot be recommended, nor indeed 
any other system in which the incisions cover practically 
the whole of the circumference of the stem without leaving 
continuous vertical strips of untapped bark, sufficiently 
wide to maintain the necessary connection between the 
crown and the base of the tree. He suggest<ld that 
the safest and most rational plan would be to divide the 

• tappable surface of the st<lm into four verHcal sections, 
and to tap each of these in rotation by the half- or full­
herringbone system, each section serving for a year's 
tapping. In the second year the quarter opposite to the 
first would be tapped, and then the others in rotation. 
In this way four years would elapse before it waS necessary 
to tap the renewed bark on the first quarter, and sufficient 
connectiQ,g strips of untapped original or renewed bark 
would always be maintained to carry on the vital functions 

oCf the plant. In the case of large troos the stem' can be 
divided into eight vertical seetions and the two opposite 
sections tapped simultaneollSly in rotation. 

Fitting also drew attention to the advisability of 
allowing the trees to rest between successive tapping 
jleriOlls" Aj.. 0!Jler that the reserve food-supply, which will 
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have been depleted mor .. or less by the previous tapping, 
may be replenished, as otherwise each successive tapping 
period will leave the reserve food-supply more and more 
ex'hausted with the possibility of injury to the tree or 
deterioration in the quality of the latex. He further 
expressed the opinion that all inkrvld of rc"t during a 
tapping period would in many caso" be beneficial to t.he 
trees. Another point which he considered of import .. llce 
was that it will be inadvc,,,"le to tap renewed bark 
until it has regained its normal condition 8.8 evidenced 
by the presence of starch in the cells. 

Tllis work of Fitting has BcrVl'd to emphasise the 
ne~'Cssity of considering thc probable physiological effect.s 
of the continued use of any system of tapping before 
advocating its adoption on a large scale, and some of 
the points which he raised, such liS. the necessity for 
periods of rest for the trees, may become of consider~ble 
importance when planb,tion trees have been tapped 
sufficiently long for the full effects of "the tapping 
system employed to become apparent. lIfr. E. Bateson, 
Assistant Mycologist in the Federated Malay States, 
has been conducting further experiments, on the lines 
suggested by Professor Fitting, on the depletion of the 
food-reserves of Para trees by tapping and the effect upon 
the vitality of the trees. It is stated that the research 
has brought some interesting facts to light which it is 
expected will have a direct bearing on many questions 
connected with tapping, but tho detailed results have 
not yet been published. * 

The plan of dividing t.he stem into four or more. vertical 
sections and tapping these in rotation has been widely 
adopted on plantations, and is now tho most general 
method of tapping Para trees. This systelll, it may be 
mentioned, had been advocated by Ridley, and in a 
modified form by Wright, before the results of Fitting's 
experiments were published, in order to ensure lhat the 
renewed bark should not be tapped until four years 
old. • 

Tapping SJStems.-A brief review of the principal 
methods employed in tappin8 rubber trees may now be 

.. B_ 01 Di_or ol.ll",,>'cuUu ... , F<deroUd Malov Statu, for 1911 
awl 1~:lI. _ also pal"'" by Dr. S. V. Simon in 1).,. 'l'mpenpfla,...,., 
llJl3. pp: 63, 119, and 181. • 
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given, reserving a morc detailed account until dealing 
with the particular plants to which they are specially 
applicable. 

Rubber is usually prepared by tapping the stems 'of 
the living plants and subsequently coagUlating the latex 
thus obtained. In certain ca,.es, however, the ntltives of 
parts of Africa and America frequently fell the trees or 
cut down the vines in order to obtain the rubber. Thw 
plan is employed in prep!ring the rubber of Funtumm 
elastica in parts of West Africa, and very. commonly 
throughout Central Africa for obtaining the rubber from 
Landolphia and otherevincs; it is also generally adopted 
by the natives in the Amazon valley for preparing the 
rubber of Gasttlloa Ule;. After felling the trees, the natives 
either extract the latex by making numerous circular 
incisions cxtendin~ right round the trunk, or they allow 
the .bark to dry, then strip it from the stem and prepare 
the rubber from it by a process of beating. The stems of 
the vines are' usually cut into short lengths and the latex 
allowed to drain out, a further quantity of rubber being 
obtained in some cases by beating the dried bark. This 
method of felling the trees is very destructive and speedily 
leads to their extermination. 

Turning to the tapping processes, there are a large 
number of different methodS of making the incisions. 
In SOme cases, as already mentioned, incisions are made 
in the bark by means of a sharp iust.rurnent, and no bark 
is cut out (the method of "incision"); whilst in other 
processes portions of the bark are removed in forming 
~he cuts.(the method of "excision "}. Examples of native 
incision methods are seen in the tapping of H _ lJrasi-. 
1ien8is by means of a small axe with a very short cutting 
ldge, and of. Gastilloa elastica by means of & machete. 
~o.tive excision methods, on the other hand, are illustrated 
by the tiWping of Funtumm elastica by means of a native 
~ouge, aad by the remova.l of large slices of bark from 
I'.andolphia vinea. 

As thl' Iaticiferous vessels run longitudinally in the 
lOrtex, it is evident that a trAnsverse (ho!izontal) incision 
will open many __ ~ than a longitudinal (VIll'ticaI) 
Jut. A horizontal mcision ill. however, not well adapted 
i(.- tIMi oolltlction of the ~ as it does nQt form a cbannel 
~.,~.the . .IateJ; can lIow,. ~ JIlBnlt of llIIin's 
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horizontal incisions is tl1o>t tho latex exudes from tho 
cuts and then runs down the stem, and the method is 
chietly employed in t hose cases where the latex coa.gulat.,s 
spohtaneously and quickly on exposure to air. In 
practice the incisions are usually made obliquely to the 
axis of the stem at angles of from 45° to 60° with the 
horizontal; the latex rUns down the channel thus formed 
and its collection is greatly facilita.ted. In some cases 
vertical incisions have been emp~yed for tapping purposes, 
and frequently a llumber of oblique incisions are COll­
nected by a verHcal channel which serves to collect the 
latex from all of them. • 

The principal systems of tapping may be grouped under 
the follOWing heads: (I) singlo oblique llllJisions; (2) 
V incisions; (3) basal V or Y incisioll8; (4) herring­
bone incisiollll (half or fnU); (5) spiraloincisions (half or 
full); (6) horizontal lllcisions; and (7) vertical incisiolls. 

(1) Si11{lZe Oblique Inci8ions.-In this system a number 
of oblique incisions, varymg in length accot'Uing to the 
circnmference of the stem, and also in the distance apart, 
are made one above the other in a vertical row on the 
stem. A cup to receive the latex has to be fixed at the 
base of each cut (see fig. I, p. 67). 

SometiJues the cuts are made to overlap illstead of 
beiJlg m the same vertical line, 80 that the latex from 
the top cnt, having reached the lower end of the mcision, 
runs down the stem mto the mcision below, and so on. 
Only a smgle cup at the base of the lowest cut is then 
required to collect the latex. 

(2) V bwisiona.-This type of mcision is mage by 
comhining two oblique cuts 80 as to form a V. The size 
of the V's may vary cOIll!iderably, the side cuts ranging 
from 1 to 12 m. or more m length. Usually the V's 
are arranged m vertical rows on the stem to' a height of 
IJ ft. or more, and fresh V's are subsequently made at the 
side of the previous row. = 

Cups have to be fixed .. t the base of each V. 811 m the 
_ of tlfe siJlgle oblique cuts, but only one cup is re­
quired for two cuts, instead of one for each (see fig. II, 
p.67). 

The yield from a V cut is usua.lly a little-leas than from 
two' fJell&l"&te obliqUe incisions of the 5lmlll size. 

(&)·BaaIl V or Y Jmisiona.-This systeJahas been 
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adopted for young plantation, Para trees which have 
only attaincd a sufficient size for tapping at the ba,*, 
of the stem. Either an ordinary V incision, or a Y, 
which is a V with a vertical channel below, is madE! at 
the base of the stem. 

(4) Herringbone /ncisions.-This system consists of a 
series of single oblique incisions joined together at their 
lower ends by a vertical conducting channel for the latex. 
If the lateral incisions arl.c all on one side of the vertical 
channel (see fig. IV, p. 67) it is called the half-herringbone 
system, whilst if they are on both sides (see fig. V, p. 67) 
it is the full- or doubk-herringbone system. In the latter 
case it is better to make t he lateral cuts on opposite 
sides of the ucrtical channel alternately, as in the figure, 
and not at the same level, so as to avoid the formation 
of a large wound at the junction of the three cuts. A 
single cup placed at the base of the vert.ical channel collects 
the latex from all the incisions. 

(5) Spiral Incisian8.-A full spiral incision is a long 
oblique cut which completely encircles the stem one or 
more times according to the angle at which it is made. 
Sometimes two or more spirals are cut on a large tree. 
Only a single cup is required at the base of each incision 
(see fig. VI, p. 67). The full spiral system is not usually 
employed now on plantations. If the cuts are shorter 
and do not encircle the entire stem, the system is spoken 
of as the half spiral, and simply consists of a series of 
elongated oblique cuts which each require a collecting 
cup to be affixed at their lower end. 

(6) .f;lorizonta.! Incisio7t8.-This system is usually only 
employed in those cases in which the latex is aJ]owed to 
coagulate on the stem. In tapping the Ceara tree, for 
example, a large number of small horizontal incisions are 
often made by stabbing the Bt-em with the end of..a thin 
knife about 1 in. in width. 

(7) Voertieal Incisions.-Long vertical incisions (see fig. 
III, p. 67) have been used for tapping Funtumia ela8tica 
trees in West Africa and ha va given very fair 'yields of 
latex. Recently Bamber ·has suggested a method of 
tapping Hevea trees by Dleans of vertical incisions. 

B.eo)lelliDg tile Incisi.oDa.-In ooncluding this stUllllla1Y 
• of the di&rent tapping systems,. mention must be made 
uf ~~~ of reopening the incisions which has been 
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adopted in certain cases, notably in tapping Heves. trees. 
It has been found that if the" initial incisions made in 
tapping Heve .. trees are reopened, either by cutting off a 
thin shaving of bark from the lower edge of the incil!ion 
or by means of a pricking instrument, a further How of 
latex occurs, and that the process may be repeated every 
day or every alterna te day for long periOds. This response 
to repeated tapping is one of the characteristic features 
of Hevea bra&iliefl8is and, forms one of its great advan­
tages for plantation purposes. The Ceara tree someti.lIles 
shows .a~ similar response when growing under suitable 
conditions. In other trees, however, such as Funtumia 
elastica, the whole of"the available latex can be obtained 
at the first tapping and no further yield results on re­
opening the' cuts. Additional details regarding this 
method are given in the chapter specially devoted to the 
Para tree. " 



CHAPTER VI 

THE PREPARATION Oli' BUBBEB 

CoagaJation of the Latu.-In order ~ obtain rubber from 
latex, it is necessary tQ induce the oha.nge known as 
coagulation. Wh';;;' coagulation takes pla~ the oaout­
ohouo globules present in the latex coalesoe to form a 
white clot of soft porous rubber whici sepa.rates from 
the liquid and rises to the surface, leaving the serum 
perfectly clear if the process is complete. In the case 
of some latices an intermediate stage can be'obtained in 
which the rubber globules sepa.rate from the liquid without 
coalescing, and rise to the surface as a "cream," which 
can be again diffused through the liquid on shaking. 
This behaviour, which is termed" creaming," is, however, 
not general, and is only shown by certain latices, such 
as that of Oll8lilka ela&lica. If the creamed globules 
are sepa.rated from the liquid and submitted to pressure 
or allowed to dry, they coalesce to form .. mass of rubber 
similar to that obtained by direct coagulation. 

The exact n&ture of the change which takes place during 
the coagniation process is not fully understood, but the 
most reasonable hypothesis appears to be that some alter­
ation occurs in the substance composing the globules of 
the latex. It seems probable that the globules do not 
consist of solid particles of rubber, but of a'liquid sub­
stance, and that when coagulation occurs this liquid 
undergoes polymerisation or condensation with the ~uo­
tion of solid rubber (see Dunstan, Bvll. Imp. Ift6t., 1V. 323). 
, A careful study of the physical changes which take 

place during the coagniation flf latex has been made by 
Victor Henri, who has obtaineQ very interesting results. 
He has found, for example, that when acet}.c acid is added 
to Para late;z: in insufticient amount to produce c0agula­
tion, the Brownian movetnent of the glolrokw is aImos\ 
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completely arrested so as to.be hardly perceptible. If 
more acid be added, the globules commence to unite and 
form files of greater or less length, which then join up to 
produce It fine network of rubber. The particular form 
which this network assumes varies with the coagulant used, 
and in Henri's opinion the strength of the rubber is largely 
influenced by the structure of the clot and hence by the 
method of coagulation employed. A number of investi­
gators have published ~..,sults which support the view 
that the method of preparation has considerable effect on 
the strength of the rubber; but it seems impossible that 
the physical propeuties of the vulcanised product can 
depend on the structure of the crude rubber, as this 
must be entirely destroyed in the mixing which precedes 
vulcanisation. 

Methocls of Cooguiation.-Coagulation can be brought 
a~otlt in very many ways, which, however, are not all 
of universal application. A method which will readiJy 
coagulate {be latex from one plant may have no effect 
whatever upon that from another, so that the process 
employed must always be adapted to the particular latex 
which is being treated. 

The principal methods of inducing coagulation, which 
are of practical importance, are given in the following 
account: 

(1) Spontaneous Ooaguin.tion.-8ome latices undergo 
spontaneous coagulation on exposure to the air for longer 
or shorter periods. The latex of many Landolphia vines, 
and frequently that of the Ceara tree, does not flow freely 
from .the incisions and coagulation quickly occurs upon 
the stem, films of rubber being formed which are subse­
quently stripped off 8Jld made either into balls or loose 
"scrap." fi 

Other latices which flow more freely from the plant so 
that they can be collected in bulk also coagulate spon­
taneo~y more or less completely on standing. NatiVe!! 
frequently pour latex into holes in the ground, or into a 
hollow tree, or into vessels, and leave it to stand until 
coaguJation takes place. "In those cases, however, in 
which the coaguJation,d""s not occur mpidly the protein 
constituents of the latex ,are liable to undergo deoom­
poeition, with the result that the rubber acquires a very 
~llodour. 
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(2) Dilution 0/ the Lat"" with Wat<'r and aUQwi"9 it to 
Bland.-This method can be conveniently used for tho 
preparation of C.,ara rubber if tbe lat<'x fiowa 8uflicientJy 
fredy to be collectoo in bulk.' The lat .. x is simply diluted 
with water and aUowoo to stand for twenty-four houl'll 
or 80, until coagulation occurs. -

In the case of somo latice. dilution wit,h water often 
retards coagulation indefinitely. 

(3) Dilution of /h,e La/c:t with Water and ., Creami'I1J."­
This process is specially applicable to Castilloa latex, 
which creams very readilv. The latex is diluted with 
water and is allOl;ed to ';land until. tho "cream," con­
sisting of the rubber globules, rise" to the surface. The 
liquid is run off a8 completely as possible frolll the cream, 
which is then washed byshaking it up with a fresh quantity 
of Water and allowed to separat" as beli>re. This treat­
ment may be repeatoo several times if desired. Tpe 
cream i. afterwards converted into solid rubber by 
pressure, by centrifugalising, or by allowin~ it to dry 
on wire or calico frames. 

(4) Centrifugal 31 etluxls.-In some CaseS the latex can 
be quickly and conveniently coagulat.,(l by spinning it 
in a centrifugal machine. This mcthod is chiefly appli~r 
able to those latices which cream readily, such as Castilloa 
latex. Special forms of centrifugal machines have been 
introduced for treating rubber latex. 

(5) Action of Heat.-A large number of latices are 
coagulated by the applics.tioll of heat, some requiring' 
to be ouly gently warmed whilst others have to be boiloo 
before the chlUlge occurs. Whenever heat is employed 
to bring about coagulation, great care should be taken to 
avoid overheating the rubber, as if this OOCU1'8 the product 
becomes permanently sticky and depreciated in value. Ii 
direct heat be used it is advisable to dilute the latex 
with water, especially if it .is at all thick, and to keep 
it well stirred during the heating; the rubber ~y be 
removed from the liquid in small portions as it separates, 
and the 'hooting continued until the milkiness of the 
liquid has disapperu:cd. Oth\lr methods of preventing 
overheating which are sometillles applicable are (1) to 
immerse the vessel containing the latex in boiling water; 
(2) to llOIll" the undiluted latex slowly into a large quantity 
of boiling water; or (3) to pass steam into th. latex. 
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In the Amawn valley the _tives coagula.t<l the Ia.tex 
of the Pa.ra. tree by exposing it in thin layers to the smoke 
given off by burning pa.lm-nuts. The coagula.tion of the 
latex is probably effected pa.rtly by the heat and p3rtly 
by the action of the acetic acid present in the smoke (see 
below). 

The natives of some pa.rts of Africa obta.in a simila.r 
result by spreading Landolphia latex over their a.rms and 
chest, when it quickly codgulates, forming a film of rubber 
which is then stripped off. 

(6) Action of Reagent8.-The coagulation of latex can 
be brought about. by a la.rge number of chemical 
agents, and it will only be pOBBible to notice here the 
methods which a.re in common use for the prepa.ration 
of rubber. 

Acids.-Many.latices coagulate almost immediately 
o~ the addition of small quantities of mineral or organic 
acids. The spontaneous coagulation which frequently 
occurs wherllatex is allowed to stand is often due to the 
acidity which develops in the latex. Organic acids a.re 
generally preferable to mineraJ acids for the preparation 
of rubber, and acetic, citric, and tannic acids are chiefly 
used for the purpose. The latex obtained from cultivated 
Para trees in the East is coagulated almost entirely by 
the addition of small quantities of acetic acid; formic 
acid and hydrofluoric acid . (purub) are a1so used. In 
Africa many Landolphia latices are coagulated by means 
of the acid juices of fruits or by acid infusions made from 
species of Costus, Hibiscus, and Tama.rindus. The latex 
of Fuj1tumia elaslic4 is not affected by the addition of 
acetic or citric acid, but it may be quickly and conveniently 
coagulated by mean. of a hot solution of tannic acid. A 
hot infusion of the leaves of Bauhinia reticulata, which 
conta.in tazUuc acid (tannin), is employed in pa.rts of 
west Africa as 8. coagulant for Funtumia latex. 

SaU6:-Many salts, such as sodium chloride (common 
salt), alum, cream of ta.rta.r, mercUric chloride (COIl'OSive 

• sublimate), sodium sulphate, and magnesium lmlphate, 
elfect the ooaguIation of latex. A solution of salt is used 
by the natives in Africa. te ooaguIate the Iatex of species 
of La.n.d.olphia; alum is o/lmmcnly adopted in South 
~ for the preparation of the rubher 0( H~ 

-.~;. •• we&m of ta.rta.r bas been used. for preparing 
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J Para rubber in Ceylon; Ind mercuric chloride for coagu­
lating Funtumia latex. 

<Uk&line liquids, such as a solution of soap or wood 
ashes, are sometimes employed for coagulating certain 
latices. In some parts of Central Amerioo the natives 
employ a solution of soap for preparing Castilloa rubber. 

Aloohol and Metene readily and completely coagulate 
latex, but their u.se for the PvrJ>0S6 is restrioted to the 
laboratory. -

The special applications of these general methods of 
coagulation to the latex of particular plants will be dealt 
with.in succeeding chapters. • 

Mechanical Methods of Preparing Rubber.-In many 
parts of Africa the natives prepare rubbe" by beating 
the bark of the underground stems (rhizomes) of certain 
species of Landolphia and Ciitandra, 0' of the stems and 
roots of rubber vines. The stems or roots are first allowed 
to dry thoroughly, in order that the latex lJIay be com­
pletely coagulated. The bark is then stripped off and 
submitted to a beating process, whereby a portion of 
the bark is eliminated and the threads of rubber become 
aggregated into a mass. The crude product thus obtained 
is well washed to remove the loose fragments of bark, 
and after being softened by immersion in hot water it is 
again beaten, the treatment being repeated until the 
rubber is sufficiently free from vegetable matter (see 
p. 195). Rubber prepared in this way is generally 
classed as "root rubber." 

Machines have been constructed on a similar principle 
for the extraction of rubber from bark by medha.nioal 
mea.ns, and also for the preparation of rubber from the 
Guayule plant. 

Eztraction of Rubber by SoIvenlL-This method is 
principally employed at the present time for the extrac­
tion of rubber from the Gnayule plant, in which ~e latex 
occurs in isolated cells and can therefore not be &btained 
by tapping. The dried plants are crushed and then 
treated with & suitable solvetit which removes the 1'Ilbber. 
The greater part of the solvent is afterwards recovered 
by d.istilIation and the 1'IlbilJ obtained hi purified. 

Forms ill which Rubber ilI.Plepazed.-Fieshly coagulated 
robiN"; is & white, opaque, parollB _ wl!ich Jw.IdB & 

~ quantity of the aeram of the "latex in ita 
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cavities. It is at first quite soff and can be readily torn, 
but if allowed to stand for some time or if submitted to 

, pressure in order to squeeze out the contained liquid its 
tenacity increases and it assumes the well-known physical 
properties of rubber. On drying, rubber becomes trans­
lucent and develops more or less colour, the commercia.! 
product varying from a very pale straw colour to black. 
The development of the cQlour appears to be due to tbe 
action of oxidising enzymes present in the latex. 

The form in which rubber is prepared by natives varies 
widely according to the botanical source and the country 
of origin. Thus Parlt rubber from South America comes 
on the market in large, rounded masses, which have a 
strong smoky" odour; Funtulllis. rubber fl'om Africa and 
CastWoa. .rubber from Central America are prepared in 
the form of cakes ~r lumps which are often of considerable 
size>; the !.andolph;a rubbers, again, are commonly made 
into ba.!ls of various sizes, or into spindle-shaped or 
sausage-shaped pieces, or into small cubes (see Plate I). 
Most of the commercia.! rubbers prepared by namves have 
distinctive for.ms which do not vary. 

On plantations U,e rubber is usually prepared either 
in the form of "biscuits" or sheet, or, by means of 
maehinery, as sheet or crepe. The manufacture of 
biscuits is a convenient method when only small amounts 
of rubber are being obtained daily; but when larger 
quantities ha.vo to be doa.Jt wit.h, ilie use of machinery 
becomes esselltiaJ. 

The first step is to strain the latex, diluted with water 
if nece!sary, in order to remove all solid impurities. 
This is accomplished by passing it through sieves of fine 
wire gauze or cloth, or by means of a centrifuga.! strainer. 
In the manumcture of biscuits or sheet a definite quantity 
of the strained latex is poured into shallow enamelled 
vessels (.which may be round, square, or rectangular) and 
the requisite amount of a ooagnlant i.s added if necessary ; 
the latex is then allowed to stand until coagulation has 

• occurred and the cake of rujlber is found floating on the 
liquid. The rubber is lifted from the liquid, placed 
upon a sloping table and p~88ed, at first with the hands 
and finally with a. wooden reller, in order to remove the 
water as cOJllpletely as possible. The cakes are then 
~ witli va.ter and placed upon sloping tables to 
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drain; whilst still 80ft <th~y are usually branded with 
the name of the estate. They arc finally transferred to 
the drying· chamber, where they are spread out on open 
shelves formed of wire or wooden laWce, or they are 
hung up on wires until tlwy an' perfectly dry. The 
thin circular cakes obtained in this way are Imown as 
.. biscuits," whilst the square or rectan~ular cakes are 
termed" sheets." This method of prepamHon is specially 
suitable for Para and Ceara ruther. 

When large quantities of latex bave to be dealt with, 
however, the production of biscuits is rendered impoSl!ible 
owing to the enormous amount of .abour involved, and 
machinery is now generally employed. The strained 
latex is coagulated in bulk in large tanks b1 the addition 
of a suitable reagent, and the freshly coagulated rubber 
is at once rolled out into sheets by m""ns of a washing­
machine similar to those employed in rubber factoJ;ies. 
This machine consists essentially of two hOfizontal steel 
rollers which rotate at equal or different speeds and can 
be Bet at varying distances apart. The rollers are some­
times smooth, but are more generally grooved in order to 
give a grip on the rubber. A stream of hot or cold water 
passes between the rollers whilst the rubber is being 
treated, and thus submits it to a thorough washing. The 
rubher is passed through the machine several times, the 
distance between the rollers being gradually reduced 
until a sheet of the required thickness is obtained. If 
the rollers are not grooved, smooth sheet is obtained; 
if the rollers are· grooved and rotate at nearly equal • 
speeds, sheets showing the pattern of the rollers are 
produced; whilst if the rollers are grooved and rotate 
at unequal speeds, the rubber is subject<ld to a stretching 
or tearing action whilst being rolled Qut and is converted 
into the corrugated sheet known as cr<!pe." The advan­
tages of the use of machinery are that large qtl3\ltities of 
rubber can be quickly prepared in a form which permits 
of rapi<l drying and that the rubber is thoroughly washed 
in the proceSl!. • 

The crepe rubber, after drYing, is sometimes converted 
into blocks by SUbmitting it to pressure in steel moulds . 

. l>l7bIc of Bubber.-Fteshly prepal'eQ rubber always 
cont..iJls " considerable amount of water, the-bulk of which 
sJ!01l!!l ~ ~oved before shipment if the "rubber is to 
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remain in good condition, In "Borne cases in which the 
rubber is prepared in the form of lump by natives no 
attempt is made to get rid of the water included in the 
mass of freshly coagulated rubber, with the result that 
the Jumps remain very porous and have their cavities 
filled with the serum of the latex; such rubber reaches the 
market in a very moist condition and is extremely liable 
to deteriorate during transit, In certain instances, how­
ever, the natives cut th~ lumps of freshly coagulated 
rubber into thin strips which are suspended in the roof 
of a hut, with or without a fire below, and when dry 
the strips are rolled oup into balls or masses of different 
shapes. 

In the case of the balls of Landolphia rubber, which 
are formed by winding together the thin films of freshly 
coagulated rubberofrom the incisions, the drying is some­
tim4ls facilitated by cutting the balls open. If this is 
not done, th" rubber in the interior of the ball remains 
white and opaque, whereas the outer layers become 
reddish-brown and translucent. 

Sometimes the requisite amount of drying is obtained 
by the method of preparation adopted, as in the ease of 
the smoking process used for Para rubber in South 
America. 

No definite rule can be laid down as to the amount 
of moisture which may be left in rubber, a.s the per­
centage varies very considerably in different forms. In 
the case of fine hard Para rubber from South America, 

• prepared by the smoking process, which has an antiseptic 
action, ihe amount of moisture ranges from 10 to 20 per 
cent., whereas plantation Para is usually placed upon 
the market in an almost dry condition, containing, as a 
rule, less tha.I\ 1 per cent. of moisture. In all cases, how­
ever, the rubber should be dried sufficiently to preserve 
it from qaterioration during transit, as if packed in a too 
moist COIldition it will develop mould and become dis-
coloured and injured in appearance. • 

• It is of the utmost importance that rubber should not 
be exposed to direct sunlight br to too high a temperature 
durillg the drying process, a8 either of these condifione is 
liatKe to _ the rubber to become sticky. On plant&-
1iioDa epeeW~-sheds. from wJUoh sunlight is eltoluded, 
_i~ ~ In _ oases these 00IJ!Iist 

~,'~, ~.f':;Y!>·-:\~'-!."· , _' 
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merely of well-ventilate« sheds, so arranged as to e.lford 
a free circulation of air over the rubber. In others a 
current of dey air, or of hot air at a temperature of 90' 
to 100· F., is employed to facilitate the dxying, and the 
circulation is maintained by means of a fan. Vacuum 
'driers similar to those used in rubber factories are &Iso 
employed. 

SmokiIIg of Rubber.-Recently large qU&Iltities of plan­
tation Para rubber, prepared· in sheets, have been sub­
jected to a process of smoking after coagulation. There 
is a general impression amongst planters that tho smoking 
improves the strength of the ru~r, and it is a fact 
that, as a rule, smoked sheet realises the highest prices 
at the sales of plantation rubber. The smo«ing is usually 
effected in the drying-chamber, either by p&ssing in smoke 
from a fire placed outside, or by having a fire, suitably 
enclosed, on the floor of the chamber. The sm04e is 
obtained by burning hard wood, coconut husks, palm 
husks, a.nd other similar substances. • 

This method of smoking sheet rubber after coagulation 
is entirely different from the process employed in Brazil 
for the preparation of fine hard Para, in which the latex 
is exposed, in thin films, to the action of the smoke. 
Ma.chines have, however, been designed for use on 
plantations which enable the Brazilian process to be 
imitated. and interesting experiments with these are in 
prngress. 

Tackinesa of Rubber.-The chief defect which is liable 
to occur in prepared rubber is the development of the. 
soft, sticky condition known as "tackiness." It llaa been 
aJready pointed out that rubber will become sticky if 
exposed to sunlight sr to too high a temperature during 
its preparation or subsequentJy; and many ~ of tacki­
ness &re, no doubt, due to these ca.uses. In other in­
stanees, however, ca.refully prepit,red specimens of rubber, 
which have not been over-heated or eXposed to:suuJight. 
become tacky, either as a whole or only in parts, and the 
Muses· of this change are very obscure. It has beeno 
suggested that the effect is"produced by bacteria, and in 
SIlpport of this view it is pointed o1J1; that contact with 
a,.piece of tacky rubber will indaee t6ekineea in sound 
mb"=. The evidence which has been adduced to prove 
~ €h6. change is due to baeteriaJ aotjod is, llowever, 
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not, very convincing, and in certain caReS a bacteriological 
examination of tacky rubber has given negative results, 

Another suggestion, similar to the above, is that tacki­
ness is produced by the action of certain enzymes, whilst, 
other views are that the method of preparation and the 
coagulant employed may predispose the rubber to become 
tacky, The development of stickiness in rubber, other 
than that produced by heat or sunlight, is, however, 
occasional rather than genha.], and it is difficult to ex­
plain why one of two pieces of rnbber prepared in exactly 
the same way should develop tackiness whiL.! the other 
remains sound, or wlw one portion of a sample should 
be affected and another not, 

In certain c,,"es apparently the development of tackiness 
is not associated with any change in the chemical com­
position of the rub8er, as will be seen from the following 
analyses by Bamber: 

( SOllnd. I Tacky. I Tacky. j Very tacky. 

-----1------------
~:s,uro : I g:~~ g:~~ g:~ g:~: 
Resin 'I 2'36 2'32 2'66 3'70 
Protein . . 3'50 3'85 3'50 4'90 
Caoutchouo ,93'46 93'19 93'24 90'24 

In these specimens the sound and tacky rubbors were 
practically identical in composition, whilst the "very 

• tacky" rubber only contained about 1 per cent, more 
resin ami protein than the others, 

On the other hand, an examination made at the Imperial 
Institute of the sound and tacky portions of a specimen 
of crepe rubb"r from the Federated l\ia.lay States showed 
that the sound portion contained only 2' 9 per cent, of 
resin (acetone extract), whilst the tacky portion contained 
no less t~n 8'2 per cent, In this case, therefore, the 
development of tackiness was associated with a large 
mcrease in the amount of resin, No evidenoe 'of the 
presence of volatile or fixed oit in the acetone extract from 
the tacky portion could beo obtained, but it was found 
to oontain a considerable q1lal1-tity of free acids of resino", .. 
nature. 
. It 1MB, b!>eo1' stated that it is the rubber obtained from 



TACKL"lESS OF RUDBER 79 

the tirst tappings of a. Para trl'C which is inclined to 
become tacky, but on the other hand t·he reverse is the 
case in the Tubber obtained from forest trees of Sapiutn 
Jenmani in British Guiana. The rubber from the first 
tapping of these Sapium trees is usually of excellent 
quality, whereas that from the succeeding tappings 
steadily deteriorates in physical properties and finally 
becomes a soft sticky mass. 

It will be evident from th~se facts that the question 
of tackiness in rubber is by no means simple, and it seems 
probable that the condition lllay arise from it variety 
of different causps. 



CHAPTER VII 

THE OHEMIS"rRY OF RUBBER 

Composition of Crude Rubber.-Commcrcial rubber con­
sists essentially of ,. hydrocarbon (caoutchouc), the 
true rubber substance, together with varying amounts 
of resinous alld protein substances, mineral matter, and 
moisture. Small quantities of carbohydrates also occur 
in certain rubbers. 

The rubber collected from wild plants by natives 
usually contains in addition more or less vegetable 
matter, in the form of fragments of bark, etc., and 
sometimes mineral impurities as well. In badly prepared 
specimens the amounts of these impurities are often very 
considerable. 

Properties of Rubber.-In its purest form, rubber is a 
pract.ically colourles.s,...highly elastic solid, which accord­
ing to Weber has a specific gravity of 0'911 at 17° C. It is 
insoluble in water, but absorbs about one-fourth of its 
weight of the liquid, swelling considerably. Alcohol and 

, acetone dissolve the resins from crude rubber, but are 
• without solvent action on the hydrocarbon, which, how­

ever, a~rbs them-as in the case of water, and swells. 
Rubber may be dissolved by carbon disulphide, chloro­
form, benzene and its homologues, petroleum spirit and 
turpentine, and usually to a. greater or less extent by 
ether. When rubber is treated with one of these solvents, 
it swells up, forming a gelatinous mass which slowly 
dissolves: and yields a. viscous solution; rubber. thus 
behaves as a. colloid substance. On dissolving crude 

.rubber a. quantity of an insoluble O(Instituent a&en re-
mains I!D8p6nded in the elution, varying in amount 
aooording to the variety "rubber. This constituent 
was formerly termed "insoluble caoutchouc" on the 
~umption tha.t it is a hydrocarbon like the soluble 
~;b"gt.~yses made by Weber ~howed that the 
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insoluble substance contains a considerable amount of 
oxygen. More recently ~pence has demonstrated tha.t 
a la.rge proportion of nitrogen is present in the insolu· 
ble constituent, and he regards the la.tter as consisting 
mainly of protein. 

Rubber slowly absorb.. oxygen on continued exposure 
to the air with the formation of a brittle resinous substance 
which is known as Spiller's resin, from the name of its 
fIrst investigator. • 

Action of Heat on RUbber.-When rubber is heated at 
temperatures above 100° C. it soften.. and becomes sticky, 
the effect increasing with rise of temperature, and it 
afterwards retains these charactel'il oJ! cooling. If heated 
to a higher temperature, it melts to form a .,dark brown 
liquid, which on further heating (above 160° C.) undergoes 
decomposition with the production of a mixture of liquid 
bydrocarbons. The liquid thus obtabd is a good 
solvent for rubber. • 

The dest.ruotive distilla.tion of rubber, with the pro­
duction of this mixture of hydrocarbons, was 'first carried 
out by Barnard in 1833, and since that date the products 
of the reaction havo been carefully investigated by a 
number of chemists. From the liquid obtained by con­
ducting the distilla.tion .. t the ord,inary pressure, the 
following hydrocarbons have been isola.ted: 

IlKYfRene (C,H" boiling-point 37°-38° C.), which was 
first separated and examined by Greville Williams in 1860. 

Dipentene (C,.H", boiling-point 180°_181° C.) was fu:st 
obtained in 1835 by Himly, who called it c&outchine, 
and wo.s afterwards examined by Greville W~. In 
1879 a hydrocarbon (di-isoprene), possessing simila.r char­
acters to caontchine, was obtained by Bourcha.rdat by 
heating isoprene in a sealed tube, .. nd la.ter We.Jla.ch 
showed tha.t this hydrocarbon and caontbhine were 
identical with dipentene. 

Harries has separated two other hydrocarbons frOm the 
dipentene fraction of the distilla.te, one boiling a.£ 147°-
150· C. Mld the other at 168°-169° C. 

H_.-nourchardat gave.this na.me to a.n oil which 
he separated from the fracti~ of the distilla.te boiling 
above 200° C., but it has never been carefnl!y investigated. 

It may be mentioned tha.t Fischer a.nd Harries ha.ve 
found r.hat if the distillation of rubbe.r be conI1uoted in a 
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vacuum, the chief products are high-boiling hydrocarbons 
(boiling-point 180° to 300°C. in'vacuo), and that only small 
quant.ities of isoprene and dipentene are formed. It 
would appear, therefore, that the isoprene and dipentene 
obtained when the distillation is conducted at the ordinary 
pressure are the result of secondary decompositions. 

If strongly cooled, rubber loses its elasticity and 
becomes hard and brittle, but it regains its normal 
characters on warming. 

Chemical Reactions 01 Caoutchouc.-Caoutchouc is not 
affected by aqueous or alcoholic solutions of the alkalis. 

Hydrochloric arid combines with the hydrocarbon 
under certain cond'ttiOlls to form addition compounds; 
by passing !;llOist hydrochloric acid gas into a solution of 
rubber at the ordinary temperature 'Veber obtained a 
product of the empirical formula C"H"CI,. Hydro­
bromic acid excr!.s a similar action, but is not so energetic 
as hydroehloric acid. Strong nitric acid readily attacks 
rubber witk the production of a yellow colour, and Dit­
mar, who has carefully studied this reaction, has shown 
that a definite product is obtained which he has identified 
as a dinitro-monobasic acid, prob!1bly dinitro-hydrocumio 
acid. 

With the halogens (chlorine, bromine, and iodine) 
caoutchouc forms addition products, some snbstitution 
frequently occurring at the same time. The best known of 
the addition compounds is the tetrabromide (C"HlIBr,); 
this compound is prepared by slowly adding bromine 
t{l a well-cooled solution of caoutchouc in chloroform until 
the bromine is present in excess, and then pouring the 
liquid" into alcohol when the tetrabromide separates in 
the f{lrm {If white flakes. 

By passing nitrous fumes, ohtained by the action of. 
nitric acid 'on arsenious oxide, into a solution of rubber 
in Jight petroleum, Harries succeeded in isolating three 
different compounds, according to the conditions of the 
experiment. To these products he gave the name nitro­
sit"". A similar substance was also obtained "by Weber 
on pa.'lSing dry nitrogen nioxide gas int{l a solution of 
rubber in benzene. Th.!l formation of these nitrosites 
has been recommended as a method for the direct estima­
tion of caoutchouc. 

Ilarries tb811 shown that caoutchouc combines with 
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ozone forming .. substaIil'<l belonging to the group of 
compounds which he has termed ozonides. A study of 
the decomposition products of this caoutchouc ozonide 
has thrown an int<lresting light on the question of tha 
constitution of the hydrocarbon. 

VulC8llisation.-The vulcanisation of rubber may bo 
effected by dipping it in melted sulphur, by heating a 
mixture of rubber and sulphur, by treating rubber with 
.. solution of sulphur monochlbride, or by exposing it 
to the vapour of sulphur monochloride. In the secoud 
method the rubber is mixed with a certain proportion 
of sulphur, varying in practice froli 4 to 40 per cent., 
according to the class of product required, and is then 
heated at a temperature usually ranging kom 125· to 
150· C. Only a portion of the sulphur actually combines 
with the rubber, the excess remaining ~ the vulcanised 
product as free sulphur. In this process the combill&tion 
of the sulphur with the rubber is greatly facilitated "by 
the presence of certain substa.nces, such "as litharge, 
slaked lime or magnesia. 

In vulcanising by means of sulphur chloride the rubber 
is treated with a solution of this reagent in benzene, 
containing from l' 5 to 3 per cent. of sulphur chloride, 
or in special cases the rubber is exposed to the vapour. 

Experiments conducted by Weber led him to the 
conclusion that vnlcanisation is brought about by .. 
chemical change, the caoutchouc combining with the 
sulphur or sulphur chloride to form addition compounds 
such as C,.H"S,CI,. ?>Iore recently, however, it has • 
boon suggested by Wolfgang Ostwald that the tafing up 
of sulphur or sulphur chloride by rubber is more probably 
.. case of colloidal adsorption than of chemical ohange. 
The discussion as to wbich of these views best represent. 
the known facts is still proooeding and it fs recognised 
that .. combination of both actions may be involved.. 

Constitution 01 C&ouIchouc.-The hydrocarboIf caout­
chouc has the empirical formula c,.R .. , being th~ similar 
in com1'>Osition to oil of turpentine .. nd other terpenes, • 
but at present its molecular weight is unknown &jld con­
sequently its molecular form1Jla can only be expressed 
as (C..Hu).. It is o.n optically-inactive, unsatumted 
hydrocarbon, each CuR .. group contaiUing two unsatu­
ratea linJmges and therefore capable of forming additioD 

7 
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products such as the tetrab~mide C,oH,.Br.. Many 
attempts have been made to devise a constitutional 
formula for the ClOH,. group in caoutchouc which shall 
agree with all the known facts regarding its chemical 
behaviour and its close relation to isoprene and the ter­
penes. Harries, as the result of his work on the ozonide 
which he ohtained from caoutchouc, has suggested that 
the C,.H" group in caoutchouc is a derivative of an 
eight-carbon ring compotL..d, viz. dimethylcyclooctadiene. 
Other Buggestions regarding the constitution of caoutchouc 
have been based on the fact that isoprene and the allied 
hydrocarbons containing two conjugated double linkages 
readily polymerise with the formation of rubber-like sub­
stances. This change may, however, take place in several 
different ways, and it is therefore impossible to draw 
definite conclusio'!ls as to the constitution of the resulting 
product. 

The constitution of caoutchouc, therefore, remains an 
open questiO., at the present time, though much informa.­
tion which will be of value in determining the matter 
is being gradually accumulated. 

Synthetic Rubber.-The possibility of manufacturing 
rubber synthetically by chemical means has attracted 
much attention during the last few years, but it will only 
be possible here to give a very brief statement regarding 
the present position of the problem. In the first place 
it may be pointed out that what is called "synthetio 
rubber" is actually rubber, identical with or closely 
resembling natural caoutchouc in composition, physical 
properties, and behaviour, but produced chemically, and 
that it 'must not be coufused with the group of products 
known as "rubber substitutes." 

The preparation of rubber synthetically on a com­
mercial scale'has been a possibility, or even a probability, 
since it was first recorded by Bonrchardat and Tilden, in 
1879 and 1882 respectively, that the bydrocarbon is0-
prene, CoRs, polymerises under certain conditions to 

(form a rubber-like 8uheta.noe. Tilden in particnlar 
showed that the product tOOs obtained behaved exactly 
like n&tural rubber and, could be vulcanised. These 
discoveries were the eta.rting-point of the subsequent 
attempts to prepare synthetic rubber, and the early 

· .. It iI!. ~ with the subject was devoted to 
- - ,1' 

<::.J'\".:,·F'*, ',4 
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devising methods for (~ the production of isoprene 
cheaply. a.nd (2) the conversion of the isoprene into rubber. 
Subsequently it was found tha.t other hydro<',a,rbona Buch 
as butadienc' (C.H.) a.nd diisopropellyl (CoHlo). which 
contain two conjugated double linkages like isoprene. 
also polymerise in the Bame way with the production of 
rubber-like products, and butadi~ne and its derivatives 
have recently been Mopted instead of isoprene in many 
proocsses for the production ot-synthe~ic rubber. 

The rubbers obtained by the polymerL-mtion of the two 
hydrocarbons isoprene and butadione will not be identical, 
but they will be closely related (Bossibly homologue.). 
and they appear to possess very :UUilar physical pro­
perties. The butadiene rubber may, thorefoN, prove to be 
as suitable for technical purposes a.s the isoprene rubber 
although differing somewhat from it in"composition. bu1 
this point will require to be demonstrated by actua 
trials. • 

A very large number of patent.q have be&!. ta.ken oul 
during the la.st few years for methods of preparing syn. 
thetic rubber, and it is quite impossible to deal with th~ 
subject in detail. The principal recent workers haVI 
been Professor C. Harries of Berlin. who ha.s publilihElt 
a number of very valuable papers on the subject., tb~ 
chemists of the Baeyer Farbeniabrik at Elberfeld. th. 
Badische Anilin und Soda Fabrik, and 'Messrs. Scherint 
in Germany, whilst in this country the group of chemis~ 
asaociated with the Synthetic Products Company. Ltd. 
have been prominent. 

The credit of first producing synthetic ru4ber iJ 
quantity belongs to the Baeyer Farbenfabrik at Elberfeld 
where sufficient of the product was obtained to maw 
two complete sets of motor tyros as well as numerow 
manufactured articles. It was stated at the Internationa 
O>ngresa of Applied Chemistry held a.t New York in 1911 
that one set of these tyres had run over lO,OOtI miles 
Xhe proooss used at Elberfeld for the preparation 0 
synthetIc rubber was worked out by Dr. F. Hofma.nn 
and oonsis1<! of t.he protiuction of isoprene iron 
p-cresoI. a coal-tar distilla.tiQll product, a.nd the sub 
sequent conversion of the isoprene ..into rubber b~ 
means of hea.t or by the a.ddition of ccrtam substa.ncc 
such aalPolbumen, blood senun, starch, and gtycerin. Tb 
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firm has recently .patented a method in which a piece 
of the polymerised rubber is used to bring about the 
polymerisation of a further quantity of isoprene or 
butadiene. 

The group of English chemists already referred to has 
worked out three possible processes for the preparstion 
of isoprene or butadiene: (I) the production of isoprene 
from isoamyl alcohol, a process whieh will only be of value 
if a cheap method of ma'nufacturing isoamyl alcohol is 
discovered; (2) the production of butadiene from butyl 
alcohol, the latter being stated to be obtainable at a price 
probably not exceed,ing £40 to £45 per ton by a new 
fermentation process discovered by Professor Fernbach ; 
and (3) the oonversion of ordinary alcohol into aldehyde, 
aldol, and finally butadiene. In addition Dr. Matthews 
discovered the imrortant fact that metallic sodinm brings 
abo.ut the polymerisation of isoprene and butadiene 
almost quantitatively at the ordinary temperature, a 
point which ':Harries also discovered independently. 

The present position of synthetic rubber may be summed 
up as follows: 

The production of rubber synthetically by chemical 
means has been successfully accomplished, but it is still 
doubtful whether synthetic rubber could be manufactured 
at a price which would enable it to compete with the 
natural product, especially in view of the gradual fall in 
the price of rubber which is likely to take place in the 
future as the result of the increasing production from the 
plantations. At the prescnt time, therefore, it would 
appear that natural rubber is not likely to be displaced 
by the synthetic product, but it must always be borne in 
mind that the situation may be materially altered by 
the results of.~he chemical researeh work which is actively 
proceeding in many different quarters with a view to 
cheapening the cost of manufactnring the synthetio 
material~ 

AnaIysjs of Crude Rubber.-In the analysis of crude 
rubber the following determinations are usually m·Bde ; 

(1) Loss on washing. 
(2) Ash. 
(3) Resin. 
(4) ProteiD. 
{Ci}.~-
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The determinations o' the ash, resin, protein, and 
caoutchouc arc usually dOllO on the dry washed rubber. 

(1) Loss on IVa8hinll.-The" loss on ,,""hing" includNI 
(a) the moisture pr~s~nt in th~ crude rubher; (b) the solid 
impurities; and (e) any substanc~s soluhl" in waler. 

A weighed quantity of th~ rubher is treated in a 
rubber-washing machine until any impurities pres~nt 
are removed and it is converted into thin crep". The 
crepe rubber is dried. at first. fn the air and finally in a 
vacuous desiccator. The ditT~rm1('e betwe~n the final 
wdght of the dry rubber and the original weight is tho 
h loss on wlt::ihing." 

The amount of moisture present i~' ihe original sample 
may be determined if desired (I) by heatiJlg a weighed 
quantity of the ruhber in !!UCila until it ceases te 
lose weight; or (2) by heating the rujlber in a. current 
of hydrogen or ca.rbon dioxide and weighing the watet 
giv~n off. • 

(2) Ash.-A weighed quantit.y of the waslled rubber is 
incinerated and the residne is heated in a muffle furnace 
until all the carbon disappea.rs. 

(3) Resin.--A weighed quantity of the washed crepe 
rubber, cut into fine shreds, is thoroughly extracted with 
acetone in a Soxhlet apparatus. The acetone is then 
distilled off from a weighed flask, and the flask with the 
residue is dried in a Vacuous desiccator until of constant 
weight. The portion soluble in acetone is returned as 
resin. 

Glacial acetic acid is sometimes used as a solvent for 
the resin in place of acetone. • 

(4,) Pralein.-The amount of nitrogen is determined 
by Kjeldahl's method, and the result multiplied by 6'25 
to represent protein. This assumes that all the nitrogenous 
substances present in rubber are protein, whtch, however, 
is improbable. 

(6) CaoutdIoue.-The percenta.ge of caoutehouf in the 
dry w"fhed rubber is usua.lly obtained by clliI'erence­
viz. 100 minus the StUn of the percentages of ash, resin, 
and protein. • 

The determination of the OBOutchouc by clliI'erence is 
not sati8factory, but at present there is no method of 
direct'. estima.tion which can be used 8ueOO88fully. Pro­
paea.Js Itl.ve bei>Il made to deterJnjne tJ.II> cIoutohDuc by 
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separating it as the tctrabromide or a.s nitrosite, and 
methods for these purposes have been devised by a number 
of chemists. It is, however, difficult to obtain concordant 
results with these methods, and they have in consequence 
been generally abandoned so far as the examination of 
raw rubber is concerned. 

Another drawback to the present method of analysing 
crude rubber is that rubbers of very different quality often 
give similar figures on an~y8is. For example, it has been 
already pointed out that rubber from very young Para 
trees in Ceylon is npparently identical in composition 
with that from tho ,older trees, the percentages of resin 
and caoutchouc heing practically the same in each case. 
'l'he rubber ·from the yOIIDg trees is, however, 'usually 
much weaker than that from the older trees, and it would 
seem that this diil"erence ill strength must be due to some 
dilJerence in tho caoutchouc, which is not revealed by the 
present methods of analysis. Until some progress can 
he made in this direction it will not be possible to corre­
late the results of the chemical analysis with the physical 
properties of the rubber. 

VisCOsity of Rubber Solutions.-It is well known that 88 

a general rule the best qualities of rubber furnish the 
most viscous solutions, and it was suggested by Axelrod * 
and subsequently by Sehidrowitz and Goldsbrough t 
that the viscosities of the solutions might he used to 
measure the strength or "nerve" of the crude rubbers. 
For the purpose of the determinations Schidrowitz and 
Goldsbrough recommend dilute solutions of rubber (0'25 
to 1'5 per cent.) in thiophene-free benzene, and they deter­
mine the viseesities in an Ostwald viscosimeter at a 
temperature of 20° C. The comparative viscosities are 
measured by the rate of flow of the solutions compared 
with that of henzene in the same apparatus. At least 
three determinations are made with solutions containing 
approxiinate1y 0"25, O' 5, and 1'0 per cent. of rubber, and 
the results are plotted as 8 curve .. Schidrowitz has :uroPosed 
to express the viscosity by a number obtained by drawing 
a tangent to the eurve at Ii. concentration of I per cent. 
and taking the value of this tangent on 8 standard scale • 

• . ~~. 1905. voL no.<: p. 1053, vol. """ p. 10li. 
t J,~ .. ~ '" CJ~ IftduWy, 1009, p. 3; .... d Rr4b<r. 
""'~~~ {London: )foM1_ &; Co., Ld.). 
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A considerable amount«>f work on these lines has been 
conducted by several investigatots,· but although inter­
esting results have been obtained, it has boon found 
that the classification of crude rubbers according to the 
viscosities of their solutions does not always agree with 
that based on the tensile tests of the vulcanised rubbers. 
Schidrowitz considers that so far as the rubber of one 
particular species is concerned, the order of the viscosity 
figures can be accepted as an '"indication of the relative 
strengths of different specimens, but he admits tha.t this 
conclusion does not hold good for rubbers derived from 
different species. It therefore ~pears doubtful at 
present whether the viscosity mettiod will prove to be 
of general application, although it may be useful in 
dealing with anyone variety of rubber. 

It has been found by Schidrowitz ~at the Viscosity 
of rubber solutions is affected by the temperature at 
which the determination is made; that the effect' of 
heating the solution is sometimes to in~ and some­
times to diminish the viscosity; that. the removal of the 
resin from rubber usually increases the viscosity; and 
that with rubber from the same species the method of 
coagulation has considerable influence on the viscosity. 

JrtechaDica1 Testing 01 RUbber.-In view of the fact that 
the technical value of rubber depends on the pbysical 
properties of the vulcanised product, considerable atten­
tion has been devoted reoently to the mechanical testing 
of vulcanised rubber as a means of accurately determining 
the comparative Jluslities of different specimens. The, 
suggest.ion 1nla JJI!In made tha.t the crude rubber" might 
be submitted to mechanical tests, but it would be ex­
ceedingly difficult in most cases to obtain suitable homo­
geneous test pieces, and, moreover, it would have to be 
shown that the results thus obtained from the crude 
rubbers held good for the vulcanised products. The 
plan of making the testa on the vulca.ni8ed ru~beJ: has 
therefore been generally adopted. 

The "tests usually made involve the determination of. 
(1) the tensile strength; (~the resistance to compres­
sion; (3) the resistance to aBrasion; (4) the hardness; 
and (6) the resiliency • 

• p", p"p"" by J. G. Fo! in l'M 1_ J'_'-. _ ft, 
til. April ~ 1#, Ulla. 
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Only a brief notice of this ~ortant subject is possible 
here, and for further details reference should be made to 
the literature on the subject.* 

Ternsiie TeJJt8.-A number of machines have been 
devised for determining the tensile properties of rubber, 
One of the best known of which is the Schopper machine. 
Another useful machine is that of Schwartz, which is 
specially designed for making hysteresis tests on strip 
rubber. , 

The tensile tests include the determination of the 
breaking-strain and the elongation at the breaking-point; 
the elongation with intermediate loads; the elongatioru 
with fixed load; thlloads required for fixed elongation; 
the amount pf sUbpermanent set either after elongation 
to a constant limit or under a fixed load; the behavioUI 
on repeated elonliations, etc. 

A most important point in connection wit·h these test, 
is ~he form of the test piece. .Kxperiments made by 
Memmler h4ve shown that the rod form of test piece 
with thickened ends is not satisfactory in many cases, 
especially with rubbers exhibiting good elasticity; il 
gripped sufficiently tightly to prevent slipping it fre­
quently breaks near one of the jaws. The ring form 
is much better; but stationary rings do not give con­
stant results, and the best method appears to be that 
adopted in the Schopper machine-viz. a ring of standard 
dimensions which is eveuly rotated during the application 
of tension. 

CompreJJsion Test8.-These tests can be made by an 
ordinruz testing macnine, or by means of a special macbine 
designoo. by Professor Martens in which cylindrical pieces 
of rubber, from the same or different mixings, can be 
subjected to varying pressures and the extent of the com­
pressions ret.d off on a scale. The effect of !'Created 
compressions is usually also determined. 

Abraaion Tesl8.-These are usually made by holding 
the spe<funens against a revolving emery or carborundum 
wheel by means of a constant weight or p~. or by 

• making balls or rings of the rubber to revolve between 
met-allic discs or rollers wipch are pressed together by a 
constant weight. The loss of weight after a fixed number 

• s...D..-KouueAue ufI!l ...... l'ri't,,"iII>TH~n ... (l ~ 
-(If. H'ael. ~). 
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of revolutions at consta,.t 10f1.d indicates the difference 
in the resistance to abrasion of the different pieces. 

Hardnu8 T"'ls.-The hardness is meMured by the in­
dentation produced by a steel ball prossed on to a disc of 
the rubber by a constant weight; or by the load required 
to produce a gi"e!1 indentation. 

Ruilience.-This is mee.sured by the height of rebound 
of a steel ball after dropping from a fixed height on to a 
disc of the rubber, or by meiJlls of It pendulum-impact 
tester, one arm of which carrie. a piece of the rubber to 
be tested. 

Thers is no doubt that the mechanical testing of rubber 
on these lines will furnish very imp8rtant data, not only 
for the manufacturer but also for the planter, py indicating 
the methods of prepa.ratioll which produce the highest 
quality of rubber. 



CHAPTER VIII 

STATISTICS OF CONSUMPTION AND PRICES 

PARTICULARS of the production of rubber in the principal 
countries of origin have been given in Chapter I., and in 
concluding this general St!ction of the book it, is proposed 
t() give some statistics regarding the consnmption of 
rubber in the principal manufacturing countries, and the 
market values of th; different grades of rubber. 

Countries of Consmnption.-The principal countries which 
use rubber for manufacturing purposes are the United 
Kingdom, the United States, Germany, and Frauce. 

The imports of.rubber into the United Kingdom have 
ste,!'dily increased from 23,324 tons in 1901 to no less than 
'5,298 tons (out of an estimated world's production of 
85,000 tons)'l.n 1911, and 55,024 tons (out of an estimated 
world's supply of 96,000 tons) in 1912. A considerable 
part of this rubber is re-exported to other countries, but 
the amount retained for home consumption has increased 
from 8,634 tons in 1901 to 20,454 tons in 1910, 16,736 
tons in 1911, and 18,726 tons in 1912. The following table 
shows (1) the total imports of rubber into the United 
Kingdom, (2) the exports, and (3) the amount retained 
for home consumption, for each year since 1901 : 

UNITED KINGDOM 
IxPoBTB AND EnOB'l'8 OJ' RAW Rt1BBEB 

Total imports. E%poriB. Retained tot" home 
C'lllSumption. 

T .... T .... T .... 
1901 .. 23,324 14,690 8,634 
1902 20,009 14,688 6,381 
1903 24,306 16,812 7,493 I_ .. 24,802 14,918 9,_ 
1905 -. 29,672 16,726 12,947 
1906 30,360 16,613 13,837 
1901 33,366 17.461 16.914 
1905 28.763 17,928 10,821 I_ . 35.003· 19,896 15,107 
1911) 43,84& 23,384 9O,4J14. 
IBll . 45,298 28.683 16.738 
1012 . 55.0ll4 36,!l1S 18.726 
191 • 70,287 46,OH U,216 . ' • 

,;,- ,,~ - 91 
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The corresponding fil!ures (or the United States, 
Gennany, and France since 1906 are given in the following 
tables. The figures for France, it may 00 noted, include 
both ruboor and gutta percha. 

UNITED STATES 

lJa'ORTS AND EXPORTS 01' RAW RUBBO • 
y"" ToWirnporl!!, ExporfB. J\.nWned 'OT' home 

(to Jone SO). D'lrullttnptlon. 

'rou".. Ton.'~. To", 

1906 25.823 11710 2U13 
1907 34.359 1,882 32.477 
lOOR 27,783 1,835 25,948 
1909 39,446 1,693 37,753 
1910 45,109 2,899 42.210 
1911 40,980 2,50, ~8,4.76 
1912 55,557 2,593 52,004 . 

GERMANY 

lKPo" ... J.2fI> Expo",," OF RUB""" (RA" J.2fI> Puamm>) 

ToQ\lhnporta. ,,_. Retained. tor home 
OOllSttmPti01l. -u Metric tons. )fetrle toM, M~triet.oDl. 

1907 • • • 15,808 4,783 11,045 
1908 • • • 14,741 4,370 10,371 
1909 • • , 15,500 4,066 1I,~84 
1910 • • • 18,705 4,930 13,775 
1911 • • • 19,948 4,667 15,281 
1912 • • , 20,586 4,943 15,643 

I 

FRANOI!l' 

I TotaiinqlorOl. 
_ . 

~forh(IIU ............ 
~etrie tooa. lletrlet4lU. ......._. 

I_ · . t 12,373 . 7,649 4,52' 
1997 · . , 12,678 7.521 5,161 
I- · 

~ I 
10,919 6,798 4,IlIi 

11109 13,393 9,1171 4,322 
1910 17,302 13,503 • 3,798 
1911 18,106 12,708 5,398 

• 
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It will be seen from these figllres that a very large pro­
portion of the raw rubber produced annually is utilised for 
manufacturing purposes by the three countries the United 
States, the United Kingdom, and Germany, During the 
four yearB, IO(l9 to 1912, the United Statcs took about 
half thc world's estimated supply of raw rubber, whilst 
the share of the United Kingdom was from one-fourth 
to one-fifth of the total, and that of Germany slightly 
less. • 

KubLer Markets,-Thc principal markets for raw 
rubber are London and Liverpool in the United Kingdom, 
New York in the United States, Hamburg in Germany, 
Antwerp in BelgiUlh, Havre and Bordeaux in France, 
and Lisbon in Portugal. The following table shows the 
imports of rubber at these different ports irrespective of 
its dqstination: .' 

1906. 1001, J~ 1908. 1909. 1910. 1911. 

United Kingdom : 
23,526122,329 Liverpool, tons 22,461 24,304 28,647 24,077 

London. tons 4,563 4,617 4,107 6,898 11,199 16,011 

U"iled SlaW : 
New York. tone 24,337 32,156125,722 36,375 39,874 36,914 

Germany: 
Hamburg, metrio tons 16,455 16,803 a,U6 15,561 19,089 r 9,873 

Belgiu." : 
Antwerp.· metrio tons 5,772 5,054 5,035 4,686 4,059 4,336 

Franu: 
Hs\'Te# metric tong 4,392 4,464 3,498 3,781 

4'
458

1
4

'008 Bordeaux, metria tons 1,716 1,616 1,078 1,988 2,326 1,833 
Portugal : 

Lisbon, metric tOllB 2,334 2.628 2,441 3,036 3,424 2,739 

Th" (our principal markets for raw rubber are, there­
fore, New York, Liverpool, Hamburg, and LondoJ\, The 

• rapid rise in the amount of rubber received at London 
during the l&llt four years i's due to the largely increased 
production of plantation' Para rubber in Malaya and 
Ceylon, which is chieHy marketed in London. 

_ • .. nubbllr iD tAom "Pi mclu4e4. 
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Market Valnes.-Fine htu-d Para rubber from Sout.h 
America forms the market standard of value, and duriJ18 
the last few years its price has fluctuated very widely. 
From 1906 to 1908 the selling-price of fine hard Para. 
in London varied from 28. 9d. t{) 58. Gd. per lh., but 
during 1909 and 1910, the years of the rubber boom, 
the price rose considerably, and a record of 123. &t. 
per lb. was reached in April 1910. Since the latter 
date, however, the price has ~adually fallen to a nor­
mal level. The fluctuations in the value of fine hard 
Para in London since 1906 are shown in the following 
table, which gives the highest an<l lowest quotations 
during each year, together with similar figures for plan­
tation Para ; 

}'Ine)uu'd Plil.ra. Fine pla.ntatlon PlU'a .• 

YOM. 

i RiJhest. r..oWMt. Hlghest. Lowest. 

---1--.---. - d • ~ ~ j ~ dli " tl. 
J906 6 " " 6 1907 5 2 3 3f I 6 10 3 8 
1908 5 5 2 9 6 0 3 2 
J909 9 3t " °i 9 8t 5 a J910 12 6 

I 
5 7 12 10 5 

1911 7 2, 3 lOt 8 01 ~ 6 
1912 5 2 4 3t 5 8t 4 I 

-It will be seen from these figures that during the above 
years fine plantation Para usually realised a "!ightly 
higher price than fine hard Para. It must, however, be 
remembered in this connection that plantation Para is 
placed upon the market in .. n almost dry condition (con­
taining only 1 or 2 per cent. of moisture), *herea.s fine 
hard Para contains from 10 to 20 per cent. of moisture. 
If this fact is taken into oonsideration it will h<1 found 
that the price of dry fine hard Para was a little· above. 
that of dry plantation Para. 
- The following diagrams, balled on the figures given in 

Messrs. Gow, WiJaon &; Stantoll's reports of the London 
rubber anctions, show the fiuctuations d!Jling 1911 and 
1912 in the values of fine hard Para a.nd p~ntation 
paJ1 • 
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During the fitst six mo.ths of 1913 the priee of plan­
tation Para gradually fell in comparison with that 
of fine hard Para, and d'lring June and July the latter 
rubber was quoted as much as 18. per lb. above first 
grade plantation Para. The course of the markot is 
shown by the following comparison of prices at different 
dates: 

January 16 • 
Fobruary 13 • 
MB<Ch 13 
April IS 
May 22 
June 19 
July 17 

UU. 

,. d~ 
~ 61 
4 21 
3 IIi 
3 4f 
310 
3 Si 
3 10 

,. ct. 

! tIl 3 10 
3 1 
3· 2 
2 8 
2 7, 

The African rubbers prepared by the natives are mostly 
of second quality and realise lower priees than fine hard 
Para. The demand for these grades of rubber is, however, 
usuaJ1y very good, and their value is frequently higher 
in comparison with that of fine hard Para than is 
warranted by their composition. The best of the native 
African rubbers are the" niggers "-i.e. the Landoiphia 
rubbers prepared in the form of balls-and the highest 
grades of this type always realise good prices. The 
values at Liverpool of some typical grades of. West 
African rubber are given in the following list, taken 
from the market report of lIfessrs. Taylor & Co. Fine 
hard Para was quoted on the Bame date at 38. lOti. 
per lb., and fine plantation Para at 2.t. lld. per lb. 

Gambia, 
Fair A.. • 
2nds A.M. and C. 

Sierra Leone: 
Twists, fair to prime black • 
rlooty Manoh • 

Prioe (J<J< lb. (Julyl,1913). 
'. d. '. 11. 

1 11i to 2 0 
1 fi ,,1 9 

1 8 " 2 Ii 
1 Ii ,,-I 1 
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Gold Coast: 
Lump, hard selected. 

fJ soft . 
Niggers, fair red 

" soaked white 
Flake or Paste 

Lagos and Benin: 
Lump 
Niggers, Lagos 

Cala.bar : 
Niggers 
Ball. 
Lump 
Roots 

Conakry: 
Rio Nunez Niggers, fair 

average quality to good 
Niggers, fair average quality 

" white. . . 
Biscuits and sheets, fair to 

good . 
Ivory Coast: 

Lump, hard selected • 
Niggers, fair red 

Gabod~: 
Large ball 
'small bal! 

Benguela: 

u white 
" pinky 

Niggers, prime • 
,,' fair average quality 

Niger halata, fair • • 
.. gutta 
.. Bake 

!'r;"" por lb. (July I, 1913). 
•. d. •. d. 

1 4 
1 3t to 1 31 
2 7 2 8 
1 9 1 10 
o 10 

6b " 1 II 
9 2 0 

2 0' 2 1 
2 0 2 1 
1 7 1 8 
1 3 1 5 

2 9 2 10 
2 5!" 2 6 
2 3 2 4} 

2 7 ,,2 8 

1 " 2 91" 2 10 
2 2 ,,2 2i 
1 9 " 1 10' 

2 0' 2 1 
1 II 2 0' 

2 8 2 9 
2 1 2 2 
1 7 " I 8 
o 7. 0 8 
OW 

The diagram on p. 99 "hows the tluctuations during 
the yeIIl'B 1911 and 1912 in the values of best and second­
quality .. niggers," represented by Gold Coast red niggeno 
and Lagos ~ respectively, and of lump l1lbber from 
~.M . AIIIl the Gold Coaat. 
" ",' ,,', JgelI&" " 



MARKET VALUES OF RUBBER 119 

It will be seen from tilt preceding quotations that the 
rubber of Funtumia emtica as prepared in the form of 
" lump" by the natives is only of low vaiue, realising less 
than half the price of fine hard Para. If, however, the 

61.14. 

".i4, 

".&d. 

".14. 

",Gel. 

II.N. 

a.. lei, 

II.U. 

SI.Od. 

b.H. 

b.W. 

' •. 14. 

f.oOd. 

11.", 

'911 

1111. 

I. Qold Oout Bod ""_. u._" ....... 

lilt. • 

GI.II'. 

61,04. 

Y. Od'. 

u,84, 

.. .... 
".Od. 

".94. . 
a ... ed. 

".Id'. 

".04. 

2"Od. 

11, N. • 

rubber is carefnlly prepared" in biscuits, sheet, or ~ • 
from the unadultera.ted latex oJ-Funt'Umia ela8tica, it is of 
very good quality and of much higher value. Thus, 
far exa.mple, a. large consigmnent of Fwitumia rubber in 
biscUIt form, obtained by tapping the collllllunal plan-

S 
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tationa of these trees in Soutlj.ern Nigeria, was divided 
into three grades which were sold in London at 68. 6d., 
68. ltd., and 58. 6d. per lb. with fine plantation Para at 
68. lid. per lb. Similarly Funtumia rubber prepared 
in the form of sheet or crepe in Uganda has realised prices 
a.bove tha.t of :fine ha.rd Pa.ra. 



CHAPTER. IX 

THE PARA RUBBER TRlIlI 
HEVEA BRASIUENSIS, MULL. ARG • 

• Specjea of Bevea.-The trees belonging to the genus 
Hevea are natives of South America, and up tQ the present 
time about twenty species have been' described. The 
most important rubber-yielding species tis H evea bJla8ili­
emis, Miill. Arg., the well-known Para rubber tree, whwh 
is wi(llly distributed in the Amazon valley alld fUrnWle8 
the blest rubber of commerce. In addition tQ this tree, 
however, a number of the other species of Hevea also 
yield marketable rubber, Rnd a short n9tice of these may 
be given before dealing in detail with the Para trcc. 

Dr. J. Huber, the Director of the Museu Gooldi at 
Para, has made a special study of the HeveRS, and he 
divides the Brazilian species into three groups according 
to the quality of the rubber which they furnish. The 
first group, yielding rubber of the highest quo.lity, is 
composed of H. brasiliensis, Milll. Arg., H. Benthamiana, 
Miill. Arg., and the closely related species, H. Dml:ei, 
Hub. H. braailiensia is confined to the southern" basin 
of the Amazon, whereas the other two species are found 
to the north of the main atream, H. Bentliamiana heing 
common on the Rio Negro and H. Duckei on the Yapura 
river. The smoked rubber of the two latter species ia 
Bt&ted to be neaTly equal to that of H. ~. 

The second group of Hevea consists of H. guiam1tai8, 
Aubl., H . .:ollina, Hub., H. nigra, UIe, H. CII1IIldt<J, Hub., 
H. luletJ, MiiI1. Arg., and H. paludo8a, Ule. All these 
~_~ 00,reM" ~~~ 1Vlh\,'l\: 
ia smoked in the same way as that of H. bmailieruM. and 
ia known in Brazil as " borracha fraea" tlr weak rubber. 
These ~ do not USWIUy grow in the BIHDIIodistricts as 
H. bn:uil"_", and oonsequently their ~ are not 

101 
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added to that of the latter speoie~; they are generally 
very scattered in the forests and are only rarely exploited 
by the nath' es. 

The third group comprises H. 8p"«:eama, .Miill. Arg., 
H. dillcolor, Miill. Arg., H. aimilia, Hem L, and H. viridis, 
Hub. These trees give only a smaJI quantity of latex n 

which furnishes a weak, stid.-y rubber, and they are there­
fore of little practicaJ importance. 

Good rubber is said to be obtained from several other 
species of Hevea, snch as H. rigidi/olia, Miill. Arg. , H. 
minor, HemsL, and H. microphylla, Ule, which occur on 
the Rio Negro, but r,ccording to Huber there is at present 
little authenticinform&tion ava.iJableregarding the vaJue of 
these trees. The Hevea wntusa, Hemsl., of British Guiana 
also fnrnishes marketable rubber, but the yield is smaJI 
(see Bulletin 0/ tJ..e Imperial I1IIIlitute, voL x. 1912, p . 388) . 

• Botanieal Characters.-H evea brasilie1l8'i8 is a large 
forest tree ,which may attain a height of 100 ft. It 
has a well-developed trunk, sometimes measuring 10 to 
12 ft. in circumference, and the branches are high . The 
leaves have a long petiole and are trifid, the three leaflets 
being laneeolate with aClllninate apex. The flowers, 
which are SDlaJI, grecn, and sweetly scented, are unisexual 
and are borno in panicles which contain both IlU1le and 
female flowers. The fruit is a three-celled triangnlar 
capsule, each division of which contains a single oval 
seed having a shiny brown mottled seed-coat. When 
ripe the capsnle bursts and scatters the seeds to a con­
siderable distanee. (See Plate II.) 

Helll!.a brasilienm sheds its leaves every year, but only 
remains leafless for a short period. This change takes 
place both in its native habitat and also in the countries 
into which it has been introduced. According to Ule, the 
Para trees growing on the lower Amazon lose their leayes 
betwOO'J. March and. July, flower in Jnly and August, and 
ripen their fruits in January and February. In Ceylon the 
Para trees usually shed their leaves between January and 
March, and fruit from A~ to November, although in 
the Uva Province the frnitmg period is from Febrna.ry to 
April. The fall of the leaves occurs in MaJa.ya. between 
January and March as in Ceylon, but the trees ripen their 
fruits eith~ in the early part of the year, the ma:rimum 
crop beiDg then in March, or from Jaly to October. 
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The k~rnc1s of Para rtV>ber seed have been shown by 
examination at the Imperial Institute t() contain about 
45 per cent. of a drying oil which can be used for the s&me 
purp<>ses as linseed oil (800 Imperial Institute Selected 
Report~ on Rubber awl Gutl£t Pereka, pp. 434-4(). 

Distribution.-Hevea brasiliensiB is very widely distri­
buted throughout the entire valley of the Amazon t() the 
south of the main stream, its habitat comprising portions 
of Brazil, Bolivia, and Peru. n occurs on the low islands 
and shores of the Amazon estuary, and on the alluvial 
lands bordering the main stream and all its southern 
trihutaries. At the mouth of the Amazon the trees 
grow above the limits of the tidal ftoo4s, but on the alluvial 
lands of the lower rivers they are subject to annual in­
undations during the wet season. H evea brasiliensM 
also occurs in certain districts on the higher lands between 
the rivers, and it was from such trees-growing ~tween 
the Tapajoz and Madeira rivers that Wickham in 1876 
collected the seeds which served to introdtfce the Para 
tree into Ceylon and the Straits Settlements. Some doubt 
has been expressed, however, as to whether the Hevea. 
trees growing on the higher lands are always the true H. 
bra8iliens;", and Ule is of opinion that the tree which occurs 
in such situations in the Acre district is a distinct species. 

According to Huber, tbe principal districts in tbJl 
Amazon valley where H evea brasiliens;'" is abundant are 
the forests situated on the shores and islands of the 
estuary and along the banks ()f the rivers in tbe State of 
Para; tbe valleys of the Xingu, Tapajoz, and Madeira 
rivers (the latter partly in Brazil and partly in B<>livia) ; 
the Acre territory; and the valleys of the rivers" Purus, 
Jurua, and Jutahy in Brazil, the Javary forming the 
b<>undary between Brazil and Peru, and the Ucayali in 
Peru. Brazil possesses large reserves of Pant trees .... hich 
have n()t yet been exploited owing to difficulties of trans­
port. but several of these areas are nOW being opened up. 

CJimatic CozulitkmIJ In Ih'uil.-The cbaractcristic"feat_ 
of the climatecl the Arnawn valley are a uniform tempera- , 
ture and a considerable rainWl well distributed tbrough­
out the year. On the lower river the mea.n annual tem­
perature lies between 76· and 81° F •• and the annual 
tainfaU is usually from SO to 120 in. In this region 
tI!e princi~l rainy lle&l!OIl lalits from Oeta1ter til ~. 

" •. , ~. . ." • _ J ~ 
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and July, August, and September are the driest month •. 
The climatic conditions on the upper tributaries and on 
the higher lands no doubt difl'er in some respects from 
those of the lower river. 

Collection and Preparation of Para Rubber in BraziI.­
The rubber is usually collected during the dry season, 
the occurrence and duration of which vary considersbJy 
in the different districts. As a rule, the tapping is con­
ducted between May and February, and the best period 
is stated to be from May to September. 

The native collector first selects from 100 to 150 Hevea 
trees growing in close proximity in the forest, and, in 
order to facilitate MEl subsequent operations, he connects 
these by a path beginning and ending at his hnt. Such 
a group of trees is known &8 an "estrada." The general 
methpd of working an estrada is as follows: The col­
lector, starting at or before sunrise, taps each tree in turn 
by the method described below, and, having completed 
the round, fle is back at his hut. After a short interval 
he &gain sets out to collect the latex, which he carries 
to his hut and converts into rubber the same day. 

The tapping is performed with a small axe having a 
cutting edge only 1 to I! in. long. With this instrument 
the collector makes one or more incisions in the bark and 
immediately fixes a tin cup beneath the cut to catch 
the latex. The incisions, which are made in a slanting 
direction, are usually placed horizontally one or two feet 
apart round the trunk, so that the number of incisions 
made on a tree at each tapping depends upon its ciroum­
feren~ Sometimes the collectors make the first in· 
cisions at the base of the tree and work upwards, whilst 
in other cases they commence operations at a height of 
6 ft. or more and make the succeeding incisions below. 
The second lIay's incisions are made about 4 in. vertically 
above or below the first, and the series is continued in this 
way nn'til the row is completed. A new series of cuts is 
then oommenced at the side of the first row. 

In some districts of Brazil the trees are tapped every 
day, whereas in others tha tapping 'is only performM. 
.rHery other day. In the latter _ it is uaual for the 
0<iDeet0r to wol'k two eBtradas alternately so as to ohtaiA 
a llaiIy yiekL Tapping is uIma.lly suspended during min. 
;W~~ that the number of tappings reeeive.It by 

, c .: , •• ~:l':;;~ ~; 
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the trees during the ooltecting season varies from 90 to 
120 according to the district. It is generally stated that 
only a very smaJ1 yield of rubbet is obtained hom the 
initiaJ tappings as the latex is at first thiok and does 
not flow freely, but that &fter several tappings have been 
made the latex becomes more fluid and the yield of 
rubber considerably increased. 

The coagulation of the latex ill effected in the following 
manner: The collector make: a smaJ1 fire over wbich 
he places a conical iron or earthen chimney which serves 
to direct the smoke upwards. The fire is fed from time 
to time with the shells of certain palm nuts which' in 
burning give off dense olouds of smo~ containing creosote 
compounds. The nuts commonly used for this purpose 
are the Urucury (Attalea excels,,) and the Inaja (M<»:i­
milliaM regia). He then takes a rOlllld pole oi wood 
about 6 ft. long, which he supports at One or llPth 
ends SO that the middle portion can be held \n the smoke. 
A small quantity of latex ill poured on to the oontre of the 
pole which is immediately turned round and round in 
the smoke until the latex is completely ooa.guIa.ted, 
forming a thin film of rubber. This procedure is repeated 
until the whole of the latsx obtained in the day's tapping 
is ooa.guIa.ted and it is continued day by day until a 
sufficiently large ball of rubber is formed, which is then 
removed from the pole. These balis of rubber usually 
weigh from 20 to 60 ki]Qgrarns (U to 1321b.), and, when 
cut, tbey are seen to be bnilt up of a number of well­
marked concentric layers of rubber each of which repre-
sents a day's yield. . • 

H the smoking hili! been carefully done so that each 
layer of latex is completely ooa.guIa.ted, the rubber is 
claI!sed as "fine"; if, however, the coaguJation is not 
complete thronghou~ the ball, the rubber is known as 
.. entreIine." A third class of rubber, Jmown III! " scmam· 
by," ccnsistII of the ecra.p rubber from the in~, 001-
leoting-cups, etc. 

The amount of rubber obtained from the wild Para. 
trees of the Amazon valley tIppea.rs to vary considerably 
in the ditt~t districts.· Aceording to figures published 
by varioUIJ observers, the average aDlI1Ial yield of freshly 
eoarJated rubber ranges from about 2 lb. ~ as much 118 

8 ere 'Itt db. per tree. The higher yields are obtained m 
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districts which have been opendd comparatively recently 
and where many of the trees are heing tapped for the 
first time. In the Lower Amazon region, where the forests 
have heen worked for many years, the average yield 
appears to be between 2 and 3 lb. per annum. 

CnItivation of Hevea brasiliensis.-The introduction of 
the Para rubher tree into tropical countries outside South 
America was successfully accomplished in 1876 as the 
result of the labours of Wickham, who collected seeds of 
the plant in Brazil. This mission was undertaken at the 
instance of the Government of India in co-operation with 
the Royal Botanic Gardens, Kew, and the plants raised 
at Kew were distribdted t<) India, Ceylon, Singapore, and 
other countries. The plants sent to Ceylon and Singapore 
were found to grow well under the local conditions, and 
it is fJi')m these p'l-rent trees that the extensive plantations 
now existing in Ceylon and Malaya have been formed, 

li evea bral'iJie1l8ia not only furnishes rubher of the 
highest quality, but it also gives a larger annual yield than 
any other rubher tree. On these grounds its cultivation is 
to he recommended in preference to that of any other 
rubber tree wherever it is likely to thrive, and it will there­
fore be of interest to consider the climatic and other con­
ditions under which the tree has been successfully grown. 

Climatic Conclitions.-The conditions which prevail on 
the Lower Amazon have been already described, and it 
was at first thought that similar conditions would be 
necessary for the cultivation of the tree, It has been 
found, however, that the Para rubber tree possesses 
very CQnsiderable powers of adaptation, and it is at pre­
sent being grown successfully under very varied con­
ditions of temperature, rainfall, and elevation. 

In Ceylon the Para tree has been widely cultivated 
and has bOOn found to grow particularly well in the 
following districts ~ Kelani Valley, Kalutara, Ratnapura., 
Matale, 'Kegale, Galle, Kandy, Kurunegalle, and Bedolla.. 
The beSt results have been obtained in the low moist 

• CQuntry; but the tree is being successfully grown up to 
'2,000 ft. in the Central Prevince and up to .3,000 ft. in 
the UVa Province. The mean annual temperature of the 
low districts such as Galle and Ratnapura. is about SOO F .. 
whilst at Bedulla, which is situated at an altitude of 2,22li 
11;., it is t;J'" Y. In the rubber districts min ~ every 
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month throughout the Ye¥, the monthly variation being 
from Ii to 24 in., and the annual rainfall ranges from 75 
to 160 in. Under the conditions prevailing in the isla.nd 
the minimum rainfall for the successful cultivation of the 
tree is regarded ... about 70 in. per annum. 

The climate of the Federated Malay States has proved 
to be exceedingly suitable for the cultivation of the Para 
tree. This country has a hot moist climate and a very 
uniform temperature. The getteral rainfall is about 90 
to 100 in. per annum, and is distributed throughout the 
year; the driest month, July, seldom h ... I .... than 31 in. 
of rain. The average maximum and minimum tempera.­
tures in the low country are 90° an" 70' F. respectively, 
with a mean of about SOO F. Para trees are growing 
in the Federated Malay States at elevations up to 2,500 ft., 
but the best result. are obtained from sea.-level up to iOO ft. 

In Southern India the climatic conJltions are on the 
whole very ditJerent from those of Ceylon. 'It is mdch 
hotter at similar elevations, and except in certain districts 
there are at least three months of dry weather or with 
a rainfall of less than 1 in. per month. Where the rain­
fall is sufficient, the Para tree can be grown at higher 
altitudes than in Ceylon, and satisfactory results are being 
obtained on estates situated up to 3,500 ft. above _level. 

On the West Coast of Africa the Para tree has been 
successfully grown at Aburi in the Gold Coast at an 
elevation of 1,500 ft. with an average annual rainfall of 
.7 in. and an average mean temperature of about 81' F. 
The tree, however, does much better at Tarquah in the 
same Colony, where the altitude is about 300 ft. p.nd,the 
average rainfall about 70 in. per annum. 

In Southern Nigeria the Para tree is being cultivated 
with very satisfactory results in the wet zone of the 
Colony lying to the south of 6' 15' N.latitude. At eight 
places within this area the rainfall ranges from 87'08 to 
251'49 in. per annnm, with an average of 12S'67~, whilst 
the muimum temperature during December to llfarch ill 
88" F. and the minimum during May to August is 73° F. 

In U~, Para trees ha.ve grown weD at Entebbe, 
which ill situated at an elevation of 3,863 ft., and baa an 
average rainfall of about 58 in. and JII&limnm and mini­
mum temperatures of 86'5' F. and 55° F. respectively. 
The climate of tile ¥ Afrka l?rotectora~ is not very 
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suitable for the Para tree, ando in Nyasaland it can only 
be grown in the West N yasa. district. 

SoiIa.-In the first attempts to cultivate the Para tree, 
land was selected so as to approxima.te a.8 nearly a.8 p0s­
sible to the conditions which prevail on the Lower Amazon .. 
Low-lying alluvial land on the banks of rivers, and in 
some ca.ses subject to periodical inundations, Wa.8 conse- • 
quently chosen for the purpose. As the result of planting 
experiments, however, it '!vas found that land of this type 
was not essential for the successful growth of the tree, and 
it is nOw recognised that the character of the soil is of 
less importance than the rainfall and temperature. If 
the clima.tic conditlions are satisfactory the Pa.ra tree 
will thrive on relatively poor soils. Wherever possible, 
however, it should be planted on good alluvial soil, a.8 

it th'_n makes t~e quickest growth. The tree will not 
grow on swampy soil, but such land can be rendered 
suitable for its cultivation by thorough draiua.ge. 

The character of the BOils upon which the Para tree is 
being successfully grown in Ceylon a.nd the Federated 
Malay States will be seen from the following summa.ry 
of a.nalyses ; 

CEYLON SOILS· 

Kclani. 

Percent. 

11 to 28 

HI" 40 

4" 10 

30,,70 
2,,6 

17to20 

16" 25 

4,,5 

50,,60 
3" 5 

11...,.. 
Per cent. 

15tolO 

14,.2$ 

3,,7 

40,. ttO 
3'J' 
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M~"MIy"" 
Fine IOU passing 90 moab 
Fine soU passing 60 meah 
Modi"", ..,U passing 30 mosh 
Co .. a&nd a.nd emall atones . 

O,..".ictJl O_".. .. i<m : 
Moiature . . . 
Humus fmd combined water 
Oxides of n-on and mo.nganeEIe 
Alumina 
Lime . 
M_eoia . 
Potash , 
PhOlJphori~ acid . 
Sand and fJilioateI!J 
Nitrogen 

68 to 96 
4 .. 32 

5'00 I<> 6i12 
8'00 .. 24'08 
1'12 .. 3'00 
2'62 .. 3'02 
Q'18 ... '28 
0'23 .. 0'38 

0'014 .. 0'169 
0'012 .. 0'076 
64'20 .. 81'00 
0'403 .. O'_ 

18 to 48 
24 .. 38 
8 .. 28 
«n 32 

1'40 .. "20 
3'00 .. 9'60 
0'30 .. 8'24 
1'16 .. 6'69 
0'14 .. 0'34 

0'086 .. 0'''' 
0'014 .. 0'053 
0'061 .. 0'076 
73'60 .. 98'60 
O'869 .. OIN92 

Formation of PlantatioDl.-The first step ih the forma.­
tion of a rubber pJ.a.ntation is to olear the J.a.nd by cutting 
down the existing trees, and then if the timber cannot 
be dispo6ed of it is burnt when dry. It is desirable, if 
possible, to remove the stumps of the trees from the soil, 
as if these are allowed to remain they decay and serve to 
harbour white ants and fungoid diseases which may 
8ubsequently attack the rubber trees. The cost of re­
moving the stUmps is, however, considerable, but the 
""ark has heen carried out on several estates with very 
satisfactory results. A number of mechanical app1ianoes 
for facilitating the removal of the stumps are now .taiIable. 

After the' J.a.nd has been cleared, suitable ro6da _ 
made through the estate and any DOOBIIB&l'J drainage is 
done. The J.a.nd is then divided into blocks and "holed .. 
for the reception of the rubber pJ.a.nta. It is' advisable to 
make the holes &8 large &8 convenient, since this is bene­
ficial to the subsequent growth of the pJ.a.nt, &ftd 2 ft. 
tMtUsre by Ii ft, deep is considered to be a gtbl size. 
The holes Ilbould be refilled with surface soil. little time 
before ~ Out is oommenced 110 that the soil may 
aettle before the plants are pJaoed in position. 

CoDBider&ble di8cusliion has taken place regaroing 

• ~ by Bamber """ted In Bepcm 01 ~ 0/ A~ 
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the distances at which Revea. trees should be planted, 
and there is still much divergence of opinion amongst 
planters on this point. At first close planting was gener­
ally adopted with the obiect of producing tall straight 
stems suitable for tapping, and the trees on many estat". 
were planted 10 ft. by 10 ft. (over 400 to the acre). In 
these cases the intention was to thin out the trees subse­
quently. but this has not always been done. More re­
cently there has been a g1'Owing opinion that much wider 
planting than the above is desirable, and the distance 
of the trees apart has been gradually increased. In 
Ceylon distances of 15 ft. by 20 ft. (about 150 trees to the 
acre) or 20 ft. by 200ft. (about 110 trees to the acre) are 
now generally adopted, whilst in Malaya the usual arrange­
ment is 20 ft. by 20 ft. or 24 ft. by 12 ft. (about 110 and 
150 trees to the acre respectively). Somc authorities 
recomlnend still ..f>ider planting, being of opinion that ulti­
ma'tely better results wiII be obtained from 40 or 50 trees 
per acre thah from 100 to 200 trees on the same area. 

Experiments conducted in l\falaya and in Ceylon have 
shown that widely planted trees increase in girth much 
more rapidly than closely planted trees and that conse­
quently the former will more quickly attain the necessary 
size for tapping. 

Raising of Plants.-Hevea braailien8i8 is usually propa­
gated from seed, of which the trees produce large quantities 
after the fourth or fifth year. Seed intended for planting 
purposes should be preferably selected from vigorous trees 
eight to ten years old giving a large yield of rubber. 

The plants are generally raiBed in nursery beds or in 
seed-baSkets, but in some cases the seeds have been planted 
.. at stake" in the position which the trees are to occupy. 

When the plants are to be raised in nurseries, well­
prepared beds of rich soil should be formed in a suitable 
position, and arracgements made for providing the young 
plants with shade. This is usually accomplished by means 
of a liglft framework about 8 ft. high upon which a cover-

• ing of leaves or matting can be spread. The seeds are 
sometimes gelminated in a IiOOd bed and then. transferred 
to the nursery bed, or they are at once planted in· the 
nursery bed 6 to 9 in. apart ,and 1 in. below the surface. 
The seeds are pIaoed in the beds with their 10Rg axis 
~tald- t4 if they a..<e planted vertically the ~ 

,~ ~,,?_ ~ "., ~ .. 
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obtained are frequently ~I.visted. If the soil is regularly 
watered, the _ds, when fresh, usually germinate in about 
ten days. The seedlings require careful attention in 
the nursery; the soil should be kept moist and the plants 
screened from the direct rays of the sun. 

The subsequent procedure varies considerably. The 
seedlings are sometimes allowed to attain a height of 
about 2 ft. and are then carefully lifted from the beds 
and at once planted in the pr~pared holes. When this 
method is adopted, the shade should be gradually removed 
from the seedlings in the nursery, so that they ate exposed 
to the full sun for some time before being transplanted. 

In othel' cases the plants are allo.ed to remain in the 
nurseries for some months until they are 5 to 6 ft. high. 
The upper portion of the stem is then cut off, the plants are 
lifted from the beds, the roots trimmed, iUd the" stlimps " 
thus obtained are carried in bundles to the plantation 
and placed in the holes. This method is gene~lIy adopted 
in l\!alaya, and very little loss is experienced as a rule. 

The use of seed-haskets for raising the young plants 
has been recommended wherever possible, as very little 
interruption of the growth of the plant then occurs on 
transplanting. The baskets may be made of split bamboo, 
palm leaves, or similar Ill&terial, and should be sufficiently 
strong to bear the weight of soil when filled. A single 
seed is sown in each basket and the plants thus raised 
are kept under shade and well watered until required for 
planting out. The entire basket is then placed in the 
soil without disturbing the roots. This method has given 
very good resufts on some estates fu ceyion. • 

In all ca.ses the transplanting should be done if possible 
during rainy weather, so that the young plants may not 
suffer from lack of moisture. • 

The method of planting the seeds "at stake," i.e. in the 
position which the trees are to occupy, has given good 
results in eertain cases, but the seedlings require ~nsider­
able protection from aninIals and from the sun, which is 
much easier given in a nursery. In this method two or 
three seeds- are planted in 1.1le prepared holes and well 
watered until germination takes pJa.ee. When the seed­
lings have grown sufficiently, the most \'igorous in each 
hole ;_!: selected to be retained and the othel\ are removed. 

As a general rule Para. trees do not require shade after 



112 THE PARA RUBBER TREE 

being planted out, but in somE' situations where there is 
• dry IIIl8.IIOn it has been found advantageous to provide 
thade trees for the first two years. A similar plan has 
been adopted where the seeds have been planted "at 
stake." The shade trees usually employed are the dada.p, 
Erythrioo litlmperma, and Albizzia molmcaoo. 

Bate of Orowth.-Under favourable conditions of 
climate and soil H etJea brll8ilieMis is a very quick-growing 
tree. In Malaya, where the conditions are exceptionally 
suitable, the rate of growth is more rapid than in any 
other country, a.nd cases have been known there of trees 
attaining a height of 20 ft. and a girth of 8 in. one year 
after being planted' out. Usually plantation trees in 
Malaya increase in girth from 4 to 6 in. per annum during 
the first few years, the subsequent rate of growth being 
deterrqined by th!j. distance at which the trees are planted. 
If the trees are closely planted, the rate of increase in girth 
is checked after about the tenth year, or even earlier if 
the lateral branches have completely met. The growth 
of widely planted trees is the most satisfactory, and the 
following figures have been given by Ridley for trees grow­
ing 20 ft. by 20 ft. apart in good soil without manuring : 

Girth at 3 ft. Girth at 3 It. 
from base. from base. 

in. In. 
1st year 11th year 60 
2nd 

" 
9 12th 66 

3rd 14 13th 72 
4th 20 14th 78 
5th 24 15th 80 
6th 30 16th 82 
7tb 

" 
36 17th 84 

8th 
" 

42 18th 86 
9th " 

48 19th 88 
lOtI! 

" 
li4 20th 90 
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increase in height from & to 10 ft. per annum and in 
girth from 3 to 4 in. per annum. The parent trees at 
Hena.ratgoda were 8Q ft. in height and over 100 in. in 
girth when thirty-five years old. 

With reference to the rate of growth of H tf)tQ.. brasil­
ie1l8is in Africa the following particulars may be given: 

SOUTHERN NIGERIA.-The six old~"t Para. trees in South­
ern Nigeria are growing in the Gardens at Ebute 1tletta. 
Three of these trees had an av~&ge girth of U·S in. in 
1911 when seventeen years old, Whilst the corresponding 
figure for the other three, which were eighteen years 
old, wa.s 41' 8 in. 

The following particulars have betfo. published of the 
growth of the trees at the Para Rubber Plantation, 
Calabar: 

• .... Numb.erofttees. Planting dlataDoe . Al'ence rtrtM 

... ... 
(years 494 15 x 15 12'19 
3 .. illS 15 x 18 8'21 
2 .. 41" 15 x 18 9'S 
2 .. 887 15 x )8 9'11 
! . 864 )5 x 18 10'9 
1-2 : 652 )5 x 18 8')0 

The largest four-year-old tree at Calabar measured 
21'75 in. in girth, and severa.} other trees of the 88J!le 
age exceeded 20 in. 

Simila.r figures for Para trees growing on the Model 
Farm at Agege are also available: 

..... NlUQ,berolk'ellll. Platat1B8 cUstaDce. ATer.,.aVib . 

... .. . 
4l~ . 1,462 lIOxJ!O U'211 . " 648 J!Ox110 916 
81 n IlOO lIOx110 61115 . 

The 'growtl! at Agege ia nol; 80 rapid as at Calabar, 
oWing to the lower rainfaJl arid the laDpI' dry'season, 

The following measurements were fecQrded for 260 
Pai'a trees nine years old which were ta.p,ped experi­
menlialiy a$ Orugbo during 11111 : 
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9 yelU'8 • 
9 
9 .. 
9 .. 

Ate. • Number ot tote •• 

60 
60 
80 
80 

... 
8O'S 
31'35 
26'16 
27 '81 

It is stated that at. Messrs. Miller Brothe1'8' Para 
plantations at Sapele 8,000 four-year-old trees had an 
average height of 20 ft. and a girth of 13 in., whilst the 
corresponding figures for 22,000 three-year-old trees were 
13 ft. G in. and 8 in,respectiveiy. 

GOLD CoAST.-The Para. tree is being oultivated experi­
mentally at each of the Botanic Stations in this Colony, 
and the followiog particulars have been recorded regard­
ing tJie rate of g>owth of the trees . 

• At Aburi. where the climatio conditions are not entirely 
favourable/ l 54 trees planted 15 ft. by 15 ft. in 1900 and 
1901 had attained an average girth of 20l in. at 3 ft. from 
the ground by the end of 1908. In March 1910 eighty 
of these trees were tapped experimenta.lly in four groupe. 
and the average girths of the trees of each group were 
24, 26, 261. and 27! in. respectively. 

At the Tarquah Botanic Station over 60 acres are 
planted with Para trees at distances ranging from 12 ft. by 
12 ft. to 40 ft. by 40 ft .• but mostly at 15 ft. by 15 ft. The 
rate of growth during the first four years is shown in the 
following table: 

....... .t.l'erag.glrtb at' n. fNm rrowrd. 

!'Ian"" belgbl. 
nat.ofplallt!D« • ......... 

Dee.U06. Dec. 1906. Dee. 1106. D~.U01. Dec.IIOI • 

". .... ... ... ... .. . 
June 190' • 15 X 15 28 7 12 13 20 
Juno 1904 . 12 X 12 25 6 10 12 16 
July-Sept. I~ 12 x 12 27 , 10 - 19'5 
Julyl~ 15 x 15 24 6 10 12 18'6 
July 1904 20 x 20 26 6 II 12 IU 
Julyl~ 3Ox30 ;7 , 9 10 18 
July I~ .ox.o 27 4 II 10 16'6 

The average girth of the above trees when four and a 
half yean old was 17 in., aud in 1910 many of them were 
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()\'eT 30 in. in circumfe""ce. 1,002 six-year-old trees, 
planted 12 ft. by 12 ft., w"remeasuredin 1910 previous to 
being tapped, and were found to have an 6verngegirth of 
25 in. 

The experimental plant3tion of Para trees at Coomassie 
has given very promising results so rar as growth is con­
cerned; some of the two-year-old trees weI1> 35 ft. high 
and 6 in. in circumference at 3 ft. from the ground, whilst 
two-and-a-half to three-and-a-hBlf-year-old trees had a 
girth of about II in. At the Assuantsi Station also, P.,a 
trees are doing well. 

UOANDA.-In Ugand& the Para tree is being cultivated 
experimentally in the Botanic Gardjns at Entebbe and 
has made very satisfactory growth under the conditions 
which prevail there. The following measurements show 
the average dimensions of five representative trees : 

• • 
~kotplQ.t.in8. 

D.~of a.liM. I (arth at SIt. f~ 
IUUlllU'Wmertt. • I'l'Oliad. 

ft. W. 

I 
lA. 

Novem~1904 M .... h31,1907 21 10 8 
Novem~ 1904 M"",h 31,1908 25 61: J2j 
November l?O" March 31, 1909 32 10 I~ 

The average girth of 118 trees five to six years old was 
OOi in. &t 3 ft. from the ground, the largest tree mea.suring 
28 in., whilst a number of the four-ye«r-old trees were 
from 18 to 00 in. in girth. 

The originaJ Para tree which was brought as a seedling 
from Kew measured 42 ft. 4 in. in height and it ft. 6 in. 
in girth at 3 ft. from the ground when seven and. a half 
years old. 

NYASALAND.-Tbe following measurements show the 
rate of growth of Para trees in the West N yasa Distriot, 
whieh is the only part of NyasaJand where tlie conditiona 
are suitable for their cultivation: 

No. Of"". ..... r ........ .... _. ......... .-... ....... _. _. _. 
y..,.. ft. ... ... Ia • 

ftIj , Ii !lOx~ 3'27 3"75 2'110 
100 

II 
!lOx!lO '"20 6"211 S'OO 

100 !lOx 20 S'98 .12'26 6'60 
1M - lOx 30 9"61 14:50 8'00 
60 16x 16 IS·1t l~ 11'00 
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Weeding and Catch Crops.-,o\fter the trees have be­
come established the only work required on the plantation 
for the first three or four years, unless catch crops are 
to be grown, is to keep the weeds under control and to 
prevent them from interfering with the growth of th" 
trees. The method of clean wooding has been generaIlJ 
adopted on rubber estates, and notwithstanding altern& 
tive proposals which have been advocated, it is still th, 
system most in favour ,with planters. Clean woodinl 
involves considerable expense in mMy cases and has th, 
disadvantage of in\poverishing the Boil by exposing i 
to the action of tropical sun and rain, but these drawbacID 
are compensated for, by a more rapid growth of the YOUIl! 
rubber trees than is obtained under other conditions. 

One of the principal alternatives to clean weeding ;, 
the cultivation of catch crops between the rubber treel 
during the first :F._'w years. This plan serves to proteC1 
the soil and to reduce the cost of weeding, whilst it aIs, 
gives some tetum from the land until the rubber trOOI 
come into bearing. It is, however, open to the objectioI 
that the cultivation of the catch crop may retard thl 
growth of the Hevea trees and defer the commencemenl 
of tapping for a year. In view of this possibility and oj 
the short period during which catch crops can be raised. 
it is a question for the consideration of the planter whethel 
the cultivation of such crops is likely to prove advan­
tageous in any particular C8.."6. The crops which haVE 
been most commonly used for this purpose are cassava, 
groundnuts, sesame seed, chillies, lemongrass, citronella 
grass, and tobacco. Cocoa and coffee have also bee~ 
extensively interplanted with Para trees, but these pr0-
ducts are generally regarded as a more permanent crop, and 
when they are to be grown it is usual to plant the rubbel 
treeli 8ufficiootly widely to allow room for both crops. 

Another snggested plan for replacing the system oj 
clean weeding is to grow certain leguminous plants whicll 
form a (.hick cover-crop and thereby check the develop­
ment of weeds. These plants can be cut periodically.u 

, furnish 'a green manure, at\d thll8 (bel' not only servE 
as & proteotion to the soil but also enrich it'in nitrogell 
and.humlJll •. Spooies of CrotaIaria. Mim~, Desmodium, 
~, Pb&seolus, etc., belonging to the Leguminoseae 
11&~:~ ~ for use in this way, and in the 



THE PARA RUBBER TREE lIT 

Federated Malay States 4;he wild pa.'lIIion.1Iower (ptJ8aJ. 
flora /oeti4a) hllB been utilised for the same purpose. 
Thls plan has not come into s(mera! favour, Md eltperi­
ments hl1 ve shown that the growth of suoh cover-crops 
may retard the d(lvelopment of the trees. The method 
is, however, still under trial in Malaya and Ceylon. 

Manuring.--A number of interesting t,rials havo been 
made on rubber estates to determine the effect of the 
application of different classes 8f manures on the growth 
of the Para tree, and the results 80 far obtained indicate 
that the development of the young treeR, including the 
rate of increase in girth, oan be greatly stimulated by the 
judicious use of suitable fertilisers .• Carefully eontrolled 
experiments are, however, required before any definite 
conclusions can be drawn. 

Diseases IIIld Pests.-The exclusive cultivation of one 
species of plant over large continuous·areas offe~ very 
favourable conditions for the rapid spread of any dise1se 
or pest which may make its appearance, anti. some mis­
givings on this point have been felt in connection with the 
extensive plantations of H evea brasilie7l8i8 in l\falaya 
and Ceylon. Fortunately, however, no serious trouble 
has yet been experienced, and the only important disease 
of the Para tree is that caused by the fungus Fometl 
8emitostm, Berk., which attacks the root&. In Malaya 
white ants.(Termes ge8troi) have proved very troublesome 
on many estates, and a few other insects, chiefly beetles 
and crickets, do some damage in certain cases. It is 
of interest to note that the occurrence of both Ft»ne8 
semttostus and white ants in rubber plantations ill to be 
traced to the presence in the ground of the decaying 
stumps of the original trees which serve to infect the 
rubber trees. 

Only a very brief notice of the princl'pal fungoid 
disea.see which attack Hwea ~ can be given 
here, and for fuller information reference l1lust be made 
to the literature on the subject. • • 

• j'/14 Ph.,.~ """ m.- °48_ ~. by T. Peloh. 
(LoDdon: DuIIu '" Co. ~ 

~n:r.:~=~~, ' 
.... "'" ~ ~ !be ~ of ~ _!be If,.eoIDgiA in'ibt .,._ted JotaIa,. __ • 

• BuIletiDS'A>! the ~tof ~;p_taJ1fala,. Bta_ 
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Leal D;"ta8es.-The leaf disef..ses which have appeared 
on H evea brasiliensis up to the present time arc not of 
much importance to the planter, as they do little damage 
and are chiefly confined to seedlings in the nurseries. 
It ill stated that they can be effectively treated in the 
nurseries by spraying the plants with a boiled Iime­
sulphur mixture. 

Stem Disea8e8.-The principal stem diseMcs of Hevea 
bra"iliensis are: (I) a so-called canker, caused by Phylaph­
thwa Faber;, Maub!., which kills the portion of the 
oortex affected, but does not form an open wound; (2) 
a true canker caused by a species of Coniothyrium; (3) 
a "pink disease" d".e to Corticium 8almonicolor, B. and 
Br. (C. iavanicum, Zimm.), which is easily recognised 
by the formation of a pink film on the stem; and (4) 
"die back," the chief Cause of which is a Diplodia form 
of fungus which h\s been described under various names. 

In the case of " canker" and "die back," the affected 
portions muSt be removed and the cut surfaces protected 
until they have healed. Spraying the stems with 
Bordeaux mixture is useful in dealing with all these 
diseases, as it destroys the spores and consequently 
prevents the spread of the fungus. 

Root Dista8es.-Three forms of root disease have been 
recorded as attacking H evea brasiliens;": (I) F omes 
semitostus, Berk., which covers the roots with white 
threads; (2) Hyrn.enoduJete 1U)xia, Berk., which covers 
the roots with brown or black threw; and (3) Sphaero­
stilbe repens, B. arid Br., which gives no outward sign 
of its presence, but forms dark red or black strands 
between the cortex and wood of the root. When attacked 
by root disease, a tree gradually dies back, owing to 
the inability of t.he roots to perform their proper func­
tions, and vl!ry frequently it is finally blown over. 

Fornes 8emilas~ is by far the most important of the 
diseases 'Which attack Hevea trees, and on some estates 
in Malreya and Ceylon considerable losses have been 
caused by it. A similar, if not identical, fungus attacks 
H _ bmsilie.ft8is in West Alrica.. As 8. general rule it is 
not possible to save the affected trees, a.nd the usual 
remedial measure& consist in cutting them down and 
cliggiDg out the roots, together with a.ny adjacent jungle 
~,... ~ ~ the whole. A trench about 21 ft. 

~:'~ \ ,,~ 
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deep is then made roun.! the affected area, and the soU 
within is carefully dug over and all roots removed and 
burnt. The IU'C8. is again turned over, after an interval 
of about one month, and it is advisable to dig in lime, if 
available, at the rate of 21 lb. for every square yard of 
surface. If theRc operations arc earcfuHy performed, the 

• soil will be free from the fungus after a few wooka' interval 
and fresh trees may be plante<\. 

White AlIM.---These pests are now decrea.ing in Malay ... 
The usual treatment is to discover and d('stroy their 
nests, and to inject arsenic and sulphur fumes inro their 
runs. 

General San;mtion of Rubber 'Esmte&.-Tbcrc &re 

several points connected with the general sanitation of 
rubber estates which deserve attention by planl<ll'8, lUI 

they have considerable influence on ihe health 'Of the 
trees. The part which the decaying jungle stumps play 
in disseminating fungoid diMases and in harltouring pests 
has been referred to already, .. nd their complete removal 
would be very beneficial to the health of the plantations. 
The distance at which the trees are planted is also an 
important point, as close planting tends ro produce a 
humid atmosphere which is very favourable ro the growth 
of fungi, whereas wide planting admits light and air to 
the plantation and thus diminishes the risk of disease. 
When catch-crops or cover-crops &re grown, care should 
be taken that the plants selected are not attacked by 
the same diseases as H evea bra8ilie7l8i8 (as is the' case 
with cccQ&) .. ni! that then- growth does DOt· give rUle to 
conditions which are detrimental ro the general sanita­
tion of the estate. In principle it would be desirable to 
break up the large areas planted with Heves trees into 
distinct blocka by means of protective OOlts of other 
trees so as to check the spread of any disease which may 
ooeur, but th"re seems little chance of this pi"" being 
adopted at present. • 

Tapping.-Cuitivated Para trees are considered to be 
ready for tapping when they have attained a circum­
ference of IS to 20 in. at 3 ft. from the ground. In 
MalAya ~hls girth is usually reached in about four years 
a.nd in other countries in from five to seven years, accord­
ing t;:; the climatic conditions and the aatnre of the 
fOil. Rllllber can be obtained frpU). t1'e!ls ~ than 16 in. 
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in oircumference, but it has fiitherto been held to be 
disadvantageous to tap the trees until they have attained 
tWs size. Analyses made by Bamber in Ceylon (see 
p. 53) have shown that the rubber from two-year-old 
PlIJ'a trees does not differ very mllJ'kedly in composition 
from that derived from older trees, but it is generally • 
agreed that the rubber from young trees is very deficient 
in physical properties, bejng soft and weak. In view of 
this fact and of the small yield of rubber obtainable from 
young trees, it is not usually desirable to tap Para trees 
before they are at least four years old. 

The thickness of the cortex of Para trees of suitable 
size for tapping varies from t to i in. according to the 
age of the trees. It has been pointed out already that 
the greater number of the laticiferous vessels are situated 
in thoo innermost. layers of the cortex, so that in order 
to .obtain the maximum flow of latex it is necessary to 
cut sufficielltly deeply to reach these layers. Great 
care should, however, be taken not to penetrate the 
wood nor to injure the cambium, as if this is done, the 
healing of the wound is retarded and the renewed bark, 
instead of being smooth, is likely to develop excrescences 
which seriously interfere with subsequent tappings. 

Tapping is usually restricted to the ba.saI portion of 
the trunk up to a height of about 6 ft., a.s it has been 
conclusively proved that the greatest yield of latex and 
rubber is obtained from this area. Experiments on 
tapping the higher portions of the stem show that not 
only is a smaller yield of latex obtained, but that the 
rubber is usually more resinous. In view of these results 
and of the additional labour involved, it is not usual to 
tap above a height of 6 ft. 

Tapping is best performed in the early morning or 
la.te in the evening, as it has been found that during the 
day, w4en transpiration is active, the flow of la.tex is 
retarded. Experiments made by Ridley at the Botanio 
Gardens in Singapore showed that morning tappings 
furnished a larger yield of rubber than those made in the 
&TeDing~ • • 
,lAtJe nurnbets of special, tapping tools ~ve ~ 
~!Wed lor Use 1>n plantations, and almost every 
~~~0!Jll vieW!! as to the best type of instrument 
j;GI,,,~ of !'be iinives va of very oompli~ted 
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design, but it is of intere.\ to note that some of the best 
tapping is done with the simplest appliances, ,such as 
an ordinary gouge or a simple modification of the farrier's 
knife. No detailed notice of the different forms of 
knives is possible here, but it may be stated that the 
essential feature of a good tapping tool is a very sharp 
cutting edge which can be easily maintained, as a clean 
cut is necessary in order to secllre a good flow of latex. 

The methods of tapping H evea braBilien8U! trees which 
have been evolved on the plantations in the ,East depend 
upon the important fact that if the initial incisions are 
reopened after a short interval by cutting off a thin 
slice of bark from one of the edges 0' the cuts, a further 
flow of latex takes place, and that this procedure may be 
repeated again and again with a similar result. This 
capacity of the Para tree to furnish Wex repeat8dly at 
short intervals is one of its most important characteristiCs, 
and gives the tree its unique value for pla.tation pur­
poses. Another interesting point in this connection is 
that in tapping trees for the first time, or ifter a long 
interval, the yield of latex from the first two or three 
incisions is usually very small, but that it increases 

, considerably from the subsequent tappings. The Hevea 
trees in the Amazon valley also exhibit this characteristic, 
which is well known to the rnbber collectors there. 

This behaviour of the Para tree has been termed 
"wound response," on ,the assumption that the inoisions 
made in the bark act in BOme way as a. stimulus to the 
production of latex. 

An important point in oonnection with the use of 
this paring method is tha.t the tapping should be so 
arranged that the whole of the original bark is not 
~moved until the renewed bark on part 0' the tree'is 
ready for retapping. It is now generaHy agreed' that 
it is not advisabll" to tap renewed bark until jt is a.t 
laast foUr years old, and consequently ~t .of the 
methods of tapping a.t present in use are 1 arranged t'O 
ensure this. The usua.l plan is to divide the trunk rooo 
four vertica.\ sections which" are tapped in: ll11COOI!aive 
years, so that after a.ll the original bark has hf:>en eXcised 
the renewed bark on the first.section will be four years 
~ld' and ready for retawing. ""," " 
y, The'methad of tapping Para. trees which ill most 1«1~ . . 
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oJly adopted at the present tfme on the pia.ntations in 
Ceylon and Malaya is the hnlf-herringbone system, the in­
cisions being restricted to one quarter of the circumference 
of the tree at a time and reopened every day or every 
second or third day. The procedure is usually as follows : 

When the tree has attained a sufficient girth for 
tapping, the trunk is divided into four equal verticaJ • 
sections, and on one section tapping lines are drawn to 
a height of about 6 ft. lor the guldance of the tapper. 
'1.'he coolie first cuts a vcrtical channel as high as he 
can reach on one side of the area to be tapped, and at 
·the base of this he inserts a small metal spout into the 
bark to direct the'latex into the collecting-cup placed 
below. He then cuts the lateral incisions leading into 
the vertical channel, which are usually made at an angle 
of 45.degrees alld about 12 in. apart. These incisions 
mvst be made sufficiently deeply to ensure a good flow 
of latex, bu,t should not penetrate the wood. The latex 
which exudes runs down the oblique lateral cuts into 
the vertical channel and thence into the cup at the base 
of the tre;. Early the next morning, assuming that 
the trees are being tapped every day, t4e coolie pares a 
very thin slice of bark from the lower edge of each of 
the mteral cuts, when a fresh flow of mtex occurs. This 
procedure is repeated day by day until the whole of the 
bark between the adjacent mteral incisions has been 
removed. It is very important in this method of tapping 
that the successive shavings of bark which are cut from 
the lower edge of the incisions should be very thin, in 
order that the available bark may last as long as possible. 
It has becn found in practice that shavings i" in., or even 
less, in thickness can be easily cut, so that if 12 in. of 
bark are lefj; between the original lateral incisions about 
240 tappings will be possible before the whole of the bark 
has been cut a.way. 

A q1ja.rter of the trunk treated in this manner will 
therefore suffice for a year's tapping. During the second 
year the opposite qua.rter is tapped, and then the two 
remaining quarters in rotAtion. In the fiith year the 
renewed bark on the first section will be tapped, a.nd so on. 

The bark heals from the upper edge of the cuts as the 
tapping procaeds, and if the operations have been care­
I1nlllLJmlll'lll!lld. . .lri!·lli2!o r&!!.Jundul:v- . . . . th mmb.i!m! 
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the growth is rapid and" satisfactory. After an interval 
of four years the renewed bark has been found to give 
as good a yield of latex as the original bark. * 

Besides the half-herringbone method described above, 
a number of other systems have been tried for tapping 
Revea trees. The principal of these are: (1) the double 
herringbone system, which is sometimes employed on 
large trees; (2) full-spiral and half-spiral incisions, which 
furnish large yields of latex afld rubber, but have now 
been generally abandoned as being too drastic for con­
tinuous use, espccially in the case of young trees; (3) 
large or small V incisions, which necessitate the fixing 
of a cup at the base of each V an<i therefore involve a 
large amount of labour; (4) basal V or Y incisions or 
oblique cuts for tapping the base of young trees which 
are not large enough to be tapped to.a height 0' 6 ft. ; 
and (5) vertical incisions. In all these systems, ex«ept 
the last, it is usual to reopen the cuts by liMing a thin 
slice from the lower edge as previously described. 

At one time a combined method of paring and pricking 
was adopted for reopening the incisions and a number of 
special forms of pricker were introduced for the purpose. 
These prickers have, however, fallen into disfavour, as it 
has been found that their continued use often leads to the 
formation of excrescences from the wood, and also that in 
SOme cases the renewal of bark over the pricked area is not 
satisfactory. In consequence of these facts, the reopening 
of the incisions is now usually done by paring only. 

Collection of the Latex.-The collecting-cups used on 
rubber plantations were at first made of tin, iron, or steel, 
but such cups are not entirely satisfactory as they quickly 
become rusty and are then difficult to keep clean. In 
order to obviate this drawback, aluminium pr enamelled 
iron cups have been tried, and, more recently, glass, 
earthenware, and paper cups have been largely adopted. 

A little water is sometimes pla.ced in the cups;in order 
to preserve the latex in a liquid condition untillt can be 
collected and carried to the factory. In some cases,· 
when the latex is thick and does not run freely, a system 
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of· drip-tins is employed to fa~ilitate its How and thus 
prevent its coagulation on the stem. The drip-tins are 
fixed at tho upper ends of the incisions and provide a 
very slow current of water along the cuts. 

If it is desired to keep Para latex liquid for any length 
of time, it should be rendered alkaline with ammonia, 
or a little formalin should be added. 

When the flow of latex, has ceased, the contents of the 
collecting-cups are emptied into enamelled iron pails and 
the latex is at once transported to the factory. 

Preparation of the Rubber.-On arrival at the factory 
the latex is first strained in order to remove all mechanical 
impurities, either b, passing it through sieves of wire 
gauze or coarse cloth, or by means of centrifugal strainers. 
Sometimes the straining is done at the time of collecting 
the lawx from th~ cups, the pails being fitted with a sieve 
for. the purpose. 

The metbd most generally adopted on the plantations 
for coagulating Hevea latex is to render it faintly acid by 
the addition of acetic acid. The use. of a large excess of 
acid is undesirable and should be avoided. Several 
other acids, e.g. formic acid, lactic acid, and hydroHuo:r:ic 
acid (purub), and other coagulants are also employed to 
prepare Para rubber, but none of these is so extensively 
used as acetic acid. 

When the rubber is prepared in the form of biscuit 
Dr· sheet without the use of machinery, the acidified latex 
is simply allowed to stand in circular or rectangular 
vessels until coagulation has occurred, and the cakes of 
rubber obtained are washed, pressed, and dried. 

If, however, large quantities of rubber are being dealt 
with by machinery the latex is usually coagulated in 
bulk in lar~ tanks, the necessary amount of acetic acid 
being stirred in and the Jiqnid allowed to stand until 
coagu!a¥ion is complete. Sometimes the coagulation of 
the- late" is accelerated by ohurning it, after the addition 
of acetic acid, in machines such as the Miehi&-GoI!ed.~ 

• Coagulator or the K.L. Coagulator. The freshly cen;gu~ 
l&ted .rubbet obtained by tllese methodS is·then ri)II,ed 
ouIi bIto sheet or by lib" machines. 

which. :p~ta.tiOf!.· J:>u~ wb~ 
.\~Il8,rl!1eh~ {I) DiscUits, (2) sheet (smoked 

{4.) block, and (5) scrap. 
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The preparation of the forms (I) to (4) and the methOds 
employed in drying and smoking the rubber have been 
already described in the general part of this book (see 
pp. 74-7) and need not be repeated here. 

Scrap rubber consists of the shreds which coagulate in 
the inoisions or in the collecting-cups and other utensils. 
It is exported in the form of balls or cakes, or it is con­
verted into crepe by passing it twough a washing machine 
and is then sometimes made into block. 

A small quantity of rubber may be recovered from the 
shavings of bark removed during tapping by macerating 
them in water and then passing the mass through the 
washing machine until the vegetable tissue is eliminated. 

Considerable interest is being taken by planters at 
the present time in the adaptation for plantation use of 
the Brazilian method of preparing Para.rubber byosmok­
ing the latex (see p. 105). Several machines, notaply 
those designed by Wickham and Derry, hava been intro­
duced for carrying out the process on a commercial scale, 
and trials with these are now being made. It is, however, 
too early to say whether the rubber prepared in this way 
will be preferred by manufacturers to the present forms 
or whether the process will prove suitable for general 
adoption on rubber estates. 

Yield 01 Rubber from Cultivated ~ara Trees.-The yield 
of rubber furnished by individual Para trees varies con­
siderably with the conditions under which they are grown, 
and it is now generally considered that the yield per acre, 
which is more constant, affords a more satisfactory basis 
for calculating returns than the average yield per tree. 

In Malaya during I911 the average yield of rubber from 
the whole area tapped was about 200 lb. per acre, and it 
must be remembered that many of the tree ... were being -
tapped for the first time. It is estimated that the return 
from five- to six-year-old trees in Malaya may be safely 
put a.t about 250 lb. per acre, whilst the yield frolll older 
trees is correspondingly higher. 

The average number of trees per acre in :Ma.laya is abOut 
}OO, so that II yield of 250 lb. bf rubbe1:_per acre would be 
equal to about I f lb. per tree. In this ..connection the 
fOiioID:'.g ~, which show the average yield of rubber 
lJ6l'tree in Malaya during 190~, 1007, 0.00«908, may be 
auoted, ' 
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y..", No. of trees tapped. A:verage yield ot 
rubber per tree. 

Ib, 

1906 516,914 I 12 
1907 1,300,227 1 12 
1908 1,954,090 I 15t 

These results are, of course, from trees of all ages, but 
a large proportion in each year were being tapped for the 
first time, In 1908 the percentage of trees tapped for the 
first time in Negri Sembilan was much lower than in the 
other States,and the results from 306,376 trees in that State 
averaged 3 lb, 2i oz, of rubber per tree, On several 
plantations in Malaya yields of from 7 to 8 lb, of rubber 
per tree per annum have been obtained from trees seven 
to nine years old and 10 to 11 lb, from trees eleven to 
twelv~ years old, 

Wright has made an analysis of the returns published 
by a large flumber of Malayan rubber companies, and he 
gives the following summary, from which exceptional 
yields have been excluded, as illustrating the results which 
are being obtained on different estates * : 

Age of treelt. 

Years. 
30040 

. ~ .. 5 , 
..",,-~ 
6" 7 ....... , 
7,,8 '.'-...._ •• 
8" 9 .;,. 
9" 10 • • "-"" 

10" II '1' II .. 12 • . 

ltubberper Bcre. 

Ib, 

50 to 100 
70" 136 

114 u 160 
128" 221 
240" 319 
313" 443 
363" 550 
396" 630 
450 " 759 

Rubber per tr~e. 

Ib, 

0'53 to 1'06 
0'88" 1'50 
1'21 " 1'79 
1'60 2'47 
2'44" 3'39 
3'09:: 4'17 
3'90" 4'45 
4'77" 5'35 
5'69 " 6'76 

In CeyIOl; the rate of growth a Para trees is not so rapid 
as in Malaya, and as a rule the trees are not ready for 
tappin~ until they are a year der.. Lock con~i~ers 
that. Para trees grown in Ceylon un er SUitable cond!tlOns 

• of climate and soil will yield at least 0 lb. p';'r a.ore ~ the 
seventh year! 150 lb. in tht> eighth, 2. lb. om the nmt~, 
and so on, moreasing as the- trees 00; me older •. Thllj 
ill ~ttedly a conservative estimate, d the puphshed 

__ .'~~H, "',P"",BuI>be» l>yRe<bel-t Wright,4t!> edition, 
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figures of Ceylon plantatA>ns indicate yields of 150 to 
200 lb. of rubber per acre from six- to seven-year-old trees. 

The following table, compiled by Wright from the. 
returns of Ceylon rubber companies, may be given for 
comparison with the similar figures for Malaya already 
quoted: 

4to6 
5" 7 
6" 7 
7 " 9 
9 " II 

12" 15 

Age of fi1'ees. 

Yeen. 

Rubber per acn. . 
lb. 

31 to 117 
64" 166 

105" 200 
153" 234 

405 to 469 

nubberpertree. 

lb. 
0'41 to 0'63 
0'60 " 0'86 
0'75" 1'59 
1'01 " 1'77 
1'48" 3'00 
1'74 " 3'65 

It will be seen that the yields per tree are very 'lnuch 
lower in Ceylon than in Malaya; but owing to the faet 
that the trees are much more closely planted' in Ceylon, 
there is not the same disparity in the yields per acre. 

In view of these figures for Malaya and Ceylon, it will 
be of interest to consider the yields of rubber so far 
obtained from cultivated Para trees in Africa, and, as 
the results are not readily accessible, they may be recorded 
in some detail nnder the respective conntries. 

SOUTHlIM NIOERIA.-The six oldest Para trees in 
Southern Nigeria, growing in the Gardens at Ebute 
Metta, have been tapped for short periods during recent 
years. The trees have been divided into two groups of 
three each, Group I. consisting of typical H evea brasiliensis, 
whilst the trees of Group II. are a form of that species. 
The results of the tappings are summarised in the follow­
ing table: . 

Net. of Average yield A.1'erageyield 
Age ot tr ... Period of tapping. of dry rubber oldryrubbtr 

tapP .... · .., ..... p~treeat 
.... tap ..... -y..,.. lb. .,. ... 

r Aug.-Oot. 1908 16 5'28 0'33 
16 Sept.-Oot. 190~ 25 1 4 O'S Group I. 17 .. Oot.-Dec. 1910 27 15'75 0'118 
18 Apr.-Nov. 1911 6ll 11 15'5 1'()2 

. p1 Sept.-Oct. 1909 25 12'6 0'5 

Groupl_T'l~: Oct.-Dec. 1910 26 13'65 0'52 
Apr.-Nov. 1911 62 3 2;1 O'Ql! 
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During 1910 and 1911 a serks of tapping experiments 
was conduoted with Para tJ'cee growing at the Calabar 
Gardclll!. :Forty-five trees, eight of which were estimated 
to be fourteen years old, and the remainder from six to 
eight years, werc tapped during two periods, June to 
October 19\0 and October 1910 to February 1911, and 
furnished tlle following results: 

Tapping pet1od. tai'!'ing~. of dry rubher per tn!e at 
"No.of IA"tl~l'Ylel<l ~v~~r:b!: 

llcrttee. ee.cbtappiDg. 

---:yc: ... -.--I--------+--i~--"'-.--

14 

6to8 

Juno-O'lO.1910 
Oct. 19lO-Fob. 1911 
Juno-Oct. 19tO 
Oot. 1910-Feb. 1911 

45 6'S 0'15 
83 30'38 0'37 
29 0;94 0'032 
83 8'33 0'1 

A second< experiment was conducted at Calabar with 
thirty-seven aix-year-old trees which had an average 
girth of 24 in. at 3 ft. The tapping was done daily for 
thirty-six days and the following results were obtained l 

I 
ATeJ"JlSeyieJd A.verageyield 

No.oltre •• No.oC Totalyieldot of rubber per oimbbef-pet 
tappings. dryrubbet. -, treeat-.:il 

tapping. 

,I Jb. os. .... 
37 36 14 6'06 0'168 

A series of tapping experiments was conducted during 
-l.909 on Para trees at the Rev. J. E. Wright's plantation 
at Orugbo. One hundred eight-year-old trees were 
selected for trial, and were divided into two groups: (I) 
fif~y trees with an .verage girth of 26 in_; and (2) fifty 
trees "It'ito. 1m .verage girth of 22 in.; in addition, three 
trees which had been tapped in August 1909 were re­
tapped. TD.e experiments extended from September 19 
to October ~, 1009, rmd the t&.ppings wpre made _ 
~ de.~ ~ the exception that the fifty trees of 
the "llmt IJI'ODF - te.pped~ evm:y de.y for - ,.-eek. 

~ ayatem .. !>lIlP1oyed, the ~ 
, "made ,6 ~. high rmd tI!!.I 1&.teral enbt 6 in:. 
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long. The results obtai.uetl. are summarised in the follow­
ing table: 

I No ot 11Il\il1 ~~~!r~r dry I yI~l~ol I IlveraRe #t::drr:: 
t.ppl.llgt! tr:r wtal1Jeld tree.t ! llJmml1m V.arlml1tz1 nlboot'. Ilt)rtreG ~. 

-------:---1--;:;- -;;-;:;-1',"';;-]--';;-1--;;;-

No. 01 ketl!l. 

1. 50 trees-a.veragE', 
girth 25m. .) 23 2· 1.5ft ) 20 8 I 0'56 0'29 

2. 50 _averag"l I 
girth 22 in, ,,21 2.· Hit \ 14 21 \ 4'53 0'21 

3. 3 trees previoUfJiy \ 
tapped I • 20 "il· 2:1 1 2 6 0'3 

These experiments were continued'during 1910, when 
two further groups, each containing eighty trees, were 
tapped in addition to the trees operated upon in the 
previous year. The tapping was don~ every al~mll.te 
day from September 19 to December 31, with the excep. 
tion of a break of three days from Septem~r 27 to 29. 
The results are summarised below: ' 

AV(!I"ai''''Rlrth TutalrMldoi Aftf1ijJ.y1tId 
!'O'u,oltrees. at 'I ft. (rom T.pplng 1I) .. tern. dry rubbt:r. Q( dry rubtMlt 

ground. pertnM. 

tn. lb. .. , lb • ... 
60 30'5 Single herringbone 01 9 I 3'7 
50 31'35 DouMa herringbone 63 4 I "2 
80 26'15 Single herringbone 68 13 1S'78 
80 27'SI Double herringbone 88 6 13"24 

250 269 16 lib. • 
Tapping was commenced during 1911 at Messrs. 

Miller Brothers' plantetion a.t Sapere, 300 of the largest­
five-year-Qld treell which were 22'82 in. in average girt~ 
being selected for the purpose. The trees were divided 
into three·groups of 100 each, which were tepped to I 

height of 61 ft. over one-quarter, one-third. and ofl&..hail 
of the circumference respectively, the lateral b&isioru 
being made 12 in. apart. The tapping was perfOl'DltlC 

• First lappina. 

t not ,..pping. • 
lll$h Md 17th tappiDco. . ' 

1~~ ___ e9os."'drytabber.lu '~.luA"'-

» llI$h tapping. 
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every third day, and it was ·8.lTanged that it should 
cease in the three groups when 12, 9, and 6 in. of bark 
had been excised, in order that the whole of the original 
bark should not be removed before the end of four 
years. The following figures showing the progress of the 
experiments have been published: 

No.oft:tee.. I ,"rl'8.o(, II No, of !T()ta.lyit'IJ \1 ~;:~~~ l.ri!l~e~:l')' 
trunk t:.J.ppingl! I of dry drj rubber I rubber Ilt!t 

( '-lJped. \. I rubber. i per tree trt'fl,llt each _______ ' ______ I ___ ~ 

'1 1 \ 63 I ;~3 ~'i I ~b 5?;2 1\ O~;4 100 
100 
100 

. * 63 1141 3 11 6'59 0'36 

. • t 37 87121[ 14'05\ 0'38 

It will be noticed that there was very little difference 
in the <yield of rl!bber per tapping whether the incisions 
extended over one-fourth, one· third, or- one-half of the 
circumference. 

The results of these trial tappings of Para trees in 
Southern Nigeria must be regarded as very satisf"",tory. 
Eighteen- and nineteen-year-old trees at Ebute :Atetta 
have furnished 3 to <lIb. of rubber during seven months, 
whilst fourteen-year-old trees at Calabar gave 2 lb. 5 oz. 
of rubber each when tapped from June 1910 to February 
1911. At Orugbo 260 nine-year-old trees gave an average 
of 1 lb. of rubber in three and a half months, and at 
Sapele 200 five-year-old trees, tapped for the first time, 
fprnished over Ii lb. each, from sixty-three tappings 
every third day. These figures compare favourably 
with those recorded in the East, and promise well for 
the success of the industry in Southern Nigeria. 

GOLD COAST.-A number of tapping experiments 
have been conducted in the Gold Coast on Para trees 
growing at Aburi and Tarquah, and the results obtained 
are given in the following account: 

At Aburi fourteen trees planted 15 ft. by 15 ft. in 
c 1900 and 1901 were tapped by the half-spiral system 

three times a week from l':l'ovember 19 to December 31, 
1908, and gave 2 lb. 81 oz. of dry rubber. "This yield is 
equivalent to 2'9 oz. of dry robber per tree in eighteen 
tappings extending over six weeks, or 0'16 OlL per tree 

J*~" ',_!',\".-/ 
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During 1909 furt.her tapping experiments were carrlt'!! 
out at Aburi on groups of Para. trees 25 in. or more in 
average girth a.t 3 ft. from the ground, and the results 
are summa.rised in the following table: 

I So,oJ Il.r'j,~~f I A;~~e ~;:11· 
• No. of ~~ Sy~t('m of t.ll'f'Mwl tappiLl~I'.· dry I ytellllltlf ~:~ 

-----_\, \.~.__::__ ~ 
I. 15 t",oo, aver. I I· . \0, ." ! I ." 

age gIrth 27 m l V mClSlOUS 14 ill i :Lj 0'18 
II. 15 troc,'fI, aver· , 

age girth 28'6 in.! Lllrgfl V incision.'; : I 
I 

and poring I 20 .' 5i i 4'62 0'23 
111.14 trOO8, ·a.vor- 1 ' 

ago girth 25 in. 1 Halr spiral I 20 I 4 51: 4 '98 1 0'25 

These experiments were continued 4uring 19 III a.nd 
1911 on four groups of trees, which were tapped every 
other day for periods of seVen to ten months tl.uring 1910 
and throughout the following year. The results obta.ined 
are summarised below: 

No. oftrflflS. I 1'ot1!.1 ATen.le I &;::it. 
A"~~ R.r .. t~lnQt :1\(1,01 .',".',', ~!j~'~ ::!b~ 
girth'l tal';:rl.ng. tBppll\IllI. t\ tr 

ruMXtr. t':~';;:. I !f': ____ \__ I ta{>plDv. 

m. 1----1 . lib os. 1

1
--;;;:-;;- ... 

I. 24 tree9 : 
1910 

IGllt 
II. 10 tr ... , 

1910 

19111 
In. 15 trees : 

1910 

1911 
IV. 26t •••• " 

1910 

1911 

26 Hall Spiro! \' f S
6 dUrmg} 129 9 1 3'7 0'23 ) t7 months I I 

29'6 I Do. 131 t I U 3t: 1 12'3 0'2i 

24 jHalfSPinrJ {129 during"31 II 12 1'8 0'28 
IV montlJII'1 I I 

28 Do. 1 )1)2 ! 32 11112 6" 0'2' 

26' jlV jneisions ;f 130during)' 39 1 Ii 2'% I 0'26 
I" and paring \\10 monthsJ ... 

60 Do. I 152 ' 31 12 : 2 2 , 0'22 

27' , V inc;';~ns ! i S9 during} ! 60 12 i 1 3'; I 0'22 
~ ! and parmg I t i months ill 

60. I Do. . .151 160 0 12 I) 1 0'21 

• Thf!!Je. were the 14. trees tapped in 1908; ~see p. J 3,) .. 
t 25 ..... tapped in 1911 • 
• TappiDs discontinued November 9. 1911. 
f 14"'- tapped in 1911. • 

10 
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The trees which were tappe6 continuously throughout 
1911 maintained as healthy an appearance as those not 
tapped; they continued to give a good yield of rubber 
and the renewal of the bark was satisfactory. Iu 
Groups II., III. and IV. the average yield of rubber per 
tree from 152 tappings was 2 lb. 1·9 oz. All the original 
bark of the trees of Group II., which were tapped for 
the first time in 1008, was used up during 1911, and the 
average yield of rubber per tree was 5 lb. 1 t oz. from 
320 tappings during the four years. The renewed bark 
is now being tapped, and the results indicate a better 
return than frolll the original bark. 

A series of tapping experinlents was conducted at 
Tarquah during November 1009 on a number of Para 
trees plant<>d in June 1004. Fiftren trees of 25 in. 
avera~e girth were tapped by means of three half-spirals 
(onnoot<>d by a .ertical channel; the tapping Wlls done 
twelve tim<;s on alternate days, and yielded 2 lb. 8 oz. 
of dry biscuit rubber. Fifteen other trees of 25·8 in. 
average girth were tapped by means of three large V's 
connected by a vertical cbannel; the tapping was done 
twelve times as before, on alternat<> days, and yielded 
2 lb. 10 oz. of dry biscuit rubber. The yield of rubber 
from the two experiments was 5 lb. 2 oz. of dry biscuit 
and 12 oz. of scrap, giving a t{)tal of 5 lb. 14 oz., an 
average of 3·13 oz. per tree for twelve tappings, extending 
over twenty-three'days, or 0·26 oz. per tree per tapping. 

The same thirty troos were again tapped every alt<>r­
nate day, except SWldays, from :March to December 11110, 
and gave the following, results: 

Bo.oIlr1M1., System of 
tapping. 

L ~ tr;;:t::!'· Hall epiral 127 
n. 16_. avge. I,.,.ge V 

girth 3().! in. and _ing 1~8 

53 

611 

20 11i 

18 /if 

1 6 0·17 

Sf 0·1. 
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was 100 lb. 2 oz., equal ~ an average yield of 31 lb. per 
tree. 

Tapping on a larger scale was also commenced at 
Tarquah during 1910. 1,002 six-year-old trees, growing 
12 by 12 ft. apart, were tapped regularly from July 28 
to December 31, twioo a week from July 28 to October 8, 

• and three times a week during the remaining period. 
The following results were obtained : 

A.""" IN b ,'."" I AT""". 
A;r 

No. of tnM, 
Itlrtb&t. • U:f III' Sl'teltlof yield tot.\ ..,.,.. 
~~~ tapplnge. 

u.pptng. oldry yf,ld .touch ruhber. pet tree. _1DIr, 

;n, , ';i IT .. , 
1,002 21i IS4 HaIl.plral 0'16 

The tapping was continued throu7!hout 19t1, the 
trees being tapped every alternate day e:mept during 
March and April. The total yield of rubber obtained 
was 1,224t lb" or nearly It lb. per tree, from I16V£\ll-yea.r­
old trees in ten months' tapping. 

It will be evident from these results that the Para tree 
has given very satisfactory yields of rubber in the Gold 
Coast. At Aburl, trees have furnished over 2 lb. of 
rubber per tree per annum, and at Tarquah 3\ lb. of 
rubber per tree have been obtained in a year's tapping. 
The cultivation of Para. trees in the Gold Coast therefore 
promises to be very sucoossful, especially in situations 
such as Tarquah, where the conditions are favourable to 
the growth of the trees. 

UGAlIDA.-Series of tapping experiments have been 
conducted on the Para trees growing at Entsbbe by 
Mr. R. Fyffe of the Forestry Department, &lid the follow­
ing details will be of interest : 

1. In November 1908 a seven-YeaN>ld tree (261 in. 
in girth) and a four-year-old tree (18i in. in gIrtJI) _ 
tapped to a height of 6 ft., the older tree by the Bpira1 
system and the younger by herringbone incisions. The· 
u- were tapped twenty-Dhte times on altemate day., 
the duration of the experiments being flIty-nine daya. 
'J."Ia total yield of dry rubber obtained during tbia period 
waa • I os. ~m the seven-year-old tree lUI6l "3 os. from 
the fwr-year-oJd tree. The yotmgI!Il' tree 86W more 

• 
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latex than the older tree, but the amount of dry rubber 
obtained from it Was slightly less. 

After resting two months these two trees were again 
tapped in April 1909. the ta.pping being done by the same 
systems as in the first experiment; the older tree was, 
however, tapped to a beigllt of 21 ft. on til;. occasion, 
and t.he younger tree only to 6 ft. as before. Forty­
eight tappings Were made in each case on alternate 
days, covering a period' of ninety-six days. The total 
yield of dry rubber was 7'1 oz. from the seven-year-old 
tree and 6'6 oz. from the four-year-old tree. 

In these two series of tapping exp<>riments the trees 
were first tapped om alternate day. for two months, then 
allowed to rest for two months, and again tapped on 
alternate days for three months. Combining the results 
obtainlld it will be found that the scvcn-year-old tree 
yi'llded H'S oZ. bd the four-year-old trcc 10'9 oz. of 
dry rubber .in seven months, dnring two of which no 
tapping was performed. 

2. During 1909 four Para trees, four years old, were 
tapped to a height of 6 ft. by different methods, viz. 
herringbone, spiral, oblique cuts and V -cuts, in order 
to determine the respective yields. They were tapped 
every alternate day until the yields began to decrease, 
and the results obtained were as follows: 

System 01 I 'Kum~rot Totalyidd A nrage yield of 
dryrubtJerl1~ t.aJ>ping. Umes tapped. 01 dry l'1lbbe"r, each tapping • 

. 1 
... en . 

J. Herringbone 15 2'25 0'15 
2. Spiral . 

: I 
43 3'06 0'07 

3. Oblique cuts 43 5'25 0'12 
4. V-cuts 43 6'20 0'14 

The tree ·(No. 1) tapped by the herringbone method 
furnished a large quantity of latex for some time, but the 
flow eeased entirely after it had been tapped fifteen 
times. 'The yield of dry rubber from the tree No. 2 

, tapped by the spiral method was small, but the yields 
from trees Nos. 3 and 4, wel'6 very satisfactory, amounting 
to 0'25 oz. and 6'20 oz. of dry rubber respectively during 
a period of just under three months . 

• 3. In 1910.seven trees, &ix of whioh were five yea.rs 
old ~"ttlII other eigh~ years old, were tapped thirty 
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times on alterna.t.e days' to a height of 6 ft. Five of 
the.-" trees had been UBed for the previous experiment.., 
The same systems of tapping were employed as bdore, but 
in addition the half-herringbone method was also tried. 
The returns from the individual troes were not kept 
separate in this case, but the total yield of dry rubber 
from the seven trees was 2'3; lb., equal to 5'4 oz. per 
tree during a period of two months. 

4. During the latter pHrt 01" 1910 all the Para. trees 
in the Gardens having a girth of IS in. or over at 3 ft. 
from the ground were tapped. The number of tre<'s 
was 118; they were five to six years old and had an 
average girth of 201 ill., the largest ",easuring 28 in. and 
the smallest 18 in. Th(. tapping was done on the half­
herringbone system to a height of 5 ft. and was continued 
on alternate days for four months, each tree being 
tapped fifty-two times. The total yield of dry "rubber 
from the llS trees was 50' 3 lb .• equivalent to a yield of 
6' S oz. per tree during a period of four months. 

5. A further experiment with 164 trees in the Gardens 
was conducted from January 1 to March 31. Hill. The 
trees were tapped forty-one times on alternate day •• 
and yielded 134 lb. of dry rubber. equal to an average 
yield of 13'07 oz. per tree in three months. 

The yields of rubber obtained in these experiments are 
very promising, and if they are maintained when the 
tree. are tapped regularly for longer periods, the return 
will be very satisfactory. 

BeLOlAN CONGo.-The result.. of a number of tapping 
experiments on Para trees growing in the Belgian Congo 
have been recorded and are summarised in the follOWing 
table: -. 
Mayumbe 

~ . .. 
()oquiIbatvm. 
TIaonbi • 

i 
') 

y..,... 
10 
10 
10 
10 
II 
II 

1-1-' 1b m m 
3() o 10l Q'35 
10 o 3t I 0'31i durJbg 28 cia,.. 06-
40 3 5 1'32 
11 e Ii 0'" 

10("""'7 0 8 I 
O'3() 

-day) 
" 
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Composition of Para Rubber' from Cultivated TEees.­
The Para rubber prepared on the plantations in the 
East is of a very high degree of purity. Very little 
moisture or ash is present, and the percentages of resin 
and protein are usuaJly low, with the result that the 
rubber may contain as much as 95 or 96 per cent. of 
caoutchouc. The following &n&lyses made at the Imperi&l 
Institute will illustrate the composition of specimens 
from different countries ~ 

j Ducrlption 
Composition of dry washed rubber. 

O .... ",y. of rubber. 
QJ,out-

ne~in. Protein. ..,.. 
cboUl.". 

Percent . ['erl'f.lnt . Percent . Percent. 
Ceylon Biscuits 96'7 1'7 1'4 0'2 

" . " 
96'6 1'6 1'6 0'2 

" 
.. 

" 
96'4 l'S 1'6 0'2 

" " 
96'0 1'6 2'1 0"3 

" . 
crePe 

95'S 2'2 I'S 0'2 

" 94'0 2'6 3'0 0'4 

" " 94'0 2'7 2'S O'S 

lndi:. : p,J.tripe 
92'7 3'1 3'7 0'5 

Burma 04'3 3'2 2'2 0'3 

" " Crepe 93'6 3'1 3'0 0'3 

" " Smoked tripe 92'S 3'6 3'1 0'5 

" " Dark;;"6pe 
90'0 S'I 2'9 4'1) 

" " 
92-0 2'5 3'S 1'7 

" " Scrap 0<6pe 92'1 2'S 3'3 I'S 

" N;igu.;. 
Sheet 95'7 1'6 2'4 0'3 

" 
Biscuit. 92'S 2'6 3'0 1'6 

F.,d.;r..ted'Malay States Sh~t 
91'9 311 3'7 0'5 
OO'S 1'0 1'4 0'2 

" " Biscuita 116'0 1'4 2'1 0'5 

" " Shoet 95'S I'S 2'1 0'3 .. " B~ta 
95'S I'S 2" 0'3 .. .. 05'2 2"2 2'3 0'3 .. " crepe 94'S 2'7 2'3 0'£ .. " " 
04'0 3'0 2'9 O'J 

:Pap~ " Sh';'t 
92'0 3'6 3'2 0'3 
95'7 2'S 1'3 0'2 

8eycholleo Cak .. 93'1 3'1 3'0 0'2 .. Biscuits 93'S 2'6 3'5 0'1 

Soutb.m ,NJi.,na : " 
IW6 '2'S 2'3 0"3 

" OS'S 1'7 2'J 0'4 .. " " 
OS'6 1'7 2'3 0" .. .. .. 9211 "9 111 0'3 

" " " 
93'8 3'6 2'3 0'4 

~ " . .. 114"1 8"1, 2'0 o-s 
" 

0411 8"2 1" 0", 

DaaIi..ioa .. 9211 3"1 2'7 Oil . .. 93" 4"2 J'J 0"8 . 



CHAPTER" X 

THE CEARA RUBBER TREE, 

MAN/HOT GL.4ZI01'Il, MULL. ARG. 
I 

Species of Manihot.-The Ceara rubber tree and its re­
cently discovered allies arc nath-cs of north-eastern Brazil 
and furnish the rubber known as Manic;oba in that CQP1Itry. 
Until 1901 it was believed that ftfanihotO/azicwii was $.e 
only rubber-yielding species of the genus, \lut in that 
year Professor LOfgren, the Director of the Botanic 
Gardens at Silo Paulo, found that Manihot t>iolacea, 
!Iiill. Arg., also yields rubber of good quality. This 
plant, however, is of herbaceous character and has not 
becom.e of importance as a source of rubber. Subse­
quently to this discovery attention Wall drawn to the 
Manic;oba rubber trees o~'Curring in Bahia by the very 
large increase in the exports of Mauic;oba rubber from 
that State, which rose from about 24 tons in 1901 to 
1,4« tons and 1,410 tons in 1905 and 1906 respectively. 
As the result of the inquiries which were made it Wall 

found that the increased production was due to the 
exploitation of species of Manihot other than M. 
Glazicwii; and Professor UJe, who investigated the ques­
tion on the spot at the request of the .8atIia Rubber 
Syndicate, was able to establish the existence in north­
eastern Brazil of three new rubber-yielding Manihots, 
which were named M. dichotoma, Ule, M. hepllJpliylia, UJe, 
and M. pio.tthyeMi8, UJe. . ' 

In 1906 specimens of seeds, described as thoee of the 
~..Ms.Y.~ (.A.;t, .w~/~ ~ ._'Md &J K~ 
and both seeds and plants raised therefrom were dis­
tnDated to a number of British Colonies lor trial. Sub­
II&q er. iy seeds of M. hepllJplitifla and 1(. piav4gemia 
were obtained, and the three I!BW species are at ~t 

117 
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• undergoing trial in several countries for comparison with 

M. Glaziovii. • 
In the following account the Ceara tree (M. Glaziovii) 

is first dealt with, and then a short description is given 
of the new species. 

Botanical Cbazacters.-The Ceara rubber tree was first 
described in 1874 by J . Miiller, who namec} it Manilla! • 
Glaziovii after it-s discpverer, Dr. GlllSiou, a French 
botanist. It belongs, like the Para tree, to the natural 
order Euphorbiaccae, and is a moderate-sized tree 30 
to 50 ft. higb with an erect stem 8 to 20 in. in diameter. 
As a rule the branches are numerous and spreading, 
forming a denae, r<1Undcd crown, but in some trees only 
a few erect branches are developed. The bark is thin, 
purple-grey, and the outer silvery layers Can be readily 
stripped off. T~c lca.\'es are pr.lmate, the lobes being 
dooply cut and varyDlg in Dumber from tbree to nine ill 
leaves on t"'e same tree; tbey are of thin texture, smooth 
on both surfaces, dark bluish-green above and paler 
beneath. The flOWCfS, which are rather large, are uni­
sexual and both male and female occur in the same 
raceme. The fruit is a three-celled capsule, each cell 
containing a. single seed; it is nearly glc-bular, and when 
ripe is hard and dry, splitting to release the seeds. The 
latter are plano-convex in shape and have a thick, hard 
seed-coat, the outer layer of which is smooth and shiny, 
varying in colour from grey to dark brown and mottled 
with purplish-black patches. (See Plate V.) 

DDlribnlioo.-In Brazil M anihot Gloziovii is most 
abundant in the States of Ceara, Piauhy, and Bahia. 
Cross, who visited the State of Ceara in 1876 in the course 
of his journey through South America for the purpose of 
collecting .rubber seeds and plants for the Government 
of India, found the tree growing freely in the Bat country 
lying between the town of Ceara. on the coast and the 
mountt-ins, where the elevation was not more than 200 ft. 
The climate of ·this region is very dry and arid for .. con­
siderable portion of the year, and many of the crops can 
only be grown by irrigatic5n. The rainy season extends 
from November to Mayor June, but it is stated that 
in 80DIe yean very little rain falls. The daily temperature 
recorded on .the cout ranged from 82° to 85° E., but 
en. ~ !.bat in the inrerior it was often 90° F. 
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The soil of the district"is generally poor, but the tl"i'C 
appears to thrive in such conditions; in places it was 
found growing on soft sandstone, gravel, or amongst 
boulders of grey granite. 

Some further ohst'rvatiolls Oil the natural conditions 
under which the Ceara tree occurs in north.eastern Brazil 
have been publish"d by BifIcn, who vi.ited the country 
in 1897. He found the tree !l{owing well under a very 
wide rauge of conditions; on the desert plains where 
the annual rainfall is stated to be less than 50 in. and 
tbe vegetation is scorched for the greater part of the 
year, and also on Ib(. hillsides in poor and rocky soils 
up to elevations of about :1,5(10 r.., where the rainfall 
is probably ovcr 100 ill. pcr annum and the temperature 
at night falls below 60° F. The tree WIIB never found 
growing in marshy soil, and it appeared to tbr~ve best 
in rather scanty soil amongst granite· boulders. • 

It is stated that hoar frost is expericlI.md at night 
in some districts of Brazil wbere Ceara trees oecur, and 
that they will grow equally well in a dry or humid atmo­
sphere prOVided tbat the soil is not wet. 

Collection of the Rubber in Brazil.-Ceara. trees are 
usually tapped in Brazil for seVen to eight weeks during 
the year, the tapping being sometimes divided into two 
periods with an interval between. It is stated that in 
Ceara the tapping is usually conducted during the dry 
season, whieh extends from June to November. In" 
Bahia the trees occur in two distinct wnes, oue of which 
is hot and dry, whilst the other is more humid. In 
the dry zone the best time for tapping is ""id to be 
between Octcber and April, whereas in the humid 
zone September to January is the most favourable 
period. • 

The tapping is performed in a number of ways, of 
which the following are the most important: 

(1) The soil is removed from the base of the tree 80 
as to expose the roots, a.nd incisions are then "made on 
the roots and on the lower portion of the stem. In 801Il(P 

cases only lIDJAIl incisions are made, it being stated thet 
the latex lI.ow8 better from small than. from le.rge cuts, 
b1& in others le.rge V incisions are used. The hole in the 
80il made in exposing the roots I!CrVe8 to w>llect the latex, 
and is frequently lined with clay in order to preVent 
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the contamination of the rubbe~ with earthy impurities. 
The tapping is usually performed every morning, and the 
latex from the successive tappings is allowed t{) accumu­
late in the hole where it slowly coagulates. ' At intervals 
the flat cake of rubber which is formed in the hole is 
removed, washed, pressed, and dried, 

Sometimes the coagulation of the latex is accelerated 
by placing water or a solution of .alt or alum in the hole 
before tapping the tree" In other cases the latex is 
collected in tin or clay cups and is afterwards coagulated 
by one of the methods just mentioned, or by a smoking 
process similar to that employed in the preparation of 
Para rubber, I 

(2) The trunk of the tree is tapped by first stripping 
off the outer bark and then making a series of incisions 
by me",," of a small axe or a knife. The latex which 
exujies either coa~ulates on the stem, or, if very fluid, 
runs down tq the base of the tree and coagulates on the 
ground or on leaves placed to receive it. The rubber 
obtained by this method is in the form of scrap, and if 
coagulated on the ground it is liable to be contaminated 
with Boil. 

Muoh of the Ceara rubber prepared in Brazil from the 
wild trees is of inferior quality on account of the careless 
methods of preparation employed. 

No trustworthy estimate is available as to the average 
annual yield of rubber from wild Ceara trees. It has 
been stated to be as much as 1 to 3 lb. per annum, whilst, 
on the other hand, the average for several seasons, good 
and bad, has been plaoed at about 4 oz. per tree. 

Caltivation of the Ceara Tree.-The introduction of 
Manihot Glaziovii into countries outside its natural 
habitat dates from 1876, when Cross brought to Kew 
a number of the living plants and a quantity of the seed 
which he had collected in Ceara. Plants were raised 
at Kew from the seed thus obtained and were distributed 
during tile next two years to the various botanic stations 
m the Colonies for trial. In most places the plants 
grew exceedingly well and it was soon fOUJ¥l that the 
Ceam tree could be readily eultivated, as it is Wl"Y hardy. 
a qllicl power. and capable of adapting itself to Wl"Y 
vcio4 ~ of climate and soil. The trees prod _ 
__ ,. ... early ... *Ad ¥ the ~ retain their 

:~! ,'> ' .' 
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vitality for long periods the propagation of the pOOt is 
rendered easy. As a result of these favoura.ble fel>iures 
Ja.rge numbers of the trees were pmnted in VIlrioua 
countries, particule.rly in Ceylon, ..nd high hopes wore 
entert..ined .." to the probable value of cultivated Ceara 
treee 88 a source of rubber. Tbe results of tapping trials 
were, however, uniformly disappointing, the amount of 
rubber obtained being small, and pOOters gr..du..lly lost 
interest in the trees, whioh, flJthough growing well, 
would appe.rently not furnish a remunerative yield of 
rubber. 

More recently, however, the Ceara tree has again 
come into prominence for cultivatiOl~ purposes in certain 
countries, as it can be grown in dry situations where other 
rubber trees will not thrive, and, with the introduction 
of methods of tapping suited to its peculiarities, it has 
been found that remunerative yields ttl rubber 'ban be 
obtained. Large numbers of the trees are. at present 
under cultivation in Brazil, East Afrioa, Southern India, 
and other countries, and are furnishing rubber of excellent 
quality, which realises very good prices in the market. 

Climatic Conditions and 8oU.-Tbe conditions under 
which Ceara trees arc found growing in Brazil have been 
aireMy described, and reference may now he roMe to 
the behaviour of the trees under cultivation in other 
parts of the tropics. 

Ceara treee can he grown BUceessfully in a moderately 
dry climate with a rainfall of about 40 in. per annum, 
but they will also do well in a humid atmosphere, with 
a rainfall of 100 in. or more, provided that the soil is 
not permanently wet. This mtter point is of considerable 
importance in connection with the cultivation of Ceara 
treee, which will grow upon almost any soil except a wet 
oue. The treee do well in favourable situations in 
countries which have " hot dry season of iolll' or live 
montha' duration and they also withstand considerable 
variations in temperature. It is these fe&turelt which 
render the Ceara tree of special value for cultivation in 
dey distr,icts.8uch as those ~ East Africa. 

In Ceylon the Ceara tree grows very freely, alm08t 
.J.iqa WIl4!d, on all kinds of soil np to elevatlons of 3.000 ft. 
and u..der rainfalls of 30 to 200 in: ~ annum. In 
Uganda it is being cultivated SUCCtIIII!InII/ at elevatlmw 
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of about 4,000 ft. with an ttverage annual rainfall of 
60 in. and a mean temperature of 73° F., the difference 
between the day and night temperature being about 
30° F. 

In N ya.saland, Ceara trees do not give satisfactory 
results if grown on light, sandy soils, with a rainfall of 
under 40 in. per annum, unless the trees are planted 
along streams or on alluvial Bats near a river where the 
roots can reach water.' A moderately humid climate 
has been found to be advantageous to the growth of 
the trees and also to their survival on tapping. In 
order to ohtain r~muneratiye yields of rubber from 
CPAlra trees in Ny¥aland they must be grown on rich 
soil with a heavy rainfall, and these conditions are 
only obtained in certain districts. The Ceara tree can, 
theref~rc, only be cultivated successfully in parts of the 
Protectorate. • 

1n the E;lst Africa Protectorate, Ceara trees have been 
principally planted in the coastal districts where the 
rainfall varies from 45 to 70 in. per annum and the tem­
perature from 70° to 88° F. A well-drained, fairly rich 
loamy soil, in a somewhat sheltered position is preferred 
for the plantations. 

Manihot Glaziovii has also been introduced into all the 
British Colonies and Protectorates in West Africa, and 
except in very wet situations the trees have usually 
made good growth. Owing, however, to the smaIl 
yields of rubber which were obtained from the first 
1llppiJlgi<, little iJlteJ"{;st, hns been taken, until recently, 
in the trees and their possibilities for purposes of cultiva.­
Hon. It is probable that Ceara trees may be worth 
planting in the drier districts of West, Africa. 

FormaliOJ! of PlantaliODS.-In selecting a site for the 
cnltivation of Ceara trees a sheltered position should be 
chosen if possible, as the trees are liable to be blown down 
or broken if exposed to strong winds. In BOrne cases 
the pblnting of belts of other trees as wind breaks is 

, advisable to protect the pl&lltation. 
The land is cleared in ttie usual mann~ &lid parallel 

lines are laid out at t.he distance apart which is to be 
adopted in planting. Holes, 18 in. square and 18 in. 
dtIep, are map, and filled wit·h surface soil fQ!' tile w- • 
~~;'thO plants.. 
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CAlara treC<! are geneml!y grown at distancCll vnrying 
from 6 ft. by 6 ft. to ltI ft. by 16 ft. In Brazil the trees 
are usually planted very closely, about 6 ft. by 6 ft. or 
1,000 trees to the acre. In German East Africa 10 ft. 
by 10 ft. was formerly adopted, giving 435 trees per acre, 
but wider planting (about :lOO trees per acre) is now usual. 
In the East Africa Protectorate and Nyasalalld 12 ft. by 
12 ft., giving 300 trees per a<',"", is customary. On some 
estates in N Yl1saland, Iww"v~r, tilT! trel'S ha vo been planted 
9 ft. by 9 ft., or 540 pl'r acre, and it is stateu that if the soil 
is sufiicit'ntly rich to carry such a number of tn,e" the 
plan i< au'"antageous, as the den>c ,hade whieh ffi quickly 
formed serves not only to protect. th,. soil from exposure 
to the sun and to check the growth of weeds, but also 
prevents the bark of the trces from being scorched, and 
renders it possible to tap further iuto the dry seaso~ than 
when the trees are more widely Rpaced~ In some ~~s 
Ceara. trees have been planted in East Africa 6 ft. by 
12 ft., or 6 ft. by 6 ft., and the surplus trees tapped to 
death after two years and cut out. 

j[anihol Glaziavii is IIsually propagated from seed, 
large quantities of which are produced by the trcClI at 
an early age. Seed for planting purposes should bo care­
fully selected from trees which give a good yield of latex 
and are at leaBt three or four years old. It is stated 
that seed from yO\lllger trees docs not produce such 
vigorous plants. The seed. is either planted "at 
stake" in the positions which the trees are to occupy, 
or it is sown in nurseries and the seedlings trans­
planted. 

The met,hod of sowing the seed at stake, two or three 
seeds being plaeed in each hole and the surplus plants 
removed subsequently, has been adopted .largely in 
Nyasaland and German East Africa, and is said to give 
very good results if the sowing is done at the proper time, 
viz. at the beginning of the min... In Nyasaland it has 
been found that if the seeds are sown early in t~ rainy 
season the plants are sufficiently grown to take care of • 
theIlll!elves w.ben the dry SfJILSOn arrives, and do not 
require watering or shade. _ 

H the plants are to be raised in nurseries, beds are 
prepared in a sheltered position, bnt eXJlOSlld to the sun. 
and the seeds are sown a few inches apart and about j .ia. 

• 
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deep. The bed should be watered regularly in order to 
keep the soil moist. 

Germination is freqnently slow, especially with fresh 
seed, and it is sometimes songht to aceelerate it by soak­
ing the seed in water; by filing through the hard seed­
coat at the narrow end of the seed before sowing; or by 
placing the seeds in a hot bed and transferring them to 
the nursery bed as soon as germination has begnn. With 
reference to t.l1O first plim, however, a series of experi­
ments made in German East Africa showed that soaking 
the seed in water for varying periods had no influen~ 
on the rate of germination. If the filing method is 
adopted care must \>e taken that the embryo of the seed 
is not damaged; the seed-coat should be only just filed 
through. It is stated that seed which has been kept 
for onr or two years germinates quite readily and gives 
gopd results. • 

The seeillings are planted out when they are from a 
few inches to 2 ft. high, and the transplanting should 
always be done when the ground is moist after rain. 
Stumping the larger seedlings is not necessary, but is 
adopted by some planters, the stems being cut back to 
about 10 in. A plant is placed in-each of the prepared 
holes and the soil pressed firmly round the roots. 

The plantation will require weeding for the first two 
or three years, and during this period catch crops, con­
sisting of cotton, maize, beans, sesame or ground nuts, 
are sometimes grown between the rows if the trees 
are planted sufficiently widely. In NyasaJand it is 
thought that the trees benefit by being thoroughly 
cultivated up to the fourth year, as a very marked 
improvement has been observed in the results given by 
such trees. , 

In some cases cultivated Ceara trees show a tendency 
to branch low down, and when this occurs, early pruning 
is ue<Je!!8&lY in order to obtain a good erect stem for 
tappmg. 

oa.t of lIItabNbjng PJautations.-The following esti­
mate has been given of the cost of eetaNishing Ceara 
pJantatiowl in the East Africa Protectorate. The ex­
pelII!I8 of cleariDg will vary with the nature of "the Jand. 
!fad. tile estintat& assumes that the Ilite is fairly free from 
~~'1~;"'~~:'1 ~ 
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Cost of clearing (native labour, 
etc.) 

Holing 
Rearing plants in nursery and 

planting out 
• W ceding and cleaning for first 

three vears • 
Sundries (filling in vp,cancies, etc.) 

P ......... 

Rs.15 
5 

15 

30 
II 

Rs. 70 = £4 138. 411. 

Rate of Growth.-The Ccara tree' makes very rapid 
growth under favourable conditions, and the follOWing 
particulars will indicate the rate of development inl"veral 
countries: • 

BRAzIL.-Biffen state ... that one-year-old J)eara trees 
which he saw at Baturite were 10 to 12 ft. high, and that 
trees five to six years old and ready for tapping are about 
25 ft. high with trunks 8 to 9 in. in diameter. 

llGA..'<DA.-At the Government Plantat.ion at Kampala 
twenty Ceara trees planted in November 19011 were 
found to have an av~rage girtlt of 16'45 in. at 3 ft. from 
the ground in November 1911, and 17'32 in. in March 
1912. A second group of twenty trees, also planted in 
November 1909, had an average girth of 15'6 in. in 
March 1912. 

Three eight-year-old trees growing in the Botanic 
Gardens at Entebbe had an average girth of 30 in., the 
largest measuring 35 in. and the smallest 25 in. 

Ma.ny of the three-year-old trees in the Protectorate 
have attained a girth of over 20 in. at 3 ft. from the 
ground, whilst the largest cight-year-old trcc mea8ured 
just under 4 ft. in girth. The oldest Ceara trees in Uganda 
are growing on poor, stony soil, and measured 30 in. 
in girth when ten years old. • 

EAST AFRICA I'ROTECTORATE.-It is stated that Ceara 
trees growing, under favourabole conditions in the F..ast 
Africa Protectorate may attain a height of 8 to 10 ft. 
with a girth of 5 to 6 in. within a year from' planting out. 
Tbrce-y _ar-old trees at Kihwesi were 22 ft. hjgh, the trunk 
measuring 10 ft., and III in. in girth at 3 ft. from the 

• 
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ground. Equally good growtn is Sltid to ha.ve been 
obtained a.t severnl places in the coast belt. 

NYASALAND.-The following measurements have been 
l'<'corded for C"am trees growing in the West Nyasa 
district, which is one of the best in the Protectorate 
for rubber cultivation: 101 trees, 3* years old and planted 
15 ft. by 15 ft., had an average girth of I!l'43 in. at 3 ft. 
from the ground, the largest measuring 30 in. and the 
small,·"t 13 in.; 105 tree§, I! year old and planted 10 ft. 
by j(J ft., had an average girth of 10'66 in., the largest 
measuring 17 in. and the smallest 8 in. 

Tree. rai.cd from seed planted at stake on good deep 
red soil attained a height of 6 to 8 ft. within eight months 
after sowing, find whe 16 ft. high when eighteen months 
old. 

SOUTHERN NIQERIA.-Two tell"year"old trees growing 
Itt Cal~ar had !fIl avcrngc girth of 44 in., whilst seven 
eight"ycar"~d trees at the same place measured 31 in. in 
average girth. At Onitsha six Beven"year"old trees had 
an average girth of 33 in. 

Methods of Tspping.-The Ceara tree is more difficult 
to tap successfully than the Para tree, and most of the 
early tapping experiments, which were made by the 
methods then employed for the latter tree, gave un" 
favourable results both on a.eeount of the low yield of 
rubber and of the liability of killing the trees. The pecu­
liarities of the Ceara tree as regards its behaviour on 
tapping are better understood now, and methods have 
been devised which obviate the risk of damaging the 
trees whilst furnishing remunerative yields of rubber. 
It is stated, however, that in Ceylon no system of tapping 
has yet been found which is not liable to kill the trees, 
especially in districts where the rainfall does not exceed 
50 in., but' that owing t{) the very rapid growth of the 
trees this is a matter of little importance, as the place of 
any trees destroyed is speedily filled. 

The ~ethod of tapping to be employed for Ceara trees 
P depends very largely on the climatic conditions of the 

country, particularly as r<'garda the humidity. In dry 
countries the latex will not Bow freely w'hen incisions 
e.re made in the bark, but ooasuJatea on the stem, and the 
robber is obtained in the form of scrap. In this case the 
ta~,.Ia~ducted by.making a series of small incisions 

,"t., 
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with a knife or a pricke!, no bark being removed. In 
wetter districts, however, the trees can be tapped by 
the herringbone or some similar excision system, the latex 
being collected in bulk II.nd subsequently coagulat~d. 
Thus, for exAmplo, in GermllJl F..a.st Africa tho incision 
method can ruone be used in the northern districts, where­
as herringbone tapping can be adopted in til() .outh. In 
some districts of NYllsaland where dry wiutls occur 
during the tapping sca .. on, an e:tcision system of tapping 
has been found unsaliJ;!e.ctory, as the bark does not hea.l 
under such conditions, but dies back at the edg~s of tho 
cut and leaves the wood. 

Whichever of these two methods is to be employed, 
it is customary, except in the else of very young 
trees tapped by the incu.ion s'ystem, to strip off the 
outer layer of bark from the portion of the "tem which 
is to be tapped. This outcr bark, tlIthough ttin, is 
exeeedingly hard llJId very quickly takes th .. edge from 
the tapping tool; moreover, it becomes dotached from 
the inner bark in ple.ces, and. some latex is liable to be 
lost by running down between the two layer.!. The outer 
bark can be very easily stripped from the stem after 
making two vertical cuts at the sides of the portion of 
bark to be tapped. In this connection, however, it must 
be stated that sc<ne authoriti", consider the removal 
of the outer bark te be UlUlece_ry and likely to be 
detrimenta.l to the tree. 

The incision system of tapping most commonly used 
for Ceara trees is known as the "Lawa" method, from 
the name o( the estate in Gernw.n East Athca where it 
was first adopted, and is carried out as follows: 

The outer bark is removed from one-fourth or more of 
the circumference of the stem to a height of 6 ft., and 
the stripped surface is theu moistened. with tlie acid juice 
of a citrus fruit-limes, oranges, or Ielllona-in order to 
facilitate the coagulation of the latex.. Dilute acetic acid 
(2 per cent.) or a mixture of acctic and carbolic IWids, or 
a weak solution of eaJcium chloride, is alBo employed for 
the purpose, lIB well lIB an infvsion of the pulp of baobab 
fruits and trie juice of sisaJ leaves. A large number 
c;f amall horizontal incisions a.re then IIl&'Chl by stabbing 
Ilia bP-=k with the eDd of a thin-bladed knife having a 
4raight CII1tting edge. care being taIren thAt the OIlts do 

11 
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not penetrate too dpAlply. It ~ stated that a. chisel-edged 
tool is not 80 suitable for the purpose, as the cuts do 
not heal 80 quickly as those made with a thin-bladed 
knife. The incisions are usually made in vertical rows 
2 to 3 in. apart. A number of different forms of thin­
bladed prickers are also employed for making the in­
cisions in place of the knife. 

The latex exudes from the cuts, and in contact with 
the acid solution it qUicltly coagulates on the stem. The 
rubber thus formed can be collected after a short interval, 
the strips being either wound into balls or kept in the 
form of scrap, which may be suhsequently converted 
into crepe by meafIB of a washing machine. In some 
cases the rubber is collected by winding the strips on a. 
wooden roller, and then, after cutting the covering of 
rubbcr~along onc side, it is stripped off and converted into 
a flat cake by prllssure. 

When th..., Lcwa method is employed the trees may 
be tapped at frequent intervals, and the following plan 
is one of the systems which has been adopted in East 
Africa. One half of the tree is tapped every alterna.te 
day for two months and the tree is then allowed to rest 
for one month; the second half of the tree is then 
tapped every alternate day for two months and the tree 
is again allowed to rest for a month; the first half is then 
retapped as before, and so on. Strips of untapped bark 
from 3 to '" in. wide are left between the two tapping areas. 

Ceara trees can be lightly tapped by the Lewa method 
at a very early age, commencing about the end of the 
second year, and it has been claimed that trees thus 
treated give better yields of latex subsequently than if 
they are left untapped until four or five years old. 

In situations where the latex of Ceara trees flows 
more frt'ely, the herringbone system of tapping may be 
employed after the removal of the outer bark. Half 
of the tree is usually tapped at a time to a height of 6 ft., 
the Iat&ai incisions being made I ft. apart, and the single 
or double herringbone :is used according to the size of 
the tree. The flow of the'iatex is sometimllll facilitated 
by allowing a Blow etream of water containing a little 
ammonia to run down the mcisions from drip-tins; the 
JlI.tex . may alw be prevented from coagulating In tile 
colleo~iQlrl"p8 by the §liditinn of a little ammonia. . 
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Experiments have been ·made in Nyasaland and Ug .. uda 
to determine the effect of reopening the inoisions by 
means of a parer or a parer and pricker, 88 in the CIl!I6 

of Para trees, and very promising results have boon ob­
tained (see pp. 151-4). Great cu.re is, however, required 
in tapping by this method to avoid injuring the cambium, 
as the bark of Ceara trees is thinner than that of Para 
trees. 

JolUlson has introduced a mo<lified form of herringbone 
tapping based on his experiments with Ceara trees. The 
outer bark is removL'<l from one h .. lf of the troo to a height 
of 6 ft. and a vertical channel is cut at Ol1e side of the 
stripped area; six transverse cutlj, 1 ft. apart. ami 
the lowest 1 ft. from the ground, are then mude over 
the half of the trunk and the iatex is coUootod. Four 
days later six Illore lateral cuts are made betw~>en the 
first series; after four more days a third series of jiix 
incisions is made in the alternate space. loetween the 
first two series; .. nd finally, four days bter, six further 
cuts are m..de in the remaining spaces. 'l'he tree is then 
allowed to rest until the wounds have healed, when the 
opposite side of the tree is treated in the same way. the 
two halves being thus tapped alternately. Some results 
obtained by this method are given 011 p. 155. . 

Long vertical cuts have also been used successfully 
in Ny ..... land for tapping Ceara tr~8. and this method 
is stated to have given the best results in some experi­
ments conductod in Hawaii. The procedure adoptod 
in the latter case was to make a number of very shallow 
vertical incisions 4 to 5 in. apart in the bark; the next 
day the initial cuts were deepened so as to liberate the 
latex, and then th" incisions were reopened, always on 
the saIDe side, every day during the tapping, period. It 
is stated that very good yields of latex were obtained 
by tapping in this way, and that the bark healed rapidly 
from the side vi th~ cut which was not reopened. 

In Brazil cultivated Ceara trees are tapped by tt.e S&IDe 
methods as thooe employed for the wild trees (see p. 139) •• 

CoaguJatioa of tile Latez.-'!he latex of the Ceara tree 
is very easily. coagulated. It is first str!,ined to remove 
all mechanical impnrities and is then dilutod with water 
and allowed to stand for a few hours, or ..... ernight, until 
complete ooa.gulation baa taken place. Sometimes the 

• 
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diluted latex is rendered just' acid by the addition of 
acetic acid, but this is not necessary unless ammonia has 
been used in collecting it. This method is very con­
venient fer the preparation of the rubber in biscuit form. 
In order to obtain the best results the latex should be 
well diluted with water and the rubber obtained should 
be thoroughly washed. 

Yield 01 Rubber.-Considerable variation has been 
observed in the yield of'rubber furnished by cultivated 
Ceara trees of the same age growing in the same locality, 
and in order to obtain a trustworthy estimate for tho 
yield of a plantation it is necessary to take the average 
of a considerable number of trees. Thus, for example. 
in East Africa, single'trees nine to ten years old are stated 
to have yielded as much as 10 to 12 lb. of dry rubber in a 
year, whereas 1 lb. per annum is a high average yield 
from tct;es of thilf age, and the yield from plantations of 
trees three years old and upwards is about 4 oz. of dry 
rubber per tree annually. In the following account a. 
summa.ry is given of the yields obtained in different 
countries: 

BBAZIL.-The average yield of rubber from cultivated 
Ceara trees in Bra.zil has been given as 300 kilograms per 
hectare, and as the trees are usually planted a.bout 2,500 
to the hectare, this is eqnivalent to a little more than 
4 oz. per tree per annum. 

CEYLON.-The superintendent of an estate upon which 
a. large number of Ceara. trees are growing has expressed 
ihe op'mion ihai t to l )b. oi Ory rubber per tree is as 
much as the trees will yield annually, if they are to be 
tapped for long periods and retain their vitality. This 
ClItate has exported Ceara rubber sioee 1886. 

EAST AFRICA.-In G&man East Africa there are about 
60,000 acres of Ceara trees under cultivation, and Professor 
Zimmermann, of the Biologisch Landwirtschaftlicben 
Institut at Amani has published the follOWing figures as 
representing the average yields of dry rubber from tr,es 

• of different ages; 
"'" of __ 

y ...... 
4 
6 

." 

Kilograms" of rubber 
per hec_ 

liD 
100 
110 

lb . .." rubber 
per-. 

44 
88 

132 
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• Ag'olt ...... Kilognul\s of rubber lb. 01 rubboo 

y...,.. P"f hflOtaro. """ ...... 
7 2()() 176 
8 200 176 

The average n um ber of trees per hect<U'C is now about 
SOO, equal to 320 per acre. 

It ill anticipated that the Ceara trees in the East Africa 
Protectorate will furnish simila~ yields to those obtained 
in German Ea.st Afri"a. 

NYASALAND.--Except in c<'rtain favourable districts 
Ceara trees can only be tapped in Nyast\land during about 
six months of the year. In the greater part of the Pro­
tectorate there is practically no mintfor six months, and 
tapping is only possible during dry periods in the wet 
season and at the beginning of the dry season. If tho 
tapping is continued too far into the /).ry seasOIl it has 
heen found that the incisions do not beal and that the 
trees sutler in consequence. From the result.r of tappings 
carried out On a number of catatos it is thought th"t 
about 3 oz. of dry rabbet in six months may be con­
sidered as a good average yield from four-year-old Ceara 
trees in Nyasaland. 

On an estate near Blantyre 4-13 four-year-old trees, 
planted 15 ft. by 9 ft. and 12 ft. by 9 ft., were tapped 
twice within a month. 170 of the trees were less than 12 in. 
in girth at 3 ft. from the ground. and these yieldod42 oz. of 
dry rubber, or approximately i oz. each. The remaining 
273 trees, which varied from 12 to 19 in. in girth, 
yielded 356 oz. of dry rubber, or a.pproximatelyl! oz. per 
tree from the two tappings within a month. The cost of 
collection is stated to have been 4<l. per lb. of dry rubber. 

On another estate at Mlanie a number of two-and-a­
haIf-year-old trees, planted 9 ft. by 9 ft., wem tapped on 
alternate days and during a period of several weeks the 
average yield of rubber per tree at each tapping was 
0'09 oz. If this yield is continued it is probaQle tha.t 
5 or 6 oz. of dry rubber may be obtained per tree in six • 
months' tapping. 

On the Chitalika estate eighteen Ceara treee were 
tapJ'ed by the herringbone system, and the incisions 
......., "<lOpcIled. every alternate day by paring. The 
trues were tapped for a month, then aUo"ed to rest for 
&bout .. month, and 110 on. During five tapping periods • 

• 
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extending over t{)n months, the follOWing yields of wet 
rubber were obtaincd : 

Yield of 
wet rubber. > 

1st tapping period, 12 tappings (Nov.-Dec.) 56! 
2nd 13 " (Jan.-Feb.) 401 
3rd 14." (Apr.-May) 831 
4th 10 " (June-July) 551 
5th 13 (Aug.-S~pt.) 44i 

62 tappings 280i 

It was statoo th.tt the wet rubber lost approximately 
half its weight on drying. so that tho total yield of dry 
rubber, was about, 140 oz. or nearly 8 oz. por tree in the 
teV months. • 

It has ~n proved that in Nyasaland, ('..cara trees can 
be tapped when from two to three years old without 
injurious effects, and the rubber obtained from such 
trees is of good quality and realises a satisfactory price 
in the market. 

UGANDA.-A number of tapping experiments on Ceara 
trees growing in the Botanic Gardens at Entebbe and on 
an adjacent plantation were recently conducted by Fyffe 
and have given very interesting results. The trees were 
tapped by the half-herringbone system, and the incisions 
were reopened every alternate day by paring and pricking, 
as in the case of Pam trees. Much better yields of rubber 
were obtained by this method than by the Lowa process, 
and it was stated that trees which had been tapped more 
or less regularly by this system for thirteen months 
showed no. ill effects except in So few oases w~ere the 
cuts had been made too deeply, owing to the inexperience 
of the tappers. None of the trees was killed by the 
treatment. 

The "following account gives So B1llIlDlal'Y of the eX­
• periments: 

(I) In the first expcrimmt three eight-Y(l&l"-o!d trees 
having an average girth of 2 ft. 6 in. were tapped by the 
herringbone system, the dry outer bark having been 
first. reJQ.Oyed. The trees were retapped every evening 
~.po and tUO p.m. by paring off a thin shaving 
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from the lower edge of :ach cut and t.hen employing a 
pricker; the use of the pricker was, however, abandonod 
during the experiment. IIJId the latex liberated simply by 

• paring the edges of the cuts. The trees, which were 
tapped fourteen times, yielded practically the earne 
qUllJltity of latex from the first eleven tapping.; on the 
twelfth day the flow of latex was rathar sluggish and the 
yield deeroa.sed very appreciably on the thirteenth And 
fourteenth days. Tapping was therefore AbAndoned 
after the fourteenth day. 

The total yield of dry rubber was 2 lb., equal to A 
yield of 10·66 oz. from each tree in fourh'Cn daily tappings. 

(2) A second trial was made with four trees of various 
sizes but having an average girth of 19 i in. The trees 
were tapped ten times on alternate days, the herringbone 
system bowg employed and the edges of the cuts being 
reopened by paring. •• 

The total yield of dry rubber obtained was 15 oz., equal 
to a yield of 3·7/; oz. per tree from ten tappings on alternate 
days. 

(3) In a third experiment three Ceara trees approxi­
mately eight years old were used; they Were growing on 
poor, stony soil, and had an average girth of 30 in. 
Tapping was done by the half-herringbone syst"m to a 
height of 41 ft. and was continued every alternate day 
for ten weeks, the parer and pricker being used. 

The total yield of dry rubber was 57 oz., equal to 
19 oz. per tree in ten weeks. 

The wound respotll!e was stated to have been good 
throughout the experiment, and, except in the case of 
one tree which was tapped a little too deeply, new bark 
formed rapidly at the conclusion of the experiment. 

(4) A further experiment was conduoted ,?n a planta.­
tion of Ceara trees at Entebbe. Twenty trees approxi­
mately two and three-quarter years old were employed ; 
the average girth of the trees was 19 in. at 3 ft. from 
the ground, the largest being 26 in. and th<> 1m&lle8t 
16 in. The tapping was done by the half-herringbone. 
system, using half the bArk te a height of 31 ft., and was 
repeated every alternate evening between 6.30 and 
6.80 p.m. for one month, each tree being tapped fifteen 
times by paring and pricking. 

The total yield of dry robber W&8 ~ lb. 6. 02:., of wbich 
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lIb. 14i oz. was biscuit rubb~. The yield per tree was 
therefore l' 88 oz. for fifteen tappings extending over one 
month, which must be regarded as very satisfactory con­
sidering the age of the trees. It Was noticed that some 
of the trees gave much higher yields of rubber than others. ' 

The result" obtained with this paring and pricking 
proccss are very promising, but further experiments ex­
tending over a longer period will be required before a 
final opinion can be fotmed. Fyffe states that in rc­
tapping a tbin paring should be cut from the lower edge 
of the incision and the lat"x liberated with a very fine 
pricker. The tapping is not detrimental to the trees 
if it is carefully performed, none of those operated upon 
having died. and the bark is renewed rapidly. The 
advantage of the method is that it gives a larger yield 
of rubber. which moreover can be easily prepared in 
bil;cuit'form insttad of being obtained as scrap. 

(5) This ,method of paring and pricking was subse­
quently tried with young Ceara trees at the Government 
Plantation at Kampala. Half-herringbone incisions 
extending over half the circumference were made to a 
height. of 4 or Ii ft. and the cuts were reopened on alter­
nate days. The following table summarises the results 
of the expe.inlents: 

No. of ttOO8. ", .. at P.n.od of tappiDg. 
.lverage No. of Tottereld 

pllit.lltina. gtl1h .~ tappi ll88. 'It. tubber. 

- ------
((I) Nov. IS to 16'45 20 10-0 

A_ 20_ 
Nov. 190U 11~iM~~~:2 
Nov. 190. March 1912 I 17'32 14 11'1; 

B.20_ IS'60 12 1'0 

The tapped trees showed no signs of injnry and after 
the experiments they grew quite as vigol'Ously as trees 
which had not been tapped. 

POR'lICOU:tSE EAST Al'RlcA.-Tapping experiments on 
• Ceara trees growing in Portuguese East Africa were con­

ducted. by Johnson (see Bulletin <Jj the Impe!ial I~ 
vol. v, 1907, p. 40(1). • 

One hundred and tan trees, seven to nine years old, 
were aelected for the purpose. and w_ found to have 
an ~ of ~ll!a, the 1argest m~ 44'1i in 

, ~;./, ",', < ~ 
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and the 8I1U1.Uest. 23' 6 ~ The koos were divided into 
t.hirteen groups, which were tapped in different ways by 
the spiral, herringbone, and pricking systems, tho incisions 
in the first two methods being J"('Opened every second or 
fourth day. The I'Xperiments lasted about one month, 
and the number of tappings varit'<l from six tQ thirteen 
in the different groups. The average yield of dry rubber 
per tree was 1I2'S grams (3'97 oz.), made lip of biscuit 
and scrap ill nearly equal prop?>rtioIlB. 

SOUTHERN NIOERIA.·-Tllppiug eXlwriments have been 
conducted on Ceara trees growing at Calabar and Onitsba 
in Southern Nigeria. The tre~s werc tappcd eight time. 
during a period of two and a half months by Johnson's 
method (see p. J 49), and furnished t~e following results: --__ .. 

N of ATe1'agfl Number -;;~; ~:"~I!. 
~ Ace. !orint, at ct. dry tu! ~ r It)' rubbotlr __ "' ______ '_" _ _::::_ ~ p=~r 

T O&oM in OJ. os. 

C 2 I 10 H'I 8 8 1 
7 8 31'1 8 3'57 O'4a 

o 6 7 33 8 0'02 0'12 

The yield from the tr""" a.t Clllabar was very good, 
amounting to 8 oz. and 3'57 oz. per tree in the two groups 
for two and a half months' ta.pping. The trees at Onitsba 
gave much less rubber, possibly owing to the facts that 
they have been neglected and t.hat tbe rainfall a.t that 
place is much less than at Calabar. 

BIILGIAN Co:!mo.-The fullowing ta.ble summarises 
the results oJ J1. number of tapping aperimllllts made on 
Ceara koos in the Belgian Congo : __ ~ __ ~ __ _ _ I'~ I' Age. 1 T=~ YI~~rr .,.,_ . 

• 
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Composition of Ceara Rubber.~-As a general rule the 
latex of the Ceara tree contains considerable quantities 
of resin. protein, and mincral matter, and in consequence 
I,he rubber obtained by the coagulation of the latex on 
the "tern, and collected in the form of scrap or balls, is • 
usually characterised by the presence of large percentages 
of these constituents, Even if the rubber is carefully 
prepared in biscuits, sheet, or crepe it generally contains 
much larger amounts 01 resin, protein, and ash than 
plantation Para, The rubber, however, possesses ex­
cellent physical properties, and the best qualities realise 
priccs equal to those of fine plantation Para, 

The following anaJyses made at the Imperial Institute 
show the oompositi~n of a number of samples of Ceara 
rubber from different countries: 

DftItrlptionOf 
rubber. 

Composition of dry washed rubber. 

C900Ut· I Resin I, Pro- I .... ________ + _____ I_cl>_~_c. i . i win. • 

l>er{' ... nt.·l'er~nt.~.I~ 
Southern India 

Ceyl'on 
Uganda 

Sudan 

NyaoaI_ 

GoId'Coas. , • 
South .... Nigeria • 

BiseuU 82'5 I 6'4' 9'811'3 
Sc .... p 76'3. 4'7 I 16'6 2'4 

~~e;: :;:~ I ::~! ::: I ~:: 
Biscuit 89'3 II 0'9 i 3'7 1'1 

.. 84'0, 5'0 I 9'3 1'7 
B;!!_~~ ~ 69'3 i 10'1 f 16'2 H 

Bisouit 181'9 i 5'9: 10'0 2'2 

Biscuit S6'1 : 6'si 6'2 0'9 
Ball from 2- 78'6 I 10'S S'4 2'2 

year,old trees I I I 
Biseui' S4'4 5'S S'3 I 1'5 

82'8! D'6 I 9'4 I 2'3 
85'6 i 6'3 ~ 6'2 I 1'9 

84'6 I 6'81 7'0 I' 1'6 70'9/ 4'B %1'3 3'2 
84'! 711 6'5 1'6 

For comparison with th~ figures the ~yses made 
by Bamber of the prize speclmens of Ceara rubber at 
the Ceylon ~ubber Exhibition in 1906 may be 
quote4;. ~ 
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_.-'-_----_._---_ .. _---- -- .. _- .-

D...nphi.n of rubhn \ Motl$ture. I ~:~. I fuJain \ l'h.tem Aau. 

Of OM 6Utu;;:;-- I-;:-rr-:: t fOfr -~nt I: ~r-~t ~I r: (,I'n:- {'!'J' (''-Ht. 
• RangOOdde· • 070 I U2.'iS 3'80 2'12 0'80 

North Matule 3'10 6i U7 I 1 40 6'13 1'40 
, I 

O_Bhe": 'I I 
KODdeoaIle t l'oS 8S'I, i 6'7' I 5'06 1-'S 

-__ . --- -~---.---. 

The New Species of Manihot.-A short description may 
now be given of the three new rubber-yielding species of 
Manihot, M. diclwt0111lJ" M. heplapliylla, and M. pia,,"'y­
ensis, which were discovered l"L'CCllf,]y by Uk· ill 11mzil. 

Manihat dichotoma, Ule.-M. dic~ma is a small tree, 
16 to 40 ft. in height, which usually h"", a pale bark and 
develops a densely branched crown. The leaves are 
membranous, divided into three to fiv_gmcntB"{peltate 
only in tho seedlings), and are much smallet I,han those 
of M. Glaziwii. It differs also from the latter tree in 
having large ellipsoidal seeds. 

It occurs in the south-eastern portion of the State of 
Bahia, between the Rio Paraguassu and the Rio das 
Contas. The tree is generally known as the Jcquie 
Mani90ba from the town of Jequie, which is the centre 
of the rubber industry in the district. It appears to 
thrive best on red loamy soil, but it is also found more 
rarely on sandy soU. 

The seeds of this species are stated to germinate very 
readily. 

ManiJwt.MplaphyUa, UJe.-M. heplaphyUa is a much 
smaller tree than M. dichowma, only attaining a height 
of froin 10 to 25 ft.; it has a short stem which is covered 
with blackish-brown bark and the twigs are purple. 
The leaves are obJanceol",te, dark green, ·and usually 
divided into seven segments. The seeds resemble those of 
M. Glaziovii in shape, but they are rather larger and 
lighter in colour. • 

This species is found in the State of Bahia on the. 
right bank of the Rio San .Francisco, especially in the 
mountainouS districts of the Seua do Eneaibro, Serra do 
Tombador, and Serra do Aseurua.. ' 

• FrOm tree< 20 y ..... old &t altitude of over ,,"00 ft. 
f FrOm 300 t ...... , 8 to 20 yeezs old, at alti_ "f 1,1lO() It. 

• 
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Manilwt piauhye1l8ig, Ule.-M. 'j'iauhyensig is of similar 
habit to lil. hepmphylla, but is rather smaller, being only 
from 6 to I6 ft,. in height. The leaves are bright green, 
broadly obovate or oblong-obovate, and are divided into • 
five ""gIllen!s. The fruits arc distinguished from those of 
1}J. hept<ll'1tyUa by being winged at the corners, but the 
"ceds are very similar to those of the latter species. 

M. piallRye1l8ig is widely distributed in the south­
cast;,rn portion of the state of Piauhy along the Bahia 
boundary, where it occurs on the lower sandstone moun­
tain ranges. 

Collection of the Rubber.-In Brazil the rubber of M. 
dichotoma is obtaine~ by making incisions in the bark of 
the stem and collectmg the latex in cups; the latex very 
quickly coagulates spontaneously. Jf. heptaphylla and 
lV. piavhye1l8i8 are usually tapped at the base of the stem 
onlY, by the method employed for M. Glaziooii; the 
latex is allowed to run into a hole made in the ground and 
to remain there until coagulation 1mB occurred. It is 
stated that the amount of rubber collected annually in 
Brazil from the three species during recent years is ap­
proximately as follows: 400 to 500 metric tons from 
M. dicJwloma, 500 tons from M. kepmpkylla, and at least 
500 tons from M. piauhye1l8ig. If these figures can be 
accepted as correct, it would appear that half or more 
of the total Mani90ba rubber exported from Brazil is 
derivf>.d from the three nelV species. 

Value for' Cultivation.-It is stated that the yield of 
rubber obtained from M. dicJwtoma, M. kepmphyUa, and 
M. piauhyensig is usually greater than that furniahed 
by M. GlazWvii, and UJe expressed the opinion that 
whereve:c the conditions are suitable, the new species 
should be cllltivated in preference to the Ceara tree. M. 
dichotoma is regarded as most suitable for good, loamy 
soils, and the other two species for light" sandy soils. 

Plautations of the trees have been formed in Brazil, 
the seeds being usually planted "at stake" about 2 

• metres apart, giving approximately 1,000 trees per acre. 
No definite figures 811 to tJ1II actual results .obtained by 
tapping the cnltivated trees on a large scale are, however. 
available. Aooording to publiShed statements N. diMo­
toI'IIa will yieldJrom 100 to 200 grams of rubber per tree 
aon~i ~ the IIIJIQDJlt obtainable from the other 

• 
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two species is put at 500 ~ 1,000 grruns per annum. Tho 
rubber of N. dicMtoma is, however,' of better quality 
than tha.t of the other species. 

Seeds and plants of the three species have been 
• distributed by Kcw to almost all the trupical Britu.h 
Colonies, and the trees are at present undergoing trials. 
in comparison with the Ceara tree, in many tropical 
countries. It is, however, too early yet to pronounce 
any opinion as to the respectiv~ merit. of the different 
species. 

In Ceylon M. diclwloma is beiug l\xperimcntally culti­
vated at the Peradeniya Experiment Station, three acres 
haVing been planu}d with the trees at varyiug du.tanccs 
apart, 20 by 20 ft., 12 by 12 ft., S by's ft., and 6 by 6 ft. 
The results so far are very promh;ing, as the species appears 
to thrh'e better than M. Glaziovii. The chief defe'lt is tho 
extreme brittleness of the tree, the tops"being very lia'ble 
to damage by wind. and belts of other trees wOl¥d therefore 
be required as " wind-breaks" ill cultivatiug the tree. 

Recently .. number of th" ill. dic,haloma trees iu Ceylon 
were tapped far the first time and the rubber obtaiued 
was cxamiued at the Imperial Institute with the fol­
lowing results: 

Moisture 
Caoutchouo 
Resin 
Protein. • 
Insoluble matter 

Ash 

Per cent. 
0'5 

84'6 
4'9 
5'7 
4'3 

2'9 

The insoluble matter consisted of fine p¢icles dis­
tributed through the sample, and owing to the soft char­
acter of the rubber it was found impossible to eliminate 
the impurity by washing. The rubber is of very fair 
qwility 80 far 88 compositjon is concerned, and the I1hysic.l 
properties _y improve as the trees increase in age. 



CH~ER XI 

THE AFRICAN RUBBER TREE, FUNTUMIA ELASTIOA, STAPF 

(KWKXIA ELASTIOA, PREUSS) 

Kiclcda and Funt~.-Thc African rubber tree belongs 
to the natural order Apocynaceae and was first described 
as K ickxia elastica in 1899 by Preuss from specimens 
collect",l ncar Malinde in the Cameroons. Two other 
allied species, Rickxia a/ricana, Benth., and Kickxia 
/ali/olia, St .. pf, had been previously recorded from Africa, 
and until Preuss's discovery, Kickxia africana had been 
regarded as the rubber-yielding tree. Preuss proved, 
however, that Kickxia a/ricana does not yield rubber but 
only a resinous product, and that the rubber tree was a 
distinct species. 

Prior to the discovery of these African species of 
Kickxia the genus comprised only four species, which were 
restricted to Malaya, and it therefore appeared that the 
two groups of Kicwas were widely separated in their 
geographical distribution. Stapf, however, made a de­
tailed study of the African and Asiatic species, and showed 
that the two groups exhihit marked differences in their 
morphological characters which are sufficient to justify 
their recognition as distinct gener&. He therefore retained 
the name Kickxia for the Malayan group, and placed the 
African species in a new genus, for which be proposed 
the Il&IUe Funtumia, from FuntUffi or O'Funturu, one of the 
vernacular names in West Africa for the rubber-yielding 
species~ The African rubber tree is therefore known 

• either as i'unItJmia eio8Iica, Stapf, or K icJ:zia 8IoaIica, 
Preuss. .. • 

BotaDlcal CIwacters.--.F"nt~mia e/a8tica is a Iarge 
forest tree, sometimes 8.ttaining a height of 100 ft., with an 6I'8CI; ~ cylindrical tnmk which is lI8U8lly 
ooverilcl 'iitb '8. lDottIe<i wrey bark. The leaves are oppo· 

• 1110 
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site, oblong or Ianceola~oblong, with acuminate apex, 
5 to 10 in. long and 1 * to 41 in. brood, undulate, and 
quite free from hairs. On the under surface of the leaves, 
in the angles made by the side veins with the midrib, 

· minute pihl known as "BOarodomitia " ocour. 'fhe 
flowers are white or yellowish, conical in the bud and 

• salver-shaped when open; they are borne in many­
flowered, dense, a.xillary cymes. The fruit consists of 
two broad follicles joined at t1le base and obtuse or 
rotund at the a.pex. The seeds are spindle-shaped and 
are furnished with a plumose basal awn of silky hairs. 
(See Pla.te VII.) 

The presence of the minute pits on the under surface 
of the leavc~ is a very useful charact3r for distinguishing 
F'Untumia ekiBtica from the two allied species in the 
a.bsence of flowers or fruits . It cannot, howeiel', be 
absolutely relied upon, as leaves of Ffi.uu1Il.:a alricava 
are occa.siona.lly found which exhibit the same character. 

The a.lljed species Funlumia africana, which does not 
yield rubber, is Widely distributed throughout West Africa 
in the same situations as Funlumia ekiBlilXl. l~ is di&­
tinguished from the latter by its muoh narrower follicles, 
by its longer cylindrical flower-buds, and WluaUy by the 
absence of pits on the under surlace of the leaves. The 
third species, F"ntumia lati/olia, occurs in the Congo 
district and in Uganda.; it is of no value as a source of 
rubber. 

Distribution.-Fftnlumia ekiBlica is very widely di&­
tributed throughout Central Africa. Its western limit 
is Sierra Leone, and it extends thence right across the 
continent into the East Africa Protectorate, and to the 
south of this line into the Belgian Congo. The countries 
from which it bas been recorded are: Sierra Leone, 
Liberia., the French Ivory Coast, Togoland, Dahomey, 
N orthcrn and Southern Nigeria, th.e Cameroons, the 
French Congo, tbe Belgian Congo, Uganda, and the East 
Africa Protectorate. • 

With reference to its occurrence in the British Colonies ' 
and Protecto~tes in Africa, !!be tree is especially abun­
dant in the Gold Coast (principaUy in .t\shanti), in the 
Western and Central Provinces of Southern "igeria, and 
in Uganda. It also occurs, but not so freely, in the 
southern portinn of Northern Nigeria, in the eastern 
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districts of the Sierra Leone 'protectorate, and in the 
East Afrioa Protector"te. · 

Until 1903 it was thought that Funtmnia elMtica was 
restricted to western Africa, but ill that year the tree 
was discovered in Uganda by Dawe in the IlIabira Forest • 
ne"r the Victoria Nyanza, and in 1911 it was also found 
by Battiscombe in the East Africa Protectorate in the • 
forests bordering the Victoria N yanza. 

Climatio Conditions.- l'U11tumia elMtica is essentially a 
forest tree, and in West Africa it occurs naturally in both 
the" rain forests" (the moist tropical evergreen forests) 
and in the .. monsoon forests" (the mixed decidnou. 
forests). It is, however, most abundant in the monsoon 
forests, which have \.lternating wet and dry seasons and 
the trees of which are more or less lea.fless during the 
dry season. The conditions of rainfall under which 
the F~tumia tnt> OCCUI'S vary considerably in different 
coUntries . • In West Africa it is stated to do best in 
districts which have a rainfall of 60 to 100 in. per 
annnm; in the Belgian Congo it appears to thrive in 
distriots where the rainfall averages from 48 to 60 in. 
and where the dry season sometimes lasts for six 
months; whilst in Uganda the tree grows in the drier 
forests which have an annual rainfall of about 58 in. 

In West Africa Funtumia elastica is found principally 
at low e1evat.ions, hut in the Cameroons it occurs up to 
altitudes of 1,500 to 2,000 ft., aud in Uganda up to 4,000 
or 6,000 ft., whilst in the East Africa Protectorate it is 
found between 5,000 and 6,000 ft. above sea-Ievel. 

Bail.-The Funtumia tree appears to grow best on red 
clay soils and it is seldom found on sandy soils or on 
swampy land. The following analysis by Schidrowitz 
shows the composition of a sample of red soil frOI::l the 
Chagwe Forest in Uganda, which was collected by Christy 
as representative of the soil upon which Fumumia elMtica 
is uauaIly found growing wild : 

PHYSICAL A1U.LYSllI 

Fine soU passing 90 n'.esh • 
Fine soU passing 60 mesh 
.Medium soU passing 30 mesh 
0--mAterial awl stooes • 

Por cent.. 
9'71 
6'86 

17'14 
66'211 
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Csmu;AL ANALl' IS 

Moisture. . . . . 
Organio mattcr and combinod water 

• Nitrogen . 
Nitrogen a8 a.nullonia • 

• Total pb05pboric acid . . . 
Pho phoric acid soluble in citrio acid 
Potash . . . . . 
Sand and sUicates (insoluble matter) . 
Lime, .iron, alumina, etc. (by difference) 
Iron . 
Acidity 
Carbonates 

Per cent. 
2'66 

14'01,2 
0'317 
0'3 G 
0' 16 
0'012 
0'19 

64'92 
17'66 
Largo amounb 
Strongly acid 
Absent 

Native Methods of Tapping.- In m811Y parts of West 
Africa it was formerly customary to tbo F B.ntumiB 
tr0es in order to obtain the rubber, and tl}is praeCiee 
aWl porsists in certain districts of the Ivory Co38t &lid 
Sierra Leone. Sometimes after felling the tree tho 
natives make a llU'ge number of incisions in the bark a 
suort distance apart and encircling the trunk. The 
latex th us obtained is oollected in v_1Il and subs&­
quently coagulated. 

Anoluer method adopted in some parts of Sierra L!>one 
is to fell the tree and tben to cover the trunk with dry 
grass, which is set on fire. Th~ heat from the burning 
grass suffices to coagulate tho latex in tho bark, which 
is then stripped off and the rubber extracted from it by 
beating in the ma.nner described later for Landolphio. 
bark (see p. 195). 

As a general rule, however, the natives collect the 
lat,,% of Funtumia elastica by tapping the standing trees, 
a gouge of native manufacture being u.m· for ma.kiog 
the incisions. The double-herringbone system is usually 
employed, and the incisions are carried up the trunk as 
ipgh as the first branches and sometimes even. higber. 
In lll&lly cases 88 much as 60 ft. of the trunk is tapped,. 
the collector climbing the lr\\6 for the purpose by means 
of sling.. 'the lateral incisions are made from 6 to 12 in. 
apart. and they frequently extend right -round the trunk 
or even overlap. The collect-or <1uta the vertical ohannel 
aa he ascends the trunk and the latera.! ·channela as he 

12 



164 THE AFRICAN RUBBER TREE 

descenda. A piece of metal o'r wood or a portion of a 
leaf is inserted at the base of the verticnJ channel and 
IlCrVes to direct the latex into a calabash or other re­
ceptaole; sometimes a lip of clay is formed for this 
purpose. The trees are retapped after an interval of · 
sonle months, when the first incisions have healed. The 
second vertical channel is made alongside the first, or on • 
the opposite side of the trunk, and the lateral incisions 
frequently cross those 02 the previous tapping. 

Tbe principal objections to the native method of 
tapping are (1) the excessive height to which the incisiona 
are carried, (2) the extent to which the lateral incisions 
encirole the stem, (3) the depth of the cute which usually 
expose the wood, aM (4) the frequenoy of the tappings. 
As the result of the drastic treatment to which they are 
subjected, many of the trees are killed after having been 
tap'ped<'1\ few tin:es. 

Another Jl6I'ious objection to the native procedure in 
many parts of West Africa is that the rubber collectors 
do not restrict their tapping operations to Funtumia 
e~tica, but also include other trees, such as Funtumia 
a/ricana, OhZorophora ezcelsa, CO'Iwphor!/ligia orassa, 
A lItiari8 toxicaria, and A18tonia sp., which yield a resinous 
latex. The latioes of these trees are mixed with that of 
Funtumia ~ti.oa before coagulation, with the result that 
the rul!ber obtained contains a high percentage of resin 
and is consequently considerably depreciated in quality 
and value. 

Native Methods of Preparing the RUbber.-Tbe prin­
cipal methods adoptoo hy the natives for the production 
01 F untumia rubber are as follows: 

(1) By a.llowing the latex to stl\l1d until spontaneous 
coagulation occurs; (2) by heating the latex; (3) by 
adding to the latex an infusion of Bauhinia reticuiata 
leaves; and (i) by adding the juice of a StrophanthtIB 
vine (Strophomh'ltll Preu.ssii, Eng!. and Pax), whioh is 
known as " Dieoha" in the Gold Coast. 

(1) SponI4ftW'U11 Coagulation.-This plan is employed 
in the preparation of " lum, .. rubber, the form in whioh 
Funtumia rubber is chlefty prepared throughout West 
Africa. The native makes .. sha.llow rectangular hole 
in the ground &Ild lineS it with clay in order to render 
it partiaDy watertight. When the clay has dried, the 
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hole is filled wilh 10.10% ~d covered with a. piece of wood, 
or with plantain leaves, etc., in order to prevcnt dirt 
from falling in. The latex is then simply a.llowod to 
stand until coagulation h8B taken pl"ce and the masll of 
rubber produced h"" beccme sullici ntly firm to be 
hlIDdled. The usual time requ ired for this cbnge to 

• occur is about six weeks. The lump of rubber is then 
lifted from the hole a.nd allowed to dry entire, IIOJtlClilD S 
being exposed to the eun for t~e purpose. As 0. rule no 
attempt is made by the natives to remove the ex0C88 of 
liquid from the rubber. The lumps tbus prepared nro 
afterwards stored in the roof of a native hut until they are 
sold to the traders. 

The lumps of rubber vary considerably in size, those 
from the Gold Coast, for example, measuring from 4, to 
10 in. in thickness. They consist of dark-coloured porous 
lllasses of rubber, whieb usua.lly conlaftl ill thd! cavi,ties 
a la.rge quantity of the serum of the lntex aDd frequently 
uncoa.gulatoo latex"" well. Owing to the 1 ngth of time 
occupied by the coagulation And to the moist oondition 
in which the rubber is left, the prcteills present in the latex 
undergo deoomposition, with tho result that tho rubber 
develops a very offensive odour. On account of U,ose 
dcfects the Wellt African lump rubbers are of low quality 
and generaUy rco.liBe less than one-half the prico of fine 
bard Para. 

It is stated that at one time ill the Gold Coast the 
lump rubber was cut iIlro strips and the liquid pressed 
Ollt, bllt that the practice was abandoned as the pdce 
obtained was not sufficient to compensate for tbe loss in 
weight and the labour involved. 

(2) Ooagulation 0/ {he LaJez bil Bcat.-In applying tl,is 
method the natives USUAlly beat tbe latex ip an iron or 
clay pot over a fire, stirring it with So stick until coagula­
tion is complete. In Sierra Leono, where this method 
of preparation is common, the frc.shly coagumted rubber 
is either kneaded in the fingers to press out the ITquid, or 
it is placed between blIDana lea.ves and stamped with tho· 
feet so 8.!1 te form a flat ClI e. The rubber is then cut 
into thick strip~ . wbich are dried and wound into largo 
baJls known .. ~ .. twislll." . 

The drawback to this metbod of p,"par",ion as practised 
_'I! the__nativ _is that there' V.fJrJI • ble 
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of over-heating the rubber ~nd rendering it sticky. 
Recently, however, improvements have been mwo in 
the process, which will be dealt with later in the section 
relating to plantation methods (see p. 174). 

(3) Ooagulation 0/ eM Latex by meat18 0/ an In/U8ion 0/ 
Bauhinia reticuIata Leaves.-This method of coagnlating 
Funtwnia latex is employed by the natives in certain 
districts of West Africa. A hot infusion of the leaves is 
poured into a quantity o{ the undiluted latex and the mix­
ture is stirred for a few minutes until coagulation occurs. 
The usual procedure has been described as foUows : 

About 1 lb. of the leaves is put into 3 gallons of water 
and boiled for 15 minutes; the infusion is then strained 
through calico and the hot liquid is added to about one 
gaUon of latex, stirring weU: Complete coagulation takes 
place 9.uickly, usually within four or five minutes, aud 
th<; rubber obtaifled may be pressed out into sheets or 
made into Jam ps or twists. 

It is not always possible to employ this method of 
preparing Funtllmia rubber, as Baullinia reticlllaia does not 
invariably occur in the same localities as Funt1!mia 
elastica. The infusion of the leaves is acid and oontains 
tannin , 8 per cent. of which was found in a sample of the 
dried leaves examined at the Imperi<11 Institute. The 
tAnnin appears t<> be the active coagulating agent, and 
infusions of other Mtringent products, such as the pods 
of Acacia arabica, exert a similar action on the latex. 
It is of interest that an infusion of BaUhinia relUndata 
leaves is used by the natives of the French Sudan to 
coagnlate the latex of LanMlpliia H eudelotii. 

(4) Ooagulation 0/ the Latex by meana 0/ eM Juice 0/ 
tAe "Diecha" Vine, StrophanthU4 Preussii.-Thls method 
is uaed by tjle natives in some districts of the Gold Coast, 
and as it is very rapid and does not require the application 
of heat, it bl\8 recently been wopted to a considerable 
extent in that country. The young Diecha vines yield 
.. mill.-y-latex when incisions are made in the bark, whilst 

, the older vines give a olear yellowish fluid which is stated 
to be the most active as .. ~oagulant. A!!q)&Il quantity 
of this liquid when added to Funtumia latex quickll 
0&_ ooagnI.a.tion in the cold on stirring, espeeially if 
the .latex ill .. few days old. The resulting rubber mAy 
be made into &beets, lumps, or twists. 
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Cultivation 01 PuntumiB· elnstica.- Dl1I"ing J'OO(!nt years 
systematio attempt have been mad .. by tb Agricultural 
and Forest Department in \\' st Africa to encourage 

• tbe planting of Funtumill w.atica by til natives in order 
to replace the large nnQlOOrs of th wild trees which have 
been destroyed by the drastic native methods of tapping, 

• and in several countries considerable progress hIlS already 
been made in this diJ'CCtion. In Soutnern Nigeria tbe 
Forest Department has . tablish~ pl!\11tatioUl! of the trees 
for experimental purposes, and Itnge ulimool'1l of oom­
muna.l plantations, mMy of which are now reaching the 
production stage, hAVQ been formed by the nlltivCB in 
the vicinity of their villllges. Similar action has been 
taken in the Gold Coast, where tbe c~ivation ofFunturala 
trees has a1l!o been undertaken by European oompauies. 
III the Cameroons e.nd in tbe Belgian Congo, Funtltfllia 
ela8lica bas also been extensively plaltted, and- exwri­
ments on the cultivation of tho tree are bein conduoted 
in Sierra Leone, Northern Nigeria, and Uganda. 

The suitability of Ftmtumia troos for purposes of 
general cultivation cannot, however, be regarded as 
de1initely established. It was thonght at first that 
Funtumia w.atica, being indigenous, would be the most 
aatisfa.ctory rubber tree for planting purposes in tropical 
Africa; out owing to tbe SUCCCllS which bas attended 
the introduction a.nd experimental cultivation of the 
Para tree in Africa, there is now a. strong and growing 
opinion that the Para tree should be grown in pre­
ference wherever the climatio conditioll8 are suitable. 
FunJumia elaatica gives a very much smaller annuaJ 
yield of rubber than the Para tree, it has a much thinner 
bark, and does not stand tapping 80 well. The results 
obtained in Southem Nigeria, the Gold Coaat, g.nd Uganda. 
with the two species are greatly in fa.vour of the Para 
tree, and indicate that in thess oountries very much 
better returns will be obtained by cultiv&ting HtMG 
braBilit:n.tiB in suitable localities than by growing F1tntumia 
ela8tica. In the Cameroon.o, too, the large plantations • 
of Funtumia,. elaatica which · have been established by 
European oompanies are not being exttnded, but the 
Para tree is being planted instead. It is poeeible, how­
ever, that Fontumia trees may be morq, suitable than 
Para tteeIi fo,! ctlltivation by the natives, ... ~he, do nQt 
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I't"quire to be tapped continuously, but only once or twice 
a year, and there is the further advantage that, they can 
be grown in situations which are too dry for Para trees. 

The methods adopted for cultinting Funtumia trees 
and the improved methods of preparing the rubber which 
have been introduced are described in the following 
account: 

Raising the Plants.-The plants are usually grown 
from seed, of which the' trees produce large quantities. 
If carefully preserved, the seeds will retain their vitality 
for two or even three months, but. it i, desirable to sow 
them as soon as possible after collection. \Vell-drained 
seed-beds, consisting of a mixture of good soil and leaf 
mould, are prepared ~n a sheltered position, and the seeds 
are sown a few inches apart and lightly covered with 
fine soil The beds are kept w;ctcred, and, if necessary, 
sh,\ded iroUl the "un. Germination usually takes place 
in from throe to four weeks after sowing; and when the 
seedlings are about 4 in. high, they are transferred to 
nursery beds or arc planted singly in baskets made of 
banana leaves or gimilar material. The young plants 
require to be regularly watered and provided with shade 
from the dirert rays of the sun. When from six to nine 
months old they fiay be planted out, and it is desirable 
that this operation should be performed at the beginning 
of the rainy season, so that the plants are not exposed to 
drought after being placed in position. Holes are made 
in thc usual way for the reception of the plants, 1 ft. 
square and 1 ft. deep if the soil is good, and 2 ft. square 
and 1! ft. deep if poorer. 

In Southern Nigeria the plan has been tried of trans­
ferrin!( the seedlings direct to the plantation and erecting 
a shade over each until the young plants have become 
well established. This method has given very successful 
resluts and has been largely adopted in forming the native 
communal plantations of Funtumia trees. 

Forml1tion of Plantations.-Several methods of culti-
• vfiting Funtunlia trees have been tried. In somc cases 
parallel lines have been cwed in the fo~st and the 
Fuutumia trees planted at regular intervals in the clear­
ings. This plan. however, is not satisfactory, owing to 
the fact that lj.llder these conditions the growth of the 
trees is very slow. Another method was to clear tbe 



THE AFRICAN RUBBER TREE 169 

land, lea.ving the largo forest trees standing in order 
to a.flord some shad for the young Funtumi .. pla.nt.ll. 
It ha.s been foubd, however, that if this method is 
adopted, it is necessa.ry to cut out th shade tl'OO when 

• the Funtumia. trees are about two yea.rs old, a.s otborwlso 
the growt.b of tbe la.ttor is interferod with. The best 

, results appea.r to be obtained by completely olearing 
the land so a.s to remove a.ll shade, and then planting 
the Funtumi& trees closely in cof>pioe formation. 

The trees were formerly planted rather widely, 15 by 
15 ft. or 20 by 20 ft., hut it was found th .. t under Buch 
oonditioIlll the trees bad .. tendency to branoh low down, 
a.nd considerable pruning we.s required to ohtain a stem 
8uitable for tapping. Latterly this tdiffioulty has boon 
obviated by planting tho trees very closely in order to 
encourage the development of a atra.ight, erect stem, and 
then thinning out when they beoome crowt!od. A 
commonly adopted distanoo for p4mting t,Ile tree. ' is 
6 by 6 ft. and they a.re graduaJIy thinned t{) 12 by 12 ft. 
or 18 by IS ft. 

The plantation requires little a.ttontion during tho 
early stagell. beyond filling up any gaps which m",y occur 
and protecting the young plants from being overgrown 
by weeds. The thinning of the trees should be oonducted 
during the third and fourth yea.rs, in order that tbe Ie­

ma.ining trees may have a. chAnce to increase in girth. 
Diseases and Pests.-Funtumia e1aatico. is not subject 

to any serious dise8.8CS or pesta in West Africa. The 
young plants are sometimes attacked by the ootorpillar of 
a. moth (GI'lplwdea oul1ata) which feeds on the leaves 
and may defoliate the trees. Two or three species of 
girdling beetle a1so do a. certain amount of daD\a.ge, tho 
beetles themselves gnawing the bark of the young shoots 
whilst the larvae burrow in the wood. Two species of 
these beetles collected by Christy in tho Cameroons 
were identified as Ohr_1e4 coeca, Cher., and Mt>MClwmUl 
ruapaw.., F .. b., whilst another species from Tar'luah in 
the Gold Coast was A~ra conju:t, Thoms . 

.A fungoid, root disease, similar to F<mW 8emiWtua, 
has been found attacking Funtumia. trees in the Gold 
Coast, and a "brown" root disease is &Iso knOWD. 

None of these diseases or pestS does much damage to 
the~ • 
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In Uga.nda a form of "canker," ooU&'d by a fungus 
which has boon named N edna /untuntia.e, 111_, develops 
on the stems of Funtumia trees and is very common in 
some districts. It begins as a black patcb on the bark, 
and gradually spreads until it encircles the stem. The ' 
bark of the affected area becomes badly cracked, which 
seriously interferes with the tapping- of the trees. This • 
disease has not yet been noticed in West Africa. 

Rate 01 Growth.-F·unlumia elastica, if planted elosely 
on good soil without shade, makes fairly quick grOwtll, 
)Vhereas if planted under shade it develops extremely 
slowly. In tho following section particulars are given 
of the rate of growth of Funtumia troos in different 
countries : ~ 

GOLD CoAST.-Oovernment planta.tiolls of Funtumia 
trees have been established in the Gold Coast at A buri, 
TaTqullfi, and COOmassie. 

Tho conditions of cJinJate and Boil at Aburi do not 
appear to be entirely suitable for the growth of Funt'umia 
elastica, the rainfall being rather low. The trees, however, 
are heo.lthy a.nd show fairly satisfactory growth on the 
whole: where the soil is deep, they have made excellent 
growth, about equal to that of Para trees; but in places 
where the soil is sho.llow, they have done badly. The 
troos were planted 10 by 10 ft. apart in 1902-3, and tho 
following table shows their average girth at different 
dates : 

1902- 3 
1902-3 
1902-3 
190Z-3 

,I Dateotme;t.Swemeut.. AT~l:fI(rirtb.tltt.. 
l""OID. l-"l'DUlld. 

Jan. 1909 
.. 1910 
.. 1911 
J' 1912 

, .. 
10'i5 
13'00 
14'66 
15"91 

At the end of 1909 there wore 12,800 Funtumia trees 
in the "buri plantation. 

• At Tarquab, where the rainfall is heavier than at 
Aburi, the cultivatoo Fun~ trees have made very 
good growth. Four-year·old trees planted '20 by 20 ft. 
had an &verage girth of l>ll in. at 3 ft. from the ground, 
-whilst trees of simiJnr 'l<ge planted 15 by 15 ft. had an 
""er&ge girth <of 13 in. Acco~ to m~retIl!lJlts 
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made by Chri"ty,* a bloc' of 3i-year-old Funtumi .. trt'<'s 
at, Tarqnah, planted 10 by 10 ft., had an average girth 
of 91 in., and a block of 5i-year-old trees, planted 20 by 
20 ft., averagM 15i in. in girth. 

• SOUTHERN NrGERIA.-ChrL~ty h"" publi"hM the follow­
ing details regarding the size of cult';vatpd Funtumi .. 

• trees growing in the Maron Forest Reserve and in a native 
communal plantation near Ben~ City: 

I· .. m 
N'o.mea- P\a.ntlhg 

O\t1.h. 
.\1lJr-ce ~;.:: DJ&tricl.. ...... . """'. dtiitaDl:.e. :::;:;:-~U:: f),tla:ht. 

tt.e.tntI. 

IY~ ft. '0. , .. tt. ft. 
)lamu R.....-ve. 10 60 6 x 12 211 28 4~ 111-18 

10 51 SOxSO ~! 
oI(l 6-$ &un City • 7 200 5 x 6 X 32-36 20 

UGANDA.-The following measurcm~t8 of J1'tmtumi4 
elastica trees growing in the Botanic Gardens at Ente15be 
have been published: • 

Date ot planting. nate ol l'O$LIIur6II1M1t.! HoIgbt.. =.~: 
--------------1---------1------------

It. in. U. JA. 

_ )I_h31, 1907jll I 0 'I 
. .. 1908 15 8t 1 ! 
. .. 1909 24 2 I • 

September, 1903 

CAMEROoNs.-The following measurements taken by 
Christy at the Victoria Botanic Gardens in the Cameroons 
are regarded by him as representative of the growth of 
Funtumia elastica trees in that country : 

..... J ...... ""="'! PI~""I ~_:_--I An~. ':.~~f! _____ ~I~::_ A~ef&g~ !Yuib)um .. ~~ 
y..... I It. m. I tn. I ft. ft. 
&t •• I 12 x 30 I 23t 281 I' 30-35 10-12 
lit 23 18 x 15 I 25! 32t 25 8' 
7t. 223 I D x 9 21 29 I 26-30 lll-~_ 

Plantation Tapping J!IIethodB.-Fumumi4 elastica differs • 
fundamelltalry from H evea brasilienai8, the Para tree, 

• s- TM African Rubber Indu6t1'Jl anti Punlu;;'w eJa.ni«J, by Cutb~ = sC;::!Y llVfndon ; Jolm Bale. Sons & D8Jlje:-o~ G~a.t Titchw 
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in it" behaviour 011 tapping. 'It has been pointro out 
alrmrly that the latlt'r tree can be ,.,'pt·atedly tapped 
for long periods, wbereas Funtumia trcc'" yield practically 
all their available In.tex at. n single tapping and can only 
be tapped once or twice a year. The methods employed 
for Para trecs cannot, therefore, be used for tapping 
]iulttumia elastica. The bark of the .Funt umia tree 
is also much thinner than that of the Para tree and is 
consequently not 80 suil'able for tapping purposes. 

Cult.ivated Funtumia trees are not usually tapped 
until they have attained a girtl! of at least 18 in. at 
3 ft. from the ground, and the m('thod of tapping most 
commonly adopted is the douhl~-herringbone system 
(see p. 66). The ifleisions are g"uerally restricted to 
one-half of the tn'p, and the two halves are tapped alter­
natdv. In BOm(' eases, howe,Pf l each set of incisions 
iq restrirtreu to oll6>·third of the cireumference of the stem, 
and t wo ve~ti""l columns of untapped bark are left be­
tween them at opp".il<. sides of the trunk in order to ensure 
t hat tIl<' vital functions of the plant are not .interrupted. 
The .incisions are frequently carried to the top of the 
stem; but in Southern Nigeria regulations were .intro­
duced .in 1910 whereby eultivated Funtumia trees are not 
to be tapped to a gr~ater height than 10 ft. from the 
ground. The lateral cuts are made from 8 to 12 in. apart, 
and, according tD Christy, incisions every 8 in. will furnish 
the whole Df the available latex, no further flow be.ing 
Dbtained if additional incisions are subsequently made 
between the preriow; series. The trees are usually tapped 
only once, or at most twice, in thc ye"r on alternate sides. 

A V knife or a gouge is generally used for making the 
incisions, portions of the bark being excised. Christy, 
howevN, has suggeskd an incision method .in which 
shallow grooves, not reaching t<> the Iaticiferous tissue, 
are cut in the bark by means of a V knife with rounded 
apex, and t 110 latex i, then liberated by a rowel pricker 
with a tbin sharp blade. This method has been very 

<favourably rocei.ed both .in West Africa and .in Uganda, 
as it gi.es a good yield "f latex and the cuts heal 
rapidly. Experiments conducted on Funtuinia trees at 
the Mamu Forest Reserve ill Southern Kigeria showed 
that .incisions made by 'Christy's method healed almost 
compmtely wit.tUn a month or so, and it was considered 
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that by Il>ing thi' ")A(,~J it JUay be pos.sihl~ to lap 
the tn'Cs two or thre" times a yea!' without dimini~hing 
the yield. Simil", tri"l~ m"ue on tree. growing in the 
native communal plalltation. in the Renill Gity di~trict 

·of Southern Nigeria did not gin' such sati,[actory re­
sults, however. so far a3 the healing of tho incision. was 
concerned, and it is evident t hltt further ob!lervations 
OIl the point are neceSHttry. Th~ p"".ible elf~t of the 
pricker in producing excre8cenc{'if of the wood, "" in the 
case of Para trees, will also ha \'e to be borne in mind, 
as it may not become apparent for some time. 

Christy has recommended a method of tapping Fun­
tumia treeA which he describes a.. the double half-spiral 
system. It is a double-herringbont oystem over t.he 
whole stem, the lateral cuts being made 8 in. apart and 
extending round half the circumference. In retapping, 
fresh lateral incisions are made from Joi to 2 in! above 
the old cuts and a new vert ical channel is .l'1so cut !.t 
the side of the first. He states that incisions made with 
the groover and pricker heal rapidly, and that if the 
trees are tapped two or tbree times a year by the above 
method, the renewed bark will be ready for rctapping 
by the time the bark between ihe first lateral cut" hM 
been used up. This method is said to give fair yields 
of latex regularly year by year with the least possible 
injury to the tree. 

A system of vertical incisions has also been tried in 
the Cameroons for tapping Funtumia eiaBtica. In this 
method two or more parallel vertical cuts are made in 
the bark, extending hom the foot of the tree t<:> v..n.wa 
heighte, and the latex is collected at file base. Some­
times shallow groove" are first cut in the bark, and the 
latex is then liberated with the point of a pruning-knife. 
Subsequent incisions are made at the side of the previous 
cute. This method giV'<l8 a very fair yield of latex, and 
the resulte of experimente made with it in the Gold Coast 
and Southern Nigeria will be found on pp. 178 a~d lSO. 

A number of well-known tapping tools, designed 
speeially for the Para tree, have been tried in Southern 
Nigeria for Funtumia ilaatica, but it is s~ted that besidei! 
Christv's knife and pricker, only the "Para," the 
" Secure," the "ScuHer," and' lIfeaars. WaJker and 
Sons' knives were at all emita.ble for the flurpose 
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Coagulation 01 Funtumia La~.--The coa.gulation of the 
latex of Funtumia elastica presents a number of interest­
ing features, the most important of which is that it is 
much more difficult to induce complete coagulation in 
fresh latex than in that which has been kept for one or ' 
more days. In consequence of this fact processes of 
coagulation which answer well for old latex are some­
times ineffective or only partially successful when 
applied to latex which Itas just been collected from the 
trees. 

The methods of coagulation which have been proposed 
for use on plantations may be grouped under the following 
heads: (1) by allowing the latex to stand until coagula­
tion occurs; (2) by ,reaming; (3) by boiling; and (4) by 
the additiou of coagulants. 

Spo1itaneou8 Coagulation.-Attempts have been made 
to,prep1m) Funtumia rubber in biscuits by allowing the 
latex to s~nd in shallow vessels until coagulation has 
taken place. If glazed vessels are used, however, the 
process is too slow to be of practical value, as complete 
coagulation may take as long as three weeks. 

A modification of this method, in which the latex is 
allowed to stand in shallow trays of soft wood, has been 
successfully employed in the Cameroons. The wood 
absorbs the aqueous portion of the latex, and in two or 
three days a sheet of rubber is left in the tray. 

Creaming.-If Funtumia latex be diluted with five to 
ten times its volume of water, it .. creams " on standing, 
and a coherent cake of rubber is finally obtained. This 
method is, however, slow, like that of the spontaneous 
coagulation of the undiluted latex, and the formation 
of the cake of rubber may take a week. 

Boiling tM. Latex.-This method has been adopted in 
So1l.thern Nlgeria for the preparation of rubber from the 
communal plantations of Funtumia trees, as it is the most 
suitable for native use. It has been found that the latex 
does not coagulate quickly unless actually boiled, eo that 

-the use of a double pan has been abandoned and the 
diluted latex is heated directly in the followjpg manner : 

One and a half pints of water are p:m-J in a 3-pint 
lIIluoepan and raised to the Iioiling point, when i .pint of 
Lt.tex.;. lf6lded. The ruDtier which separates is kept 011 
the .i;Of tbZ veIiII!lel.,by Itirrinf '!!it!! ~ ~~ and ~ 
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• heating is eontinUt"i until the solution is left clear. Thc 

rubber thus obtained is at once rolled out into a sheet by 
meanR of a wooden roller, and i. subl!tlquently well washed 
IUld dried. 

Fresh latex, it may be observed. is very difficult to 
coagulate cOlllpiet<'iy by boiling; but if the latex is allowed 
1;0 stand for t wcln' hours before being treated, the prooess 
is quite e .... y Md effective. 

It is stated that the latex IIlty also be conveniently 
ooagulated by pMsing steam int 0 it. 

Addition 0/ Coagnlanlil.-Thc principal coagulants which 
"aVe been proposed for prt'paring Funtumia rubber 
!U"e tannic acid, mercuric chloride (corrosive sublimate), 
md formalin. • 

If Funtumia latex which has been kept for a few days 
be dil.uted with hot water and a solution of ta~1c acid 
)r mercuric chloride added, complete cllagulation is iql­
!Ilediately indueed; but if fresh latex be ~ only slow 
)feaming takes place. Christy Btates, however, that if 
• little acetic acid be added t<l the fresh latex diluted 
with hot water, the addition of tannic acid or mercurio 
chloride then produces immediate and complete coagula­
tion, although the acetic acid has no coagulating action 
by itself. Hot water is essential for the SUcceB!l of thiR 
method, as if cold water be used only slow creaming takets 
place with both fresh and old latex. 

The process recommended by Christy for the coagula­
tion of fresh Funtumia latex by means of tanni<l acid is 
as follows: 

A stock solution of tannic acid is made by dissolving 
1 lb. of tannic acid in 16 oz. of water and adding 5 oz. 
of acetic acid. 1 oz. of this solution is poured into 20 
pints of hot water at SOO F., and 5 pints of .fresh latex 
are then added and well mixed with the acid solutign. 
Coagulation quickly occurs and may be facilitated by 
gentle agitation of the vessel. 

Merow.rio chloride may be employed in the same wtry, but 
on account of it<l very poisonolls properties it is not so 
suitable &8 tapuio acid for ge1!eral use. 

Funtumia latex can aIBo be eoagulated.by the addition 
of lorm4lin (formaldehyde), whicp. is frequently added 
to other latices to reta.J:d their coagulatiqp.. According 
to Christy, the addition of 15 00. of commercia.l formalin 



176 THE AFRICAN R.UBBER TREE 

(containing 40 per cent. formaldehyde) to 1 pillt of freshly 
collected latcx will induce coagulation in from 15 to 40 
hOIlfll, depending on the dilution of the latex. This pro­
cess is reported to give rubber of goo,) quality and 
possesses the advantage that it can be used for fresh 
latex. 

In Uganda, and alBo in West Africa, Funtmnia rubber 
is now being prepared by machinery in the form of crepe 
or sheet. C 

Yield 01 Rubber from Funtumia elastica.-With reference 
to the yield of rubber furnished by wild Funtumia 
trees in West Africa, Chevalier has recorded that in 
the Ivory Coa.s!, full-grown trees, probably 100 years 
old with trrmks 6(J'ft. high and 24 in. in diameter, have 
given oas much as 8 to 10 quarts of latex, representing 
4i to ~! lb. of rubber, when cut down by the natives at 
the begilwing of 'the rainy season. If the trees are tapped, 
he conside<'B that I lb. of rubber is the maximum yield 
from the first tapping of a full-grown tree, whilst ten- to 
twelve-year-old trees will only give 31 to 5t oz. The 
subsequent tappings will give smaller amounts. 

In the Cameroons, Schlechter obtained 3 quarts of latex, 
giving 3t lb. of dry rubber, from a tree said to be seVen 
years old and never previously tapped, but this appears 
to be an unusually high yield. According to Dudgeon, 
2 quarts of latex (corresponding to abont 2 lb. of rubber) 
is an exceptional yield from a large tree in British West 
Africa. 

Other recorded yields of rubber from wild Funtumia 
trees vary from 4 oz. to 1 lb. or more, depending on the 
size of the tree, its condition, and the period which has 
elapsed since the previous tapping. 

The yi&lds so far obtained from cultivated trees 
have usually been much smaller than from the wild 
trees. 

The following account gives the results of tapping 
experiments on Funtumia trees in different countries : 

GoLD CoAsT.-I. Some preliminary tapping experi­
ments were conducted duling the latter pm of 1009 on 
five groups 6f F .. ntumia -elastica trees growing at the 
Abnri plantation, and. the results obtained are summar­
ised ~J'the following tab16: 

'" ~ ~ /, ' 
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o .ls(l.or-I,~ .. .'.r.Cl:r: !' S'}:llf I; T~~:t1.t A:;:r. 
roup (t~r,I\.: i;lrU._ ! YelliOll ~ LlI.IIPlui· J u..Pl'UlWI· I rubhtor !'!:~fI. 

~t~ i ;~l-! ~=r~;iUgl"n.to.h~~ht i '~I:t~r'I~-!li ~;;7 
i ' (If {\ !l.; fil"'St lateraf ill-, vfLtJ of 

I ('i"'IOn." 12 in. apart ami: lO daya, I 
rmbSl"(lu6ht tappu\g1I Ii: 
in. {wlow prllviuu!\ rul.; I 

11. Hi IV \-'{·r-ticnl PMn.II(.' ('ut_.. It, Do, 114'34; t)'9$f 
in. apart w height of {j It. ! I ' 

III. 15 lSi Hfl.l( herring-bano on hall; Do. 1)'17 0'611 
of trec tu height or fj it. ; \ I 
~;~r!l~t(':~~ iJlCs~i~':,;::::t:! 
ta.ppings 1 in, oolow pt(j.· ~ 
"ions cut. 

IV. III Full ht'rritlghoJltl Oil whole Do. : 20'46 .'36 

I, I I Apart Bnd Joluh"''''(pwnt ; • 

I of lroo to height of n ft, ; I f' 
I I, fJrs, t la-krill ;u('i.'iiotl!ol V in. i • 

I
i: ,'lOW'" cut. 

tapping!'! 1 in. helow pr(l-I 

i lwrringhone to height of 
V. 15 Ii 18;! ~tltive method. viz. full 20·1 1"34 

__ 1 ___ 1 __ ~_I~_I_I_' ______ __-'--_-"-_ 

It is interesting to note that in these trial. the native 
system of tapping gave the best results, The yield of 
rubber pcr tree obtained by this method was only slightly 
below the highest yield furnished by the other system. 
employed, and the cost of collection was conRiderably 
less, All the yields were, however, very small, 

II, During 1910-11 an experiment on a larger scale was 
made at Aburi, in order to determine (1) the best time to 
tap Funtlllnia trees; (2) tbe compMaHvl' yieJd from trees 
of different girth; and (3) the average yield per trce at tho 
first and subsequent tappings, 425 trees, which were just 
over ten years old at the beginning of the experi,ment, were 
divided, according to girth, into five groups as follows; 

I .A.yengegfrth. 

""""'. No. of tnee. B.&age ot girth. ! 
AJtJfI:s:peri-i ~foreftPtl:ri· I .,..", mw ... . in .• 

f 

In. In. 
A 78 10-12 11'18 11'13 
B 100 12-11 13'2' 13'81 
C . 104 14-16 l6'01 16'66 
D 80 11>-18 16'88 17'45 
E 63 over 18 IV'I2 • 19'IIe 

t, 
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The trees of Group A were used for check experimenta, 

and the trees of the other groups Were subdivided into 
three lots, which were tapped at intervals of two, four, 
and six months respectively. The vertica.l system of 
tapping was adopted as most suitable for the experiments, 
th~ ChriRty knife and pricker being employed. At each 
tapping three >'crtical cuts were made at equal distances 
apart to a height of 100 inches from the base of the tree, 
and the subsequent incisions were placed I t to 2 in. 
at the aide of the previous cuts. 

The following table shows tbe results obtained, 

AV]t:UGE YIELD (IN GlU.Jl8) 01' DRY RUBBEB Ph TBD 

I{. Two-month intuvaU 

~_ No.ortr~es. __ O_'t_._~_'~~ 
B'] 32 10·4 7·7 I 5·' 
C 1 33 1G·3 11·2 12·0 
D 1 26 ]2·6 12·4 S·O 3·8 
E 1 21 20·3 1S·0 0·0 7·0 

Group. 

B2 
C 2 
D2 
E2 

B 3. 
C<I 
D3 
E 3. 

No. ru ms. 

a_. 

. 

33 
35 
27 
21 

II. Four-month I11tervaU 

Oet. 

14"7 
18·1 
IS·9 
22·0 

.Feb. 

9·1 
12·6 
10·8 
12·5 

1~1t·· 
\ 

S·7 -
8·3 -
8·6 3·0 

la·2 8·3 

Ill. S"'· ... ornA [nteroalo 

Xo. oftreea. ! Oct. I APril. 001. 

35 

I 
13·S 

I 
6·S .·8 

36 18·0 S·5 7·8 
27 23·3 10·8 ,./1 
21 26·6 22·2 8·4 

It will be seen from these resulta that the largest trees 
gave the mOBt rubber and that the yield "If88 diminished 
very considerably by repettted tappings. It is interesting. 
however, that the yielfl after a two months' intervaJ was 
~Y asp>d as f:hat after f01l! or ~ months. With 
~ to the besII tune lor tappmg. It was found that 
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the yield was much bette~ in October to December than 
in February to April, whilst tappings in June also gave 
good results. It L, eonclud~d that in the ('-.old OOI\.,t th" 
best time for tapping }'untumia trees is from June to 

. December or January, which includes the period from 
about the middle of the rainy season to the commen(ltl­
ment of the harmattan. 

The total yield ()r rnbber obtained in t hc~ experiment. 
extending over thirteen month • ...,,,,, 31 lb. 15 oz., equal 
to an average yield of only 1'31 oz. per tree, which is .. 
very small return. 

III. In another experiment in the Gold Coast, twenty­
five trees, 15l in. in average girth, were tapped six 
times during eleven days by a helfingbone system in 
March 1911, and gave the following results: • 

JOt,b. '6th. :51.11. '8th. ,itj. JOtb. 
Dry rubber in _ 317 '18 202' 188 224 IlI4> 

The total yield was 1,467 grnms (611 oz\ equal to 
2'06 oz. per tree. 

SoUTIlERN NIGEBlA.-I. A series of tapping experi­
ments on Funtumia trees growing in the Mamu Reserve 
was carried out by the }'orest Department in December 
1909. The half-herringbone, full-herringbone, and spiral 
methods were tried, and also the system of making a 
number of straight vertical cuts down the stem. The 
results obtained are summariaed in the following a.ccount : 

(a) Ten eight-year-old trees, 22·6 in. in averngo girth, 
which had not been tapped previously, were treated by 
the half-herringbone system, the vertical channel being 
10 ft. long and the lateral incisions 6 in. apart. After 
the first tapping the trees were allowed to rest for a few 
days and were then tapped f9ur times on alternate days 
by making fresh lateral cuts below the previod!! incisioll8. 
The yields of fresh biscuit rubber were as follows: • 

• 1st tapping 
2nd .. 

Total 

13 

.. 
.. 

IlL per tree. 
1'0 

• 0'376 
• 0'326 
.' 0'076 
• nil 

• '2'67& -
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(b) A tree tappL-d in 1905' by the half-herringbone 
oystem was tapped again on another side; 

Yield of fresh rubber in 1908 
1909 

oz. 
2 
Ii 

(e) Two trees tapped in 1908 by the half-herringbone 
system were tapped agQin by making new lateral cuta 
below the previous incisions: 

0" 
Yield of fresh rubber per tree in 1908 2 

1909 i , . 
(d) Two trees were tapped by the half-herringbone 

system,'the lateral incisions being 12 in. apart in one case 
and 6 in~ in the o1f.>er. 

. Yield of rubber from tree 24 in. in girth with lateral 
incisions 12 in. apart was 1 i oz. 

Yield of rubber from tree 22 in. in girth with lateral 
incisions 6 in. apart was I! oz. 

(e) A tree, 24 in. in girth, was tapped by the spiral 
system, the spirals being 1 ft. apart. After two days 8 

new spira.! cut was made between the first incisions : 

Rubber from 1st tapping • 
2nd 

oz. 
• 41 

t 

A tree 12 in. in girth tapped by the spiral oystem gave 
i oz. of rubber. 

(I) A tree, 24 in. in girth, was tapped by making four 
vertical parallel cuta 16 ft. high; after two days four 
oth~r cuta were made between the first incisions. 

Ru»ber from 1st tapping • 
2nd " 

OL 

,21 
11 

(g) A tree, 20 m. in ~ was tapped by'making four 
vertical para.I.lel cuta to .. height of 8 ft.; when the lIow 

-of ~ ceased the cutll were continued to a height of 
lG~·"~ • 
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• 
Rubber from 1st tapping 

2nd " 

011. 

I 
I 
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(h) A tree was tapped by the full-h~rringbnno system, 
he vertical channel being S ft. long and t h~ later..! in­

cisions I ft. apart. The lateral cuts wore fNpelled on 
alternate days by paring the lower surface in the manner 
adopted for Para trees : 

Rubber from 1st tapping 
2nd 
3rd 
4th •• 
6th 

Total 

... 
l'6 
0'5 
0'26 

.) 0'2 

.1 
•• 2'45· -. 

No definite conclusions as to the h<lst method of tapping 
can be drawn from these experiments, but the results may 
be summarised as follows: 

(I) The spiral system gave the best yield of rubber 
and then the method of long, vertie..! cuts. 

(2) There appeared to be no wound response, 88 the 
yield of rubber steadily diminishes with sucoee-
sive tappings. . 

(3) The yield of rubber obtained from a. tree after a. 
year's interval was less than the original yield, 
no matter whether the new tapping was made 
on the same side of the tree or on the opposite 
side. 

II. The trees which were tapped in 1909 for the first 
time were retapped on the Banle area in 1910, but the 
results were very poor, the amount of latex obtaiaed 
being only one-tenth of that yielded in 1909. 

m. During 1911 tapping experimenta on the Fun. 
tumia. \tees in the Manlu Reserve were undertak&n on a. 
larger se..Ie: 5,456 trees wese tapped, of which 2,039' 
were wild trees and the rema.inder cultivated trees. 
The fnU.herringbnne system was employell, the cultiva.ted 
trees i>eing tapped by means of .the Christy knife to a. 
height of 12 ft. and the wild trees by the na.tiva ~. 
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to the first branch. The (o(al !'ield of dry rubber from' 
the 5,456 trees was 702 lb., or ap;,roximately 2'06 oz. 
per tree. 

The experiments were continued during 19i2, tapping 
being commenced on both wild and planted trees on 
May I. Up to the end of June the results obtained were 
as follows: 

. 
Nnmherol 

treel tapped. biscuitrubbt1'. l"O~rb;!~::ee. 

\ 

Weightofdry A'f"erageyieldof 

---------[----- --cc'b-_ --[-----

Plant3tion trees 
WiLi ..... 

1,954 ,114'6 0'93 
354 _I 40'5 l'S 

It was stated tQ.at the wild trees gave a poor yield of 
rubber for their "ize, owing to the drastic treatment they 
received years ago; but notwithstanding this, they fur­
nished twice as much rubber as planted trees 18 in. or 
more in girth. 

In these experiments the rubber was prepared by 
boiling the diluted latex and was subsequently smoked. 
The cost of tapping and preparation was approximately 
Is. ad. per lb.; but it is B(.ated that this figure will be 
reduced as the tappers become more expert. 

IV. In 1910 eighty-four of th" native communal 
plantations of Funtumia trees, which have been estab­
lished in Southern Nigeria, were tapped for the first time 
under the direction of the Forest Department. The 
plantations were also thinned at the same time, the trees 
to be removed being marked by a Forestry officer and 
then tapped to exhaustion before being cut down. 4,706 
of the permanent trees, 18 in. and over in girth, were 
tapi'led once by the full-herringbone system to a height 
of 10 ft., the cuts extending half-way round the stem. 
The total yield of dry rubber was 413 lb. 1~ oz., 
,equlvalent to a yield of 1'406 oz. of dry rubber pel' 
tree. In addition, 28,815 trees were tapped to exhaus­
tion and cut out., the majority of these beUlg, however, 
very snail and scarcely worth tapping: they furnished 
.-a lb. 4. OIL of my rubber. or an average yield of. 0'337 os .. ~;~ 
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Three hundred of th" n"t ivp romlllUlml plantation" ill 

the ('<'nlml Proyiller of Soutlwrn Nigeria were laPI"-'<I 
during 1911. A yield of 1.8H5 lb. II oz. of dry rtlhber 

• was obtained from ~(I.210 })(>fmH.!Wnt trp("s, <"qual to l\ 

yield of 1'49 oz. pc'r tree. 5~, If\(; tret'. weN also tapped 
to exhaustion and ('ut (lilt. yidding 1,(1(;4 lb. 12 oz. of dry 
rubber, or an an'ragt· of (1':1211 oz. per tIW·. Th('$ yields 
agree closely with those obt.aiIlGIl th,· l'l't'\'ious yoar. 

l'GAXD.'.--Th .. ""Nag" yidd (If dry rubl:xJr from 
mature Funtumia trCCf;! in the t:ga.ntla fore~ts. wh('n 
tapp"d to a hright of 30 ft., is plt"'l'd by )<'yfi" at 6 or 
6 oz. per annmn. 

In an experiment condueted by nttw(' in the Bugoma 
forest, fifty Funtumia trees weI'e .aken haphazard in 
difirrcnt· parts of the forest. They 111m an avertl&" girth 
of 2i! in. and were tapped to a hPight of 22 Jt. The 
",'erage yield of dry rub]",r pel' trec· from the sin!1;lo 
tapping was 3t oz. The (jlt:tlltity of latex f1r.rnishcd by 
the different trees rangc·d from 2} to 20 fluid oz., tltlllJ 
showing a very ('oHRid('rablc varhtion in the yield froIn 
difI{'f{'llt tre,es. 

Christy hM publi'hcd the result. of a number of 
tapping experiment" on wild Funtumia tl'CC'S in Uganda 
by the pricker method. TWCIIty'ci~ht trocs varying ill 
girth from 191 to 461 in. were tapped, mo.t1y to a height 
of 30 ft. The yield of latex ranged froIII 3'13 to 2(J fluid 
oz. p.'r tree, and the a!hount. of dry rubber from 0'36 to 
5')4 oz. per troe from the single tapping. 

In the lIfabira forest of Uganda over 400,000 wild 
Funtumia trees, 18 in. or more in girth, [utVe been tapped 
during a single year, and the average yield of dry rubber 
per tree amounted to 3 oz. 

ClllElWON8.-Large numbers of Funtumia. trees have 
been planted in the Cameroons, and, according to Prous, 
the average yield of rubber obtained by tapping several 
hectares of eight- te nine-year,old trees W88 not more 
than 48 grams (1'4 oz.) per tree. More recently tlte yield 
has been increased to 60 to 70 grams (2'1 to 2'4 oz.) per • 
tree.. " 

Individual trees may give much larger yields, but the 
"bovp figures are valua.ble as representing the r",""tAI qf, 
tapping cultivated Funtumia trees on a fairly large sc'lle. 

BS'WUN CoNOQ.-Tbe fo!lowing 1'C8ulta 01 tapping 
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experiments made with Funtumia elastica trees growing 
in the Belgian Congo have been recorded : . 

No. of j Yield 

District. t,,~ .... Tapping method . olliry 
rubber tapped. pert.ree. 

y ..... ... 
Bakala (Middle Congo) • 10 9 Tappod during 10 21 

days 

~~1~~~~~.~fq~·~) 62 8 Single tapping il 2 8 Three tappings at in-
tervals of one month 

Do. 6 
\ 

8 Do. 3 
Libeng6 (Ubaogi) : 241 8 Single tapping 2 

Do. 127 - Do. 2 
Do. 

i 99 - Do. It 
Do. ll4 - Do. 2 

Ba.ngala~· 96 - Do. Il: 
I 6-7 Tapped during 2 days I 61: 

Do. I . I 8 Do. 3t 
_Do. I 8 Do. 6! . 
Composition of Funtumia RUbber.-The following 

analyses, made at the Imperial Institute, illustrate the 
composition of a number of specimens of Funtumia 
rubber obtained from different countries and prepared 
by different methods. Samples of the rubber in the 
form of biscuits, sheet, and crepe are included, as well as 
specimens of native" lump." 

It will be seen that some of the specinIens of lump 
rubber are exceedingly resinous, indicating that the 
latex of Funtumia elastica was adulterated with other 
inferior latices in their preparation. The rubber in the 
form of biscuits, shoot, and crepe is usually of very good 
quality, although the percentages of resin and protein are 
frequently. fairly high. 
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• _. ~otIlI'QllIUQ1'l oItlr. , __ 11,,11 rut'lIN. 

~iooolrubbe"t. i_;:'!~ I ~n. fr:~:::--~b~-
-----"--1--------- I':;;;:;;; ,;;;;~,h'"'''''' ;;:;:;;;, 

Shoot ",bber, latex' Sierra Leone 

Do. 

Do, 

Gold Coast 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 

Southern Nigeria 

Do. 
Do. 
Do, 
Do. 

Nortb_ Nigeria 
Liberia • 

Do. 

Up>~, 
Do. 

boiled without addi-
tion of "'Ater. . 8G'9 6'9 8'0 

Shee' rubber. latex 
diluted with 0t]ul\l 

1'2 

quantity of water e.tfd 
boiled, , ,91 '3 6'7 2'6 0" 

Shoot rubber. Iatox I 
dilutro with ten tim~ 

!:d ~~U~(' of. WSW," ~ 91'4 \ fl'4 1'9 0'3 
Biscuit tubber, latex! I 
==:uaI~a'7I!C6' 58 8'3 1'3 

Do, Do, 82'0! 6'0 8", 1'6 
Biscuit rubber. Ia.tex I 
coagulated by addition! _ • 
of formalin. ,! 79'S 110"5 I 0'3 (n 

Biscuit rubber pro-I ., 
pared by nativeo '! 87'0 9'9' 2'2 0'3 

Shoot rubIN, late>: 
coagulated with infu. 
mon of Bauhinia II I 
.... tculato l""vee • 88'5 I 8'7 ~'3 0"6 

Do. Do. 80'0 S'1 1'0 0" 

~;;:. rubber ~o'lat"x I 88'6
j 

S'9 2'1 0" 
ooagulated by juice 01 

L~::: ~~nbcr.· labe~ SO'" I 10'(; 3'u 0'0 

COf1.gulatod by juice of I 
Diooh& vin(l. . 81'1 10'7 

Sheet rubbor. latex 
coagulated by boiling 
after dilution with 

7'2 

water • 89'4 8'0 1'0 
Do, Do, 88'3 S'9 2'4 
Do. Do, 87'0 9'2 S'l 

~~ump ~rg Zr: oj n 
Lump rubber 5<0'1 I 30'1 16'1 

Do, • 8.-2 I 7'2 2'2 

Do. • 78'1 112'9 8'1 
Do. • 85'5 6'0 ( S'S 

Biscuit rubber. 86'1 0'5 6'" 
_ rubber 110"3 "1 J., 

1'0 

(1'4 
0" 
0" 
0'8 
J'1 
"7 
I" 
0'9 
") 
0'8 
0'3 



CHAPTER XII 

THE AFRICA:!!! RUBBER VINES 

African Rubber Vines.--The rubber vines belong to the 
two natural order,! A pocynaceae and Asclepiadaceae, 
those o( the former order being much the more important. 
They oc,eur especially in tropical Africa, where they are 
very widely distributed, and are nlso found in Asia and 
America. Lists of the principal rubber vines, with their 
geographical di,tributions, have been given previously 
(see pp. 40-1), and in the following account it is proposed 
to deal in detaiJ with the African vines. 

The principal rubber-yielding vines occurring in 
Central Africa belong to the three genera Landolphia, 
Clitandra, and Carpodinus of the natural order Apocy­
naceae, whiM species of l'ryptostegia. belonging to the 
order Ascl<.>piada.ceae are found in Madagascar. A 
number of ot.her genera. of the Asclepiadaceae, e.g. Peri­
ploca, Dregen, and Asdepias, arc represented by rubber­
yielding species, but these plants are of little value 
u.s commercial sources of rubber. The most important 
African vines are Laniklphia Heudelotii, A.DC.; Lanikl­
phia owarietk.a.., Beauv.; Lando!phia Klainei, Pierre; 
La.,uJo[pJ.ia .Kirkii, Dyer; Landolphia Dawei, Slapf; and 
Clib.ndra orienJalis, K Schum., with the closely related, 
if not identical, forms Clitandra dastica, Chev., &lid 
Olil4ndm Arnoldiallll, De Wild. The vines of lesser 
inrportAnOO are included in the previous list Already 

, referred to. . 
In addition to the vines'there are a nUIllber of bushy 

plants belonging to the genera Landolphia, Clitandra. and 
. Carpodinus which furnisjl " root rubber" from then- under­
ground ~JDI! (r~izomes). The c~ef of ~"'*: are Landolphia 
T~. Dewevre; undolphia ptJNJJjolJlJ, K. Schum.; 

lB8 
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The chamcters of tho principal African ruhber vines 

are bri By given in the following descriptions. For 
fuller particulars reference should he made tq the section 
on the Apocyn .. ceae by Dr. Otto Stapf in the Flora 0/ • 
Tropical A {rica. * 

Landolpltia Heuddotii, A.DC.-Tiris plant occurs both 
ILS a shr ub and ILS a clim her with branched tendrils 
(modified inflorescences). The leaves are oblong to 
elliptio or subl .. nccolatG, with obtusoly subacumiuate 
or obtuse or subacute apex, and are obtuse or subacute 
at the base; I to 3 in. long and! to I t in. broad. Tbe 
flowers are strongly scented and are arranged in shortly 
peduncled or sessile many-flowered corymbs or in 
elongated panicles;, the corolla tube is whitish, slightly 
tinged }"ith yellow, and the lobes pure white. The fruit 
is pea.r.~haped or globose, from 1 to 3 in. in diameter, 
yeJlow, and bas a·coriaccous rind. 

Landolpli.Oa H eudelotii has not such a wide distribution 
as some of the oUler species, being restricted to the 
extreme western portion of tropical Africa. It is found 
in the colLStal regions of this area from Senegal to Sierra 
Leone, and also occurs in the southern districts of the 
French Sudan as far east as Bobo-Dioulasso, and in the 
northern portion of the Ivory Coast. In the Frenoh 
Sudan it occurs commonly as a bush on the dry lateritio 
plains where there is no rainfall for about six months 
of tile year, and appea.rs to thrive under such conditions ; 
in the forests of the coastal regions it develops as a vine. 
The rubber which it furnishes is of very good quality. 
4ccording to CbevaJier, 2,000 tons of rubber have been 
obtained annually since 1895 from L. He:udelotii inFrench 
West Africa. 

Landolphia owariell8is, Beauv.-A climbing shrub, ire­
qUlHltly attaining a.la.rge size, with long hook-bra.nched ten­
drils (usuaJly more or less modified inflorescences). The 
lea.ves are oblong with acuminate or almost ohtuse a.pex, · 
and are subobtuse or subacuto a.t the base; 3 tb 6 in. 

, long and 1 to 3 in. broad. The flowers, which occur in 
Bbortly peduncled, lIl&Ily-ftdwered panicles, I'l6 small and 
white, but soon turn brown. The fruit is spheriea.l, 1 t() 
21 in. in diameter, yello", mottled with red, a.nd the woody 
rind is wrinkled or irregularly grooved. (See Plate X.) 

• LIIadaol : Lo....n Bene" Co., Lt., Hrmiotta street. Co"",,~ GoodtIIL 
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Thill vine ill very widel,y dilltributed over a large portion 
of tropical Africa. Its western limit is French Guin"", 
whence it IIxtends eastwards, through Sierra Ll'ont', the 
Gold Coast, and Nigeria, across the continent into the 
Bahr-el-Ghazal Province of the Anglo-Egyptian Sudan; 
south of this line it occurs throughout the Camoroolli<, 
the French and Belgian Congo, and also in Angola. Nor­
mally the plant is found as a Vnc, but it also OCCtll'!l as 
.. bush in open counlry. Chevalier considers that t.lw 
species L. humili8, K. Schum., from the Congo is really 
the bushy form of L. ounriensiB. 

The rubber furni."hed by L. owariensu, is of exc('lIcnt 
quality, and the vine is one of the principal sourCe" of 
African rubber. • 

Landolphia Klainei, Pierre.-A climbing shruq. usually 
attaining a very large size, with long branch~ tendrils 
(modified inflorescences). The leaves "re oblong, grMiu­
ally tapering to an obtuse or subacute lIt!umen, and 
rounded or shortly "ubacute at the base; 5 to 10 in. 
long and 11 to 3 in. broad. 'l'be flowers occur in dense, 
subsessile, many-flowered corymbs or in elongated 
panicles. The fruit is globose and very large, from 6 to 
10 in. in diameter, yellow when mature, with hard rind. 

L. Klai ... ; is one of the most vigorous of the African 
rubber vines and is noteworthy in having such very large 
fruita. It is an important source of rubber in the Belgian 
Congo, and also occurs in tbe French Congo, the Cameroons, 
and the Gaboon. Thill vine has been rooOrded from the 
Gold Coast, but does not appear to be abundant in tbat 
country. 

La'fIIkHphia Kirldi, Dyer.-A climbjng shrub with long 
branched tendrils (modified inflorescences). The leaves 
are very variable in size on the same branch, Ianoeolate 
to oblong, rarely more or less ovate or elliptic, UBlI8lly 
gradually tapering into a short obtuse acumen, and 
shortly acute or obtuse at the base; 1 to 4 in. long and 
from I to I i ill. broad. The flowel'll are whitish "and are 
arranged in dense, subsessile many-flowered coryrnbe or' 
in somewhat-loose panicles. ~ fruit is obovoid-globose. 
&ad from 11 to 3 in. in diameter. (See Plate X.) 

L. Kirlm is the most im~t rubber vine in Ea.st 
Africa, wbere it is very widely distributed. It OOCUl'll in 
Abyssinia, the East Africa Protectorate (but not in 
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Uganda), German and Portuguese East Africa, Nyasaland, 
Rhodesia, tho eastern portion of the TransvaaJ, and 
Zululand. The wild rubber collected in the, above area 
is principally derived from this vine. The product is of 
very good quality. ' 

Landolphu. Dawei, Stapf.-A soa.ndent shrub which has 
not been observed to have tendrils. 'rh leaves are oblong, 
shortly acuminate, and subacute or obt.use at the base, 
4 t{) 8 in. long and I i 'to 2i in. broad. The flowers 
are grouped in dense subsessile corym bs which occur 
at the end of the branches or arise from the axils of the 
uppermost leaf pairs. The plant is closely aJlied to L . 
oll.nriensi8 and L . Klaimi, but is easily distinguished 
from tbese species b,v its m ucb larger flowers. 

This vine ocours iII Uganda and probably in the Belgian 
Congo. < It gives & large y ield of rubber, which is of very 
gopd quhlity. • 

Latulolph·a Thollonii, Dewovre.-A dwarf shrub from 
G to 12 in. higb. The leaves are narrowly oblong to 
lMoeolate, obtusely subacuminate at the apex, and 
rounded at the base; 1 to 2 in. long and! to i in. broad. 
The flowers are creamy white, and &re arranged in small, 
dense, terminal ecrymbs. The fruit is globose, from 

. 1 to 2 in. in diameter, mottled dirty yellow when mature, 
with thick ri.nd. (See Plate XI.) 

This plant is one of the principal sources of the so­
called root rubber which is obtained from the bark of the 
underground stems (rhizomes). It occurs in the French 
and Belgian, Congo, Angola, and Nyasaland, usually 
growing on sandy plnins. 

Landclphia parvi/olia, K. Schum.-A small much­
branched shrub which develops tendrils (modified inflor­
escences) from the branch forks. The leaves are small, 
obl"ng to lanceolate, and subacuminate to subobtuse at 
the base; t to Ii in. long and about ! in. broad. The 
flowers are pale yellow or white, in small, dense, subsessile 
or sh<aUy peduncled corymbs. The fruit resembles .. 

, small orange in shape, 1 to 2 in. in diameter, ~nish-
purple outside, with smootJI thick rind. • 

L. parvi/olu. is also one of the sourcea of root rubber. 
It is found in Angola, Rhodesia, and Nyasaland. 

CliiafUlra orinItali8, K. Schum.-A climbing shrub with 
c;>blong or o~ceolate leaves, which a.re 3 til 31 in. 101lJ 
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and 1 to J i in. broad, ob'usely acuminate at the apex, 
and acute or subcunoot<l at the i>a._'I(l. 1'he Bowen am 
arranged in dense, com pOWld, axillary and terminal 
corymbs. • 

This vine occurs in German EaHt Africa and Uganda, 
where it is an important source of rubber. 

Clitandm ArnoMi<>lw, Dc Wild., which is found il\ the 
De1gw,n Cungo, and Cliltz,ndra cla.stica, ellev., occurring in 
WLost Africa frOIll the Ivory eo ... t to :';outhern Njg~r.ia, 
!Ire probably varieties of C. orielltalia. 

Clitandra he"riq~iana, K. SChulIl.-An erect shrub, 
~p to 6 in. in height, and much branched frc'ID the balle. 
fhe leaves are lanceol"te or oblong-Iam,colate, obtusely 
subacuminat<l, 1 to 2 in. long and i to f in. broad. The 
flowers are arranged iu shortly pedtilcled, few-flowered 
axillary cymes. (See Plate XL) • 

This plant, which occurs in Ango'- and Nbrthern 
Rhodesia, is one of the sources of root rubber.. • 

Growth of Rubber Vines.-The majority of the rubber­
yielding vines are very slow growers, and in eonsoquenoe 
plants raised from seed require a cOllBiderable time 
before they attain a suffiCient size for exploitation. The 
rate of growth is known to vary widely in the different 
species, but there is little definite information as to the 
average age at which the various vines can be tapped. 

The results of cultivation e'tperiments in the Belgian 
Congo indicate that Larulolphia Klainei, which is one 
of the quickest-growing vines, may be ready for tapping 
when about eight years old, whereas it seems probable 
that the other species of Landolphia and Clitandra in­
digenous to the country could not be tapped until tbey 
are about fifteen years old. 

Some interesting particulars have boon given by 
Chevalier and others regarding the rate of growth pf 
L. Dawei, which is another quick-growing vine. It 
is stated that the growth of the seedlings is at first 
slow, at plants raised in a nursery on good soil only 
attained a height of 6 in. in six months. Schlechter 
measured some plants of thia species. two and a half 
years old, whiclh were growing at Soppo in the Cameroons, 
and found the stoma to be J 6i ft. in length. but _ tha.o 
I iD. in diameter; whilst Preuss rt>cords that specim_ 
at lLmt.e-Cafe in San Thome, when five yeat8 old, bad 
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reached the summits of the supj>orting trees (over 80 ft.). 
but he docs not give the diameter of the stems. These 
vines at Montc-Cafc when seen by Chevalier were twelve 
and a half years old. and had attained the' size of tho 
fully grown vines occurring in the forests of tropical 
Africa. Two stems which he measured were 18 and 
20 in. in circumference at the surface of the soil. and 
16 in. at a height of 6 ft.; another measured 18 in. in 
circumference at 8 in. ab .. ve the soil, and at 12 i.."l.. divided 
into four branches, each of which was 10 in. in circnm­
ference. Chevalier states that none of the other species 
of Landolphia of which he has had the opportunity of 
lu~asuring specimens of known age shows such rapid 
growt h as these vines of L. Dawei at Monte-Cafe. 

With regard to 1[,. H eude1otii, Henry has expressed 
t·he opit.ion that vines growing under the best conditions 
in the {orests of Casamance or the Ivory Coast can 
be tapped ;when abont eight years old. whereas in the 
dry regions of the Sudan the vines are not ready for 
tapping until at. least ten years old and the bushes not 
bdore the twent.ieth year. 

Experiments with L. owariensis in the Gold Coast and 
with L. Kirkii in Nyasahnd have shown that both these 
species grow very slowly under cultivation. 

The growth of the plants is also considerably affected 
by their environment. As already pointed out. certain 
species develop into either vines or bushes according as 
they occur in forest or upon op('n ground, and the vines 
are also influenced by t.he conditions under which they 
grow in the forest. It has been found that growth is 
most satisfactorv when the vines occur on the outskirts 
of the forest or ~l open forest, where they have free access 
to light and air. In dense forest, on the other hand. the 
growth is retarded and the stems remain exceedingly 
thin until the vine has climbed to the top of the support­
ing tree and can expose its leaves to the light. after which 
the stems begin to increase in thickness; vines ll"'owing 

• under these conditions, therefore. develop very slowly. 
The rubber vines also d;ffer considerably in vigour of 

growth, some of them IIttaiI)ing very large dimensions 
whilst others remain comparatively small. Wild speci­
mens of L. KIa;.,..i and L. Dawei, two of the most 
vigorous vines, have boon recorded with stems 12 in. 
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in diameter at the bMC ruM over 300 ft. in length. L. 
ouurieMi8 al$f} grows to Ii large size, but does not 
quite rench the dimcn.ions of the two species just 
mentioned .• 
• CoIleetion of the Rubber.-The methods generally 
adopted by the Ill.tives for preparing rubber from these 
jJlants may be gl'Ouped under the following beads : 

• (1) By trl(,Z,h,q incisions in the ""1118 and allowing tM 
lakx 10 coagulntc .ponumcolt._,ly in-the cw.-Iu .. number 
of cases the llltcx (If rubber vines docs not flow freely, 
and when incisions are made ill the stems the latex simply 
exudes into the cuts and there coagulates. Sometimes 
the vine is tapped as it hangs on its supporting tree, 
the native climbing amongst its spreading branches for 
the purpose; ill other cases the mail:\ stems of the vine 
are severed as hig!. as po""ible and arc tlien pullEd down 
from the troo, laid .nong the ground, anll tapped en that 
position. Wliichever method is adopted, the nativll 
usuu.lly make. numerous incisions on every· a.vailable 
stem, both large and sm .. ll, the cuts being often of 
cOllBidcrablo size. 

When the latex IS so thick that it only fills the incisioll8 
without overflOWing, coagulation takes pJ.a.ce very quickly, 
and after a short interval the strips of rubber can be 
pulled from the cuts. In other instances, bowever, the 
latex flows a. little more freely for a. short time, so that",. 
small quantity runs from the cuts, and in order to prevent 
the loss of this portion it is collected in a vessel or on 
a leaf,a.nd is spread out in a thin layer to hasten its coa.gula­
tion; or it is received in the hand and smeared on the 
chest arid arms of the collector, where it quickly coagu­
lates. Other methods which are employed in such 
cases are to cut off a long .lice of bark, exposing the wood, 
and to spread out the latex in a thin layer on the lIIlrlace 
thus obtained, or to smear the wound with a ooaguIa!t 
such &8 a solution of salt or an acid liquid. 

The fIlrlps of rubber thus obtained are usually made 
into bnl.Is of varying sizes, which are known iii the • 
market &8 "niggers." Genera.lly the bnl.Is are formed 
by the natives'at the time of stripping the rnbber from 
the incisions. Sometimes, however, the natives colleet the 
rnbW in • loose IWII!S, and afte:r-roa wash it in warm 
w.ter to remove the fra«mente of bark as far as po!IIIlbIa 

.. 
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before winding the strips into' balls. In certain districts 
the strips of rubber arc made into cylindrical or spindle­
shaped rolls, instead of into bails. 

This method of collecting the rubber is a~pted in the 
cage of L. Hewlelotii, L. owariensis, and L. Kirkii. 

(2) By collecti'/i{/ the 14tcx in bulk and subsequently 
coaguwting it.-This method is, of course. only applicable 
to those vines which yield their latex freely when in­
cisions are made in the st.cms. 

As in the preceding case, the natives either tap the 
standing vines or first pull the main stems down from 
the supporting tree and lay them along the ground. 
]\" umerous incisions are made in the stems, the IM.ex being 
collected in cups made from leaves or in receptacles of 
some other kind, and subsequently eoagulatoo. A 
quantity of scrap rubber can afterwards be collectOO from 
the inci:ion.li. f 

• Another plan which is adopted in some districts consists 
in severing the main stem of the vine a short distance 
above the ground and pulliug the vine down from the 
tree as completely as possible. The stems are then cut 
into short pieces about 12 in. in length, which are placed 
upright in a trough and the latex allowed to drain from 
them as completely as possible. The small quantity of 
rubber which coagulates on the cut ends of the stems is 
subsequently collected, and sometimes the rubber left 
in the bark after the "bove treatment is extracted by the 
process of beating described on p. 195. 

The latex collectOO in bulk by any of these methods 
is coagulatOO in a variety of ways, the principal of which 
are the following: 

(a) By heat.-The latex may be coagulatOO in many 
cases by the application of heat, either by boiling the 
latex, by immersing the vessel containing it in boiling 
water, or by pouring the latex int{) boiling water. If the 
latex is coagulated by the application of direct heat, 
great care should be taken to avoid over-heat'ng the 
rubber, and the other two methods, when effective, are to 
be preferred, as they obvhte this danger. 

The latex of Olita'lll1ra orientalis, and aIso of O. Af"IIOId.. 
sa... and O. ela8tit:a. is readily coagulated by boiling. 

(II) Br ~ adtlilioa ()/ wriou8 coaguimIIIt.-The ooagn­
JaatIt, ~ uaeol·"" tile _uvea for the latex of 
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• rubber vines ·consist of acid juioee of plants, or acid 

decoctions made by boiling certaiu leaves or fruits with 
water. In the Belgian Congo the juice of two species 
of CastUg, t. aler and C. lucanuaiaflU8, is emploYed to 

• coagulate Landolphia L .. tex; whilst in West Africa de­
coctions oi the fruits of the native sorrel (lIibtM;1U &b­
dariUa), of the pulp of tamarind fruits (T"marindUif 
indica) or of the leaves of Bauhini4 reliculata are UAeIl 
for the same purpose. The acti\oe coagulant in all these 
cases appears to be the vegetublo acid present in the 
juice or decoction. Lemon juice or a solution of citric, 
turturic, or acetic acid may also be employed for effeCting 
the coagulation. In some cases a solntion of salt is 11icd 
by the natives for the purpose. 

This method of adding a coagulant to the latex is 
adopted for the preparation of the rubber of E. Drrwei and 
L. K/ainei, and also of L. owari",aia and L. 8eudelolii 
when the latex is collected iu bulk. • 

The rubber obtaiued by these processes of coagulation 
is treated iu different ways in different parts of Afri~. 
In Uganda the freshly ~oagulated rubbor is rolled out 
iuto a b~uit or sheet, which L, then allowed to dry entire. 
In the Belgian Congo the rubber is obtained in thin sheets 
by placiug a portion of the freshly coagulated product 
between leaves and stamping it with the feet. These 
sheets are afterwards cut up into small cubes or iuto 
very thiu strips, which are wound into balls of varying 
sizes and resemble those obtaiucd by collecting the strips 
of rubber from the incisions. In W cst Africa the sheets 
of rubber are cut iuto thicker strips, which are afterwards 
rolled up and form what are known as "twists" iu the 
market. 

(3) By the mechanical pr0U88 0/ beati1l9 the bark.-This 
method is exclusively used iu the ease of the slll4ll, hUjlty 
forms of Landolphia, CIitandra, and Carpodinus. which 
ouly furnish rubber from their underground stem.s 
(rhizon!ee), the product being usually known _" root 
rubber." It is also employed iu some districts of Africa • 
for obtaiuing.rubber from tlfe bark of the stems and 
roots of the vines. • 

The process used iu the case of the rhizomes is gerJAD'IllIy 
88 foJioWlf; ;. 

The rbilIomea are dug up and espoiJed to t.he IIWl for 
U 
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some time in order that the' latex may be completely 
co:tguhted. They are then cut into lengths and made 
into bundles, which are carried to a convenient place for 
treatment. The separation of the bark i& effected in 
different ways in different districts: (1) by beating the 
dry rhizomes between two stones or upon a block of 
wood with a wooden mallet; (2) by soaking the rhizomes 
in water for two or three days and then beating them 
as above (this procedl'a"e facilitates the separation of 
t he bark, but is stated to affect adversely the quality of 
the rubber obt!\incd); and (3) by stripping off tbe bark 
with the aid of a knife. The separated bark is exposed 
to, the sun for several days in order to dry it thoroughly, 
and is then be ",ten in a wooden mortar with a pestle 
of wood, or upon a Mock of wood with a wooden mallet, or 
sometimes bet ween stones. By this treatment the bark 
is rcduc(,d to coarse fragments, and tllC particles of rubber 
which it cQntaills adhere together and form a loose mass. 
The beating is continued until as much as possible of 
tho bark has been eliminated from the rubber. The 
cake of impure rubber, sometimes divided into small 
pieces, is then placed in boiling water for a short, time 
in order to soften it and is .again beaten as before. When 
a mortar and pestle are employed, boiling water is usually 
poured into the mortar and the beating continued in 
the presence of the water.. This treatment of the crude 
ruhber with boiling water, followed by further beating 
facilitates the removal of the vegetable matter, and the 
prooes8 is conti.nued until rubber of the required degree 
of purity is obtained. By repeating the operations a 
considerable number of times, very pure rubber can be 
prepared by t his process; but as a rule the natives only 
treat the rubber two or three times with boiling water, 
an,d consequently the product which they obtain gener­
ally includes a considerable quantity of vegetable im­
purity. The cake of finished rubber is usually cut up 
into B/Uall pieces which are placed in boiling waier, and 
whilst still soft are formed by pressure into balls or 
cylindrical roUs. . 

Similar processes to the~ above are also' employed by 
·the natives to prepare ruhber from the vines, the bark 
of. ~,Jtems and 1'0014' being used for the purpose. The 
~,of ~.1tp'tbe roots of the vines for exploita-
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tion in this way leads, hOl'ever, to the inevitable destruo­
tion of the plants. In the case of th" "pc<)i<,. with 
rhizomes, sufiic,ient of the underground stems arc usually 
left in the gfound to ensure the production of new plants; 
but there is a considerable danger of their extinction 
if the process is extensively worked by the natives. 

A number of machines have been designed for tho 
extraction of rubber frorn bark by mechanical proce"""., 
analogous to those ('m ployed b, the natives, and Homo 
of them give very satisfactory results so far as th" yield 
and quality of the rubber are concerned. Very large 
supplies of bark are, however, required in Older to run all 
installation of these machines for any length of time. 
The Guiguet and the Valour mMhines are the t'w" 
principal types in use at the presen, time, and installa­
tions of each of these have been tried in diifereAt parts 
of Africa. Such machines can, of ~, be.used to 
treat any suitable bark containing a sufficient amount 'of 
rubber, and not merely the bark of LandoJpht.. stems. 

Yields of Rubber from me Viues.~In comidcring the 
recorded yields of rubber from the African vines, it will 
be convenient to consider the different species ""pa.ratdy. 

Landolphia Heu4elotii.-Chevalier made a careful study 
of this vine in the French Sudan, and estimnted from 
his experiments in that country, whi~h has a dry climate, 
that the average yield of dry rubber from a vine which 
had been previously tapped was about 50 grams per 
annum, the vine being tapped twice during the year. 

In the moister districts, such as Casamance and tho 
Ivory Coast, the yield of rubber is greater than in tho 
Sudan. Experiments by Teissonniet gave the following 
results : 

LJI ewlelotii bushes 

vines .. 

A_)ield 
Age. of rubr 

pwplNlt. 

yean. -. 
8 73 
6 '29 
6 80 

Similarly, a series of experiments was conducted at 
~acounda in Casamance ~ Maury on eight L. 
Hf.1Mlelotii vines, the oldeat of ~ was .stated to be 
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ten years, and the following yield& of rubber were ob­
tained : 

No. of sterno, Yield of 
tapped .... rubber. 

grams. 
No. I 8 94 

" 
2 8 48 
3 I 8 
4 4 11 
5 2 6 
6 I ,31 
i I III 
8 3 50~ 

The total yield of rubber from the eight vines was 
232' 5 crams, an Jverage of 29 grams per vine. The 
vines a.~" tapped three times a year by the natives; and 
if, the average :field obtained in the experiments was 
normal, it .... ould correspond to an average annual yield 
of about 87 grams per vine. 

Later iri"l. made at the experimental garden at 
Cltmayenne have shown that 100 to 150 grams of rubber 
per annum can be regularly obtained in two tappings 
from L. H ewielo!i; vines when ten to twelve years old; 
and Yves Henry, the Inspector of A"arieulture in French 
West Africa, has expressed the opinion that eight-year­
old vines growing 'mder the best conditions will yield 
at least 200 grams of rubber per annum. 

All these yields of rubber from Landolphia Heudelotii 
were obtained by tapping methods only. 

£an.dolphia owariensis.-A number of experiments to 
determine the yield of rubber from vines of this species 
have been made in the Belgian Congo, the rubber being 
first extracted by tapping or by cutting the stems into 
shtlrt lengths, and subsequently by beating the dried 
bark. 

1!rom a vine seven years old CranshofI obtaiqed the 
following results: 

Yield of rubber. -. 18 
37 
8 
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• 

The total yield of 11lbber from this vine W&!I, therefore, 
63 grams, of which 45 grams were obtained by beating 
the bark. • 

• An important series of experiments has been made 
with L. owaricnsis vines at the Botanic Gardens at Eala 
by M. Seret, the Director, in order tc determine the yield 

• of nlbber obtainable from them. In these experiment<! 
the vines were severed at about 3 ft. from the Boil, and 
the stems cut into pieces from J.'I! to 20 in. long. The 
latex was allowed to drain from the pieces of stem and 
was atl.,rwards coagulated. The portions of .tem were 
collected, dried for three weeks, and the rubber remaining 
in the bark was extracted by beating. The following 
table summarises the results which were obtained: • • 
---.... --... --_ .. ---,--_..-:--''r---

. I Lengtllof I Circumfer'l Yield of Yield at t]~j~~r Total }1,,1d. 
B:I:periJ::oent. _ten! I enCf of ete:cn latex. dry rubber by beat.IJlg of dr1 

tre:t.ted. • tr{lZ latu. bark. rubber. 

--------------"""""'1 -ro. I roo ",omo. ........ ........ I 12 14 at _ 58 8 6 14 
2. . 56 201.06 235 57 180 237 
3. • 46 I 36" 33 600 150 72(J 870 
4. • III 7" 5 - 2 23 26 ----------
Totals - I - 217 929 1,146 

It will be seen tlJat in experiments 2, 3, and 4, the 
yield of rubber obtained by beating the bark was very 
much grooter than that obtained from the latex. In 
the first experiment, however, the yield of rubber from the 
bark was less than that obtained from the latex, and an 
experiment at .Dena Dibele gave a similar reault, as 
follows: 

grams. gra.lm. fI*lIIf, 
19 to 16 1113 t~ lit 

li. E:det also conducted an experiment on a large 
L. ~ vine growiDg in t» forest, using (1) the 
~ Item, (2) the branches, and (3) the root. The. prin • 

• 
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cipal Rtcm measUl'od 10'5 metres in length and' ranged in 
circumference from 25 to IS em. ; the branches which 
were treated were 27'S metres in length 'Vld the root 
4'2 metres. The same method was adopted as in the, 
preceding experiments, and the yields of rubber obtained 
were as follows: 

Portion of Tine. I.a'tn. Yieldotfresb Yield of rubbflt' by 
rubber !rom law • beating the bart. 

........ grlt'llS. 

l\{ainat-em 158 26 135 
Branches 260 70 260 
R""I<! 20 , 27 

Totals 438 100 412 

,In this experiment also the yield of rubber from the 
beaten bark was much greater than the amount obtained 
from the latex. 

M. Seret concluded from the results of these experi­
ments that in tho case of L. owariensis only a small 
proportion of the rubber present in the plant can be 
obtained by cutting the stems into lengths and allowing 
the latex to drain out, as the latex is usually thick and 
does not flow freely. Three-fourths of the total rubber 
usually remains behind in the bark, from which, however, 
it can be extracted by beating. It may be noted that the 
L. owarie""is vines used in these experiments all put out 
new shoots from the portion of the atem which was left 
in the ground. 

In illustration of the yield of rubber obtainable by 
tapping L. oll'ariensis vines, the results of an experiment 
made by the author in the Bahr-el-Ghazal Province of 
~ Anglo-Egyptian Sudan may be quoted. The trial 
was conducted during the dry season with a large vine of 
L. owariensis, var. tamentella, Stapf, which had not been 
tappeq during the previous year. The incisioAs were 
made with a V knife, 8 in. apart, and did not extend round 
more than one-thinl of th\) circumference ~ no stem leas 
than 6 in. in circtunf6rellCO was tapped. Ninety-5b: 
incisions were made on the vine, and the yield of latex 

,. was _ £C., or just under 3 00. per incision, the maximum 
~,;'" an incillioa beiDa 6 00.. The total yield of 
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• dry rubber, including that whit'h eoaguiat()d in the cut 
was 1~'8 grams, i.e. a little over 6 oz., equ..J to l' 
gram per incision. Other vines which were tapped gav 

• lowef yield: than this; but the majority of them ha 
been very severely t upped eluring tho preceding 8e&801 
and were therefore not in good condition. 

Landolphia Gelltilii.-This vine is very closely alli~ 
to L. owarie1Ulis. and a tapping experiment conduc~ 
at Bena Dibele by M. Seret ga"e the following resulu 
which are very similar to those already recorded fo 
L. ou,fLrien..'iia: 

<Jrcumteren~ of stem. YieIJofrub~r Yield of rubber by Tote.lyl.eld& 
fromfateT. blll&ting tbe bark. rubber. --om. ........ . ...... • .N .... 

19 to 16 290 408. .698 

Lawlolphia Klainei.-M. Seret obtained the followinJ 
result!! from a speoilllcn of this vine at Bena Dibele: 

ClttwDferenc:eof.tem. Yield of rubber Ylelllot rubber TI)~.of 
fromlat.ex. ..... ..... 

.... .,.,... gn .... .,..... . 
16 to U 184 41 226 

In this case, therefore, the bulk of the rubber W8J 

obtained from the latex, the bark yielding less than one 
fifth of the tot..J. 

Lawlolphia Kirkii.-It is .tatOO th&t Lawlolph~ 
Kirkii vines in Nyasaland furnish on an average about 
1 oz. of rubber per annum, the yield depending princiJ>:!>ll)i 
on the age of the vine. As much as 7 oz. of rubber I1'ave 
boon obtained in a year from specially large vines. 

Aocerding to experiments made by Capt. Silveirs 
Machl\d'o in Portuguese East Africa, vines belougmg te 
this species &ive an average ,.wId of about 28 grams at 
ODe tapping auring the dry season, and 120 grams d~ 
the v;"t season. Experiments made by the Mozambiqllf 
Company indicate that the yield of rubber varies hom 
30 to 20() grams Jl"J' vine. 
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Landolphia Dawei.-This vitie furnishes a large yield 
of rubber, but no results of tapping experiments are 
available, Dawe has stated that in Uganda vine.fof thi» 
species will give, when carefully tapped, much more 
than 8 oz. of dry rubber per annum; whilst Chevalier, 
from his experience of the vine in West Africa, considers 
that when ten years old it will );c1d 500 grams (1'1 lb.) of 
dry rubber per annum. 

In Uganda a large viM will give as much as a quart 
of latex at one tapping, and, according to the natives, the 
vines can be tapped three times a year without injury. 

Clitanilra ArMldiana.-The yield of rubber obtainable 
fro1Jl this vine was also investigated. by M. Seret at Eala 
by the same method as was adopted in the case of the 
Landolphia vines. (rhe vine was 8evert'd at about 3 ft. 
above t1.e soil and detached from the supporting tree ; 
the .tem~was thep cut into pieces and the latex allowed 
to'drain ou.t as completely as possible; afterwards the 
stems were dried, the bark stripped off, and the rubber 
extracted by beating. The result" obtained are summar­
ised in the following table: 

Length of (,ireum~ Yleldot. Yield 01 dry YJeldofdry 
ldperiment. it.&m treated. t • ..."" """ .. rubbertrom tubber.from. 

of stem, latex. wk, 

-------- ----------------
metres. <m. oo. ...... ...... . 

I 13 23 to 14 290 62 nil. , 12 24atbooe 230 45 2 
3 56 15to4 225 35 1l0t.et&ted , { 10 24 .. 11; 150 23 } nil 1:10 13 .. 5 336 38 
6 23 15atbooe 122 22 nil 

Further expetiments were made on cultivated ~es 
groTing &t E&l& and at &mania with the following 
results : 
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• Another eXJ*riment WM conducted with a large fo ..... t 
vine, ying both stems I\I1d root«. The principal stem 
WI\8 17 i metres long and from 30 to 25 em. in circum­
ference; ili'e branches were 106! metres in length I\I1d 
from 20 to 4 em. in circumference; the root was 9 metres 
long I\I1d from 25 to 7 em. in circumference. This vine 
WI\8 treated in the following manner: (I) all the part" 
were cut intQ pieces from 12 to 20 in. long and the latex 
eJJowed to drain out; (2) two" days afterwards "bout 
4 in. was cut from the larger end of each piece, when a 
fresh flow of latex was obtained; (3) two days later a 
circular incision was made in the middle of each piece. 
The following yields of latex and rubber were obtain~ : 

___ -__ "'_y_in_·. __ EI~~~·11 ~ ~=I...:":::: 
I

ff., gralIl8. ce. ~nult1l.! C'C, lP'ams 
Principal.tem • 812 230 I ! 100 Ii 84 20 . 
Bro.ncbes '11.252 330 I '50 95 Ii so 18 
Root . . 43~ j 55 jl 46 G ij nil. nil. 

---1---111 
II Yield of fresh rubber. 616 200 II '6 

The tota.! yield of fresh rubber was therefore 851 grams, 
md this furnished 720 grams of dry rubber. No rubber 
was obtained by beating the bark. 
It would appear from these experiments that the 1&tex 

of Clitandra Anwldiana, unlike tha.t of Landdphia 
cnmriensia, drains almost completely from the cut stems, 
a.nd that practiceJJy no rubber can be subsequently 
obtained by bea.ting the bark. 

It may be mentioned that four of the five vines Ifsed 
in the first experiments were found to be dead about 
two months after being cut; the fifth ha.d developed 
some new shoots, but not from the cut stem, bt'lt from G 

some smeJJ branches which bad been left intact. 
The resultS of an experiment to determine the yield 

of ''re!)ber obta.inable from Clil.attdra ANIOIdiana by 
apping may also be given. At the first tapping the 
'tiJle ~ 270 ce. of latex, which yiIIIded 100 grams 
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of fresh rubber; about a year 1ater it was again tapped 
and gave 240 ee. of latex, from which 87 grams of fresh 
rubber were obtained. It Was proposed to tap this vine 
again at the end of another year, hut it diedLduring the 
interval, notwithstanding the fact that the tappings 
had been very carefully performed. M. Seret concluded 
from this experience that O. Arnoldiana vines tapped 
by the native method would be inevitably killed, and 
he suggested that the I1est method of exploiting these 
vines would be to tap them at first, and then, after an 
interval of time to be determined, to cut them down 
and extract the whole of the rubber from the stems 
and root by beating t.he bark. 

Yields of Rubber (" Root Rubber") from Rhizomes. 
Landolphia Tholloni;-A series of experiments was con­
ducted 1,y the Government of Angola with rhizomes of 
L. Tholl<Jnii colle .. ted in the district of I,ul1da, and the 
resUlts obtai,ned are summarised in the following table: 

RlIIZmntS OJ' LANDOLPBIA THOLLONTI 

Weight of the rhizomes 
bark • 

.. dry bark 
u powder. . 
n impure rubber . . 

rubber after lst washing . 
2nd 

" 3rd 
" 4th 
" 5th 

13th 

Percentage of rubber from rhizomes 
dry bark 

II. m. 

kilos. kilos. 
14 14 

7'500 7'500 
6'500 6'500 
4 4 
2'500 2'500 
2'450 2'400 
2 2 
]'500 1'480 
1'389 1'380 
1'175 1'300 
1'043 I 0'840 

7'4 
16'0 

kIl",. 

14 
7'400 
6'500 
4 
2'500 

1'889 
1'800 
1'240 
1'075 
0'973 

6'9 
10'0 

The 91bber obt-ained in these experiments is staMld to 
lave been very much purer than that prepared by the 
latives, who generally onl, wash the ~uct two or 
;hree times. After the third Washing the ave'i-age yield of 
."Ubber hom 14.kilograms of rhizomes was 1'093 kilograms, 
~valen1i. to 11 '4 per cent., &8 against the final yield of 
j-O ~~.;fer cent. obtained in the experiments. . 
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• Baudon records that in the .French Congo 20 kilograms 

of the rhizomes of L, TholUrn'; furnished 1'120 kilogram 
of marketable rubber, a yi~ld of 5'6 per' oont, , and 
Gnynet sla'es that. in the Bdgian Congo the average 
yield of rubber from the rhizomes is 5 per cent. 

LandolpMa chylorrhiza.-Geraldes record. the following 
results of experiments conduct.ed in Angola to determine 
the yield of rubber obtainable from the rhizomes of this 
plant by beating the separated 'bark: 

Diam~ter of the rhizomes •• 5 to 9 mm, 
Ratio of weight of dry bark to weight of 

dry rhizomes , 64'77 per c~nt, 
Percentage of clean rubber obtained from 

dry rhizomes , , .'. 7'5 0" .. 

Percentage of clean rubber obtained f:J;om _ 
dry bark . . . • . II ~6 .. ,f 

The composition of the clean dry rubber, excluding the 
moisture and vegetable matter present, was as follows; 

Caoutchouc 
Resin and colouring matter 

Per oent. 

94'31 to 95'86 
3'00 .. 4'U 

In Angola the yield of rubber generaJIy obtained by 
the DStj-ve8 ED1JJ L !.'.lJ;4ar:dli:a .it< ED1JJ J il tD J2 per t'twt. 
of the weight of the rhizomes. 

Cost of OoUection.-There are little data &vailable re­
garding the cost of collecting rubber from Landolphia 
vines by the native process, but M. Seret has given the 
following particulars on this point in the case of tw:o of 
his experimenta at Eala, which have already beOO re­
ferred to. 

One hundred and fifty grams of rubber were IIbtained 
from a Landolpkia owariensis vine by coagulating tlle latellt 
obtained by.cutting the stelll into pieces, and 720 grams 
by, beating the bark. All the OperatioM involved in the 
prep..ration of the 160 grams of rubber, including the 
time spent in going to the pIactJ of oollootion, were per­
formed by two IIl8U in 4i hours, or fI·holl1'll' labour. TIle 
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b('ating of the bark necessitated' 32 hours' labour, making 
a total of 41 hours. This labour was valued at fro 1'64, 
and the cost of collecting a kilogram (2'2 lb.) of rubber 
on this basis would be fro 1'88. • 

In another instance a Clitandra Arnoldiana vine fur­
nished 851 grams of rubber, of which 615 grams Were 
obtained by the first opemtion, 200 grams by the second, 
and 36 grams by tIl<' third (see p. 203). Three men 
worked for 5 hours in obtaining the 615 grams of rubber; 
two men for 4 hours in obtaining the 200 grams; and 
two men for 3 hours in obtaining tbe 36 grams. 'This 
r<'preS<'nts a total of 29 hour.' lahour, and on this basis 
it ":a8 es! imated that the cost of collection of a kilogram 
of the rubber would be about fro 1'40. 

Bandon has giwJj the following data regarding the 
tim!' talten by a native in the French Congo to treat 
20 ,kilogrlt.llS of thp rhizomes of Landolphia ThoUonii; 

Collection of the Ihizomes 
Beating 
1st washing and beating 
2nd 

Total 

1I0mo 

8 
20 

4 
4 

36 

In this experiment the native, by the expenditure of 
thirty-six hours of labour, obtained 1'120 kilogram of 
marketable rubber. 

Improved llepwds of Exploiting Rubber ViDes.-Much 
discussion has taken place on the question of the 
best method of exploiting rubber vines, and many at­
tempts have been made to improve the native methods 
of collection so as to prevent the destruction of the plants. 
The problem, however, present~ lDany difficulties, <prin­
I!Iipally .!wing to the habit of growth of the vines which 
renders them much more .ruticult to deal. with than 
rubber trees, and no general !lgrIlC!llent as to the JI10IJt 
_tislactory method of treatment has been reached. 
~ two~pin. !IyBtems employed by the natives 

-,",,_.II)l'IIIIdY ~ to, viz.; (1) tapping the vines 
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either as they hang On tt,e trees or after detaching the 
branches as completely lUI possible from their support. 
and laying them on the ground; and (2) severiag the vines 
at or near "the ground, cutting up the stems into short 
lengths and allowing the latex to drain out, and then ill 
some cases extracting the rubber left in the bark by 
a process of beating. Formerly the second method of 
cutting down the vines Was not regarded with favour, 
as it was considered to lead 1& the uCHtructioll of tho 
plants; and in the Belgian Congo this system of exploita. 
tion ~as prohibited as far as po",ibl<" only the tapping 
method being allow,'<l. 

The chief objections to the null,'e metho,ls of tapjjing 
ate as follows: (I) the number of illcL,ions is excessive 
and they 8J"Q made on every availtblc st<lm, even the 
smallest; (2) the incisions are usually of contl'idcrable 
size, frequently almost encircling the stwo, whili!t in other 
casos long slices of bark are removed, cXPo8iniliarge are ... 
of wood; such incisions never heal completely and thus 
afford an easy entry for insect and fungoid pests; and 
(3) the vines are usually retapped before the previous 
incisions have healed. As .. result of such tre.atmcllt the 
vitality of the plant i. affected, and if the tapping u. 
continued, the vine i. speedily killed, eRpecin.!ly in those 
cases in which it hM been pulled down from its natura.! 
pooition and laid on the ground .. Attempts have accord­
ingly been made to improve the methods of tapping 
employed by the rubber collectors, so as to eusure that 
the vines shall not be tapped within 30 in. of the base; 
that stems less than 6 in, in circumference shall not be 
tapped; that only IlalTOW incisions shall be maUe, 8 to 
lOin. apart on one side of the stem, and shall not extend 
more than one-third or half-way ronnd the stem; that 
the incisions sha.ll not expose the wood; and that, the 
vines shall not be retapped until the previous inCisIOns 
have healed, It has been sOught to attain these objects 
by the introduction of tapping regulations, whic~, how. 
ever, are difficult to enforce without a very large staff. 
of Forestry officers, and by the instruction of the natives 
in rational m1othods of tapping either in " rubber schools," 
such ~3 have been established in French West Africa, or 
by travelling instruct-Or8. Considerable improvement 
bas been efieeted in French West Africa as the result 
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of the training of the rubber eollectors, and the vines 
are now much more carefully looked after and tapped 
than formerly. From the evidence available, it seems 
probable that certain species of rubber vined, e.g. La,... 
dolphia Heudelotii and Landolphia owarieMia, could be 
tapped repeatedly without permanent injury if the 
"bove-mcntion~d precautions were rigorously observed, 
hut it is almost impossible to ensure this in the forests. 
Experiments made on L. owariellsis vinea in the Bahr­
d-Ghazal Province of the Sudan showed that narrow 
incisions made with a triangular tapping-krife Jlieldcd 
as much rubber as the larger cuts employed by ,\e natives, 
ang that such incisions healed completely within five 
months. 

It is contended, however, by some authorities that 
tapping is an entirely wrong method of exploiting rubber 
vines, as, in their opinion, no matter how carefully the 
tapping is ,done, the vines will inevitably be killed by 
the treatment. They maintain that the alternative 
native plan of cutting down the vines, draining the latex 
from the cut stems, and finally extracting the rubber 
from the dried bark, is far preferable to any tapping 
process. The advantages claimed for this procedure 
are that it gives a larger yield of rubber than can be 
obtained by tapping, and that the vines are not killed, 
but put out new shoots from the baaaI portion of the stem. 
It is stated that these shoots can be treated in the sarne 
manner in two or three years' time, as the rubber they 
yield is much superior in quality to that furnished by 
seedling vines of the same age. In using this method, 
care should be taken to cut the vines at least 30 in. 
above the ground so as to leave a good "stool" for the 
development of new shoots. 

lp is not possible at present to express a definite 
opinion as to the effect of cutting down tbe vines on a 
large scale, but the method has oome into oonsidel'&ble 
favour recently, and has been adopted in the Belgian<Congo 
instead of the tapping process. It is no doubt true that 
the native methods of tapping usually destroy the vines, 
and probably certain species of vines, even if carefully 
tapped, are very liable to be killed by the t.J:eatment, 
'88 in the C88I! of M. Beret's experiments on the tapping 
of ~ A~lIG (_ p. 2O:t). It. mUBt, however, 



THE AFRICAN RUBBER "Th'ES 209 

not be overlooked that M~Seret also found that C. Al'no/­
diana vinl's died "fter being cut, so thllt it is pOH"ible 
that vines which will not bear careful t"ppi~g will al,o 
be killed ~ cutting. This and other points r<>speeting 
the merits of the two method. will, no doubt, be d<>cid .. d 
by the reBults obtained ill the Belgian Congo; bllt by 
the time a decision is reached it is po,sible that the rubb,'r 
vines will have ceased to be of much int",rest as sources 
of rubber. 

Cultivation of the Vines.-Col1siderable attention wa." 
forlD~ly devoted in several part .. of tropical Africa to 
the possibility of forming plantations of the indigenous 
rubber vines, and in the Belgian Congo in partic~lt" 
large numbers of the vines were planted out in the forests. 
It has been found, however, that il.' general the enter­
prise is not very successful, owing til the facts illat the 
vines are of very slow growth, that tpey reqt¥re much 
attention in the young state so that t,he cost of upkeep 
is considerable, that they QJ'e much more· diffieult to 
exploit than rubber trees, and that the returns from the 
vines eVen under the best conditions are Jess than from 
rubber trees. Some authorities still advocate the plant­
ing of rubber vincs in tropical Africa in preference t., trees, 
as they allege that the failure in the past MS been due 
to th" neglect of certain essential precautions; but this 
view is not widely held, and even in the Belgian Congo 
the planting of vines, except on a small scale for experi­
mental purposes, ha.s now been definitely abandoned in 
favour of the cultivation of rubber trees. In view of 
the above facts and of the success Which has attended 
the cultivation of rubber trees in tropical Africa, it is 
extremely improbable that any further attempts will be 
made to plant rubber vines on a la.rge Bcale, certainly 
not in any of the British Colonies and Proteetors.,.tes. 
It is consequently unnecessary here to describe in dita.il 
the methods employed, but it may be stated that the 
usual procedure was to mise the vines from seed in nursery 
beds and to plant out the seedlings at the base ~ trees • 
in the forest. Some of the "!peeies do not stand tran.;o.­
planting veri well, and in these cases the" plan was tried 
of 1!01:. ing the seed in prepared mounds of soil at the 
places the vines were to occupy in the forest. Tbis 
method was, however, not very successful, 88 the !Ieedlings 
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require a considerable amount 'of protection in the young 
state, which is difficult to give when they are scattered 
through ilie forest. Better results were obtained by 
sowing the seed in baskets made of some fibr<rus material, 
and, when the vines were a year old, planting them out' 
without removing the basket, so as to avoid disturbing 
the roots. 

It has been pointed out already that the stems of 
vines growing in dense ·forest only increase in thickneSJ 
very slowly, and in consequence of this fact more open 
situations were latterly chosen for planting pmposes, 
in order that the young vines might be exposed to light 
alljl air. A further modification, which is probably 
the best arrangement, is to plant the young vines in the 
open at the same time as quick-growing trees, such as 
species' of Albizzill, which are to serve as supports for 
the plaltts. In t,his way the vines and trees grow up 
together apd the maximum development of the vines 
is obtained. 

Full information on the subject of the cultivation of 
rubber vines will be found in the Manuel pratique de la 
culture tt de l' exploitatimt des essences cao'Utc/wutiferes 
indigenes et introduites au Omtgo Beige. * 

Composition of Vine Rubbers.-The rubber obtained 
from many of the vines is of excellent quality if carefully 
prepared, and specimens in the form of biscuits or sheet 
frequently contain over 90 per cent. of caoutchouc and 
low percentages of resin, protein, and ash. The amount 
of resin usually ranges from 4 to 10 per cent. according 
to the species, ami in Landolphia rubbers the percentage 
of prot<lin is almost alw .. ys less than 2 per cent. and 
frequently less than 1 per cent. Specially prepared 
Landolphia rubber contains less protein than any other 
vru;iety of rubber. 

The ball rubber as collected by n&tives, and also the 
"root rubbers," always coutain more or less vegetable 
impuri,ty in the form of fragme~ts of bark, but om the 

, best qUalities this is reduced to a minimum. 
The "paste" or "fiai<e" .. ubbers ~pared from 

certain vines are of very resipous nature and consequently 
of low value . 

• .. ~. Im~ A. LfBigoe, 17. rue de la rn-illl. 111O!I. 
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The following anaJyses, ~ade at the Imperial Institute, 
illustrate the composition of a number of different speci-
mens of vine rubber: • 

• 



CHAPTER XIII 

THE CENTRAL AfrERIC.AN RUBBER TREE, 
O.4STILLOA ELASTlOA, CERV. 

Species of Castilloa.-The rubber trees which occur wild 
in Central America. ~ong to the genus Castilloa of the 
natur .. l order Urtie3ceae, and until recently it was 
customary to regard,the majority of the trees as Castilloa 
elMtica, • the original species described by Cervantes in 
17~4. 1~' was koown, however, that the trees showed 
Borne varia~ons in characters, for in 1885 Hooker, in 
a paper " On the CasUlloa elastica of Cervantes and some 
allied rubber-yielding plants," * had drawn attention 
to the existence of three well-marked varieties of Castilloa 
"from Central America which differed in certain respects 
from the typical C. eia8tica, but he did not assign new 
specific names to these forms. Subsequently Koschny 
studied the Castilloa trees of Costa Rica and came to 
the conclusion that there were four distinct varieties, 
which he named C. alba, C. ni9ra, C. nJbra, and C. Tanu, 
the first three of these being rubber-yielding trees. These 
views as to the existence of different forms of Castilloa 
have since been fully confirmed, !illd it is now recognised 
that the Castilloa trees growing in different districts of 
Central America vary not only in botanical characters, 
but also in the yield of rubber which they furnish. It 
has ~n stated that nine fairly distinct forms of Castilloa 
can be distinguished in Mexico alone, some of which 
are specially suited to certain clinratic conditions, so 
that pltylta raised from seed obtained from the cMtilloa 

"trees growing on the Atlantic Coast, where there is an 
almost continuous rainfall, Win not succeed on the Paoific 
coaBt, where there is .. distinct dry season of about six 
rp.ontbs. 

~'!\ .• ~ 0/ LiMoaft 8ocidg. vol. jj pt. 9, p. 209. 

III 
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• 
These varieties of Castilloa have been carefully studied 

recently by several botanists, notably by Cook and 
Pittier of t'-e United States Department of Ngriculture, 
with the result that a number of them have been de­
scribed as separate species. Pittier, the most recent 
investigator, is of opinion that tho following ten apecies 
of Castilloa may be provisionally recognised: C. tmlim, 
Cerv.; C; coswricalUl, Liebm.; C. tallax, Cook; C.lllctiflua. 
Cook; C. mcoye1l.8111, Cook; C. PU'lUJmen8t8, Cook; O. 
guatemale1l.8i8, Pittier; O. ooguensis, Pittier; C. a1J4troli8, 
Hems!!; and C. Ulei, Warb. 

The first eight. species are nat ivea of Central America; 
C. australis occurs in Peru, and C. Ulei in the AmallOn 
valley. In addition to these forms tbere is another 
Central American species described flY Hemslel(, as C. 
Tunu, upon which Pittier is at present UI1Able to pro-
nounce a definite opinion. ••• 

Pittier states that the ten forms mentioned above 
are perfectly distinct and charact<lristic, but he admits 
that further study may reduce S()mo of them to the 
position of subspecies or varieties. 

The existence of these different species or well-marked 
varieties of Castilloa, whicb require different climatic 
conditions and furnish varying amounts of rubber, is a 
point of considerable importance to planters, and care 
should be taken to select for cultivation the particular 
form of tree most suited to the local conditions of c1imat<l 
and soil. Pittier has stated that for semi-arid districts 
with well-characterised dry and rainy seasons he would 
recommend C. lllctifl,ua of the Soc()UU8CC district of the 
State of Chiapas in Southern Mexico; C. nicoye'Mu from 
the dry Pacific slopes of the Nicoya Peninsula in Costa 
Rica; and probably C. panamensu. from Panama. For 
districts where rain predominates, he considers thato C. 
coswrimna from the humid Atlantic slopes of Costa 
Rica and C. elaatim are the most "ttitable. Experiments 
with t6e different varieties are being conducted in llexico 
in order to determine their illativl) value 88 80_ of ' 
rubber. • • 

In the following account it will be convenient to regard 
the name CastiUoa eia81U:a as in~luding the different 
forms of CastilloI' trees occurrini in Central America. 

Botanical Characters.-Oastilloa daatica is a large tree 
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which, under favourable conditions, may attain a height 
of 160 to 180 ft. with a trunk 12 or 13 ft. in circumference 
at 3 ft. (fom the ground. The bark is usually rather 
smooth, soft, and light grey, though there is'some varia­
tion in the colour. The young branches are densely' 
covered with greenish-yellow or brown hairs. The leaves 
are very large, ranging from 12 to 20 in. in length and 
from 4 to 7 in. in breadth, opposite, and hang from the 
branches in two pend~lt rows; they are light green, 
oblong, cordate at the base, and the veins are very pro­
minent below. The under surface of the leaves is oovered 
with greenish-yellow hairs, which are especially numerous 
on.the midrib and larger veins, and project in little tufts 
from the margin; the upper surface is much less hairy 
and darker in colo'(r. The flowers are male (staminate) 
and fortH.le (pistilhite), and both forms usually occur on 
tIle saniv tree, .. lthough young trees frequently bear 
only male Jiowers. The fruits, which occur in clusters, 
are orange-coloured and fleshy, each containing an ivory­
white seed, ito! in. in diameter, with a very thin papery 
seed-coat. The seeds only retain their vitality for a 
short time. 

A striking peculiarity of Castilioa elastica is the pro­
duction, during the early stages of growth, of temporary 
deciduous branches, which, althOUgh not more than 1 in. 
in diameter at the base, are often 10 to 12 ft. in length. 
These branches drop off after a time, being detached 
from the trunk by the rupture of a special layer of tissue 
at the base. As a general rule, the permanent branches 
do not develop before the thicd or fourth year. 

Distribution.-Castilloa elastica is found growing wild 
in Mexico south of 22° N. latitude, and thence extends 
through all the States of Central America into Colombia ; 
it ~lso occurs on the western slopes of the Andes in 
Ecuador and Peru. 

In Mexioo the rubber area includes the Stat"" of Vera 
Cruz, Oaxaca, Chiapas, Tabasco, and Campech<>, but 

, only a comparatively sm&ll area of this territory is actually 
suitable for the cultivatiOu of the tree. During reQent 
years very large pJantationa of Castilloa trees have been 

• formed in Southern Mexico, particularly in the Soconusco 
an&l ·~'-nue districta of the State of Cb.iapas . . Piiiiiil trees. are ·'abundaDt in certain districts of 
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British Hondur"". Acco~ing te MorrL~, th~y 000111' on 
what are known as the Cohun" ridges, .,.pecially along 
the bank, and in the valleys bo"lering Muilin's riv~r, 
Sittel' river~ and the Rio Grande in the south, "nd along 
the Sibun rivpr and the upper waters of the 1kHZ(l river 
in tho west. The troes are also being cultivated on a 
small scale in the Colony. 

In the States of Central Amcric", C",tilloa trOON occur 
on both sides of the mountain l!hain, and small plantl\­
tions have bNlll established in mORt of the countries. 

In ~Iombia the trees are abundant along the valley 
of the Magdalena river and are a18() being c\lltivl\t~d. 
Plantations have been established, ()o, near Guayaquil 
in Ecuador. 

Castilloa trees have been introdul1"d into several of 
the British West Indian Islands and 'have been ~und to 
grow well. In Trinidad and Tobagu. especidlly lar~" 
numbers of the tre"'l have boon planted, al\(! are now 
furnishing supplies of rubber of good quality. In 
Southern India and Ceylon the tree bas also boon grown 
suceessfully, but in East and West Africa it has proved 
to be extremely susceptible to the attacks of boring 
bootles. 

The Castilloa trees occur naturally at low elevations, 
being seldom found higher than 2,000 ft. above sea level. 
They are met with most frequently on tbe banks of rivers 
or streams, and on moist plains where there is good 
drainage; they cannot be grown suceessfully on swampy 
land, nor on a stiff, clay soil. IIi It wild state CastilloI' 
does not tbrive in the dense forest, but prefers more open 
situatiollJ!, where it occurs in small groups. 

lIIative lllethods 01 Collecting the Rubber.-The native 
collectors do not, as a rule, tap trees less than 25 in. 
in circumference at 3 ft. from the ground, as they eonslfler 
that the yield from smaller trees is not remunerative. 
The incisions are made with the native cutlass or machete, 
and tile system of tapping varies in the diJferent districts. 
The following are the. principal methods emp~ed: , 

(1) Single oblique .incisiDns-are made at an angle of 
.. bont 45~ one above the other and from 2 to 3 ft. apa.rt ; 
the e .. ts usually extend about three-fourths round the 
tree. The latex flows to the lower end of the ineisiollLl 
and then :runs down the tnmk.. being collected at the '-
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in a calabash or in a cavity in'the 80il lined with a large 
palm-leaf. Further incisions are made between the 
original 8"";es or across them, with the result that the 
trunk ultimately presents a very scarred af.pearance. 

(2) Large V -shaped incisions are made about 3 it, 
apart, the two cuts forming the V extending nearly round 
the trunk. A small piece of bent iron or a leaf is usually 
inserted in the bark at the base of the V in order to serv. 
as a spout for directi~ the latex into a vessel placed 
below. 

(3) Large spiral incisions extending right r01ll)d th. 
trunk are sometimes employed. 

formerly many of the trees were cut down in order 
to obtain the rubber. 

The objections to the native methods of tapping are 
that tlflJ incisions 'ra made much too deeply, penetrating 
the woui. in ne""'y every case; that the trees are tapped 
tbo freque'ltly; aud that the whole of the trunk is tapped, 
the higher portion being reached by means of roug~ 
ladders. This severo treatment has resulted in the 
destruction of many of the wild trees. 

Various methods are employed by the natives of 
Central America for the coagulation of Castilloa latex. 

In Mexico coagulation is brought about by adding to 
the latex all infusion of the" Morning Glory," or "Moon" 
vine, Ipomoea BfYOO-nox, L. (Caioniction speciosum). 

The stems of this plant are bruised and allowed to stand 
in water for a short time; the liquid thus obtained 
quickly coagulates the latex. The rubber prepared by 
this method is made into large slabs or cakes, which are 
very porous and retain in their cavities a large amount 
of the dark mother-liquor of the latex. This liquid 
contains a considerable percentage of protein and is 
co~quently liable to undergo fermentation with the 
development of a very objectionable odour. 

Another method which has been used in Mexico is to 
spread a thin layer of latex on the large leaves of aoapecies 
of CaJQthaea; this is allowed to dry in the sun and then 
.. fresh layer of latex is adlled, tbe process being repeated 
until a sheet of rubber about..! in. thick is o'6tained. Two 
of the leaves then have their rubber-covered surfaces 

.~ .. ; ... =y together,wben the rubber adheres to form 

.:. • from whieh the leaves can be easily stripped. 
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• Other sheets are added in the same "av until a cake of 

rubber of sufficient, size is obtained. " 
In British HondurM the juice of the" Moon '~vine is also 

used to co':gulate Castillo .. lat.-x, aud t he rubber is made 
into cakes, which are pressed in order to remove as much 
~f the liquid as possible. 

Tho natives also coagulate Castilloa latex by the 
illdition of solutions of alum, wood ash~s, or soap; by 
ooiling; or by allowing it to sta!ld in hdles in the ground 
mtil coagulation OOClli'S. 

In "Certain districts of Central Americ" the )atex of 
,he Castillon trees does not, flow fr~e1y. bui coagulates 
n the incisions. In these cases the rubber is colleeted 
n the form of "scrap." 

Much of the Castilloa rubber obtailjed by the preceding 
illethods is of inferior quality, owing to defecr.ve pre­
paration, and consequently realises a oomparatlvely l~w 
price in the market. • 

Cttltivation of Castilloa Trees.-It has been mentioned 
already that very large plantations of Ca..tilloa trees have 
been established during ree.ent yellrs in several countries, 
parttcularly in .Mexk'O, and a short, account, of the methods 
of cultivation and of preparing the rubber may be given. 

The trees are usually grown from seed, but they can 
also be easily raised from cuttings. As the seeds quickly 
lose their germinating power they require to be specially 
packed for transport, the most favourable conditiona 
being that they should be kept sufficiently moist to 
prevent loss of vitality without inducing actual germina­
tion. Trees from three to four years old are stated to 
give the best seed for planting purposes. 

In the early experiments the seeds were sown in 
nurseries, and the seedlings trall8planted when they were 
four to six months old or when they had attained a height 
of 10 to 12 in. Sometimes, however, the young plants 
were not moved from the nurseries until they were tw~lve 
montfts old, when they were usually from 5 to 12 ~. high. 
In the latter case the roots were cut off 6 to 6 in. below· 
the surface of the soil and the" stem was reduced to 3 ft. ; 
the stumps thus obtained were then planted in the r&­

quired. positions. 
On the Mexican plantatiens, lfowever, it is now custo­

ma.ry to sow seeds "at stab," that is, in the potIitien 
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whieh the. tree. arc t<l oerupy, as by this means trans­
planting is avoided and the growth of the seedlings is not 
rh"dwd. When this plan is adopted tho lan1'l is c]ear.,q 
and staked according to tho dist.ances at whic1. the seeds 
arc to he planted, e.g., G by 6 ft., 5 by 10 ft., .9 by 9 ft., 
o by 12 ft., etc. Six to ton Rceds are then sown in small 
rai<ed heaps of soil at each stake. The time of sowing 
shuuld be chosen so as to avoid a period of drought 
during the early 'stag"" 0'1' development, and in situations 
where tIJere is a distinct., dry season, the plants should 
be well t'stablished before the rains are over. The"seed­
lings are {'"refully examined during the first six months, 
and at least half of them are r~moved, leaving the best 
specimens. This thinning out is continued so that at tho 
end of the second ytar only a single plant is left at each 
"talw. 'Further t hinnings should take place from time 
to, time ~, the troes develop, until att.he end of the sixth 
year only about, 400 selected trees remain per acre. In 
some instances the trees, one at each stake, are allowed 
to grow unt.il the end of the fiftl, year, when the hest 400 
in each acre are selected, and the rest are tapped to 
death and cut out during the next year. Sometimes, 
however, the thinning-out process is not properly carried 
out, and it is stated that on some estates in Mexico there 
are over 1,000 eight-year-old trees per acre. 

Three different methods have been tried in cultivating 
Castillo.. trees. In the first experiments the seedlings 
were planted out under shade, but it was found that, 
alt,hough the growth in height was rapid under these 
conditions, the increase in the thickness of the trunk 
was very slow, and moreover the trees were generally 
liable to disease. 

Planting the trees under partial shade has also been 
tried. In this plan a few high trees are left standing 
when the gromld is cleared for the plantat,ipn, in order 
to afford some shelter during the dry season, when the 
Castill~ trees have shed their leaves and are e~ to 

• the scorc.'ring sun. This method approximates more 
nearly than the first to the cl!nditions under wJrich Castilloa 
trees occur naturally, and it- has given good results on 
fjODle plantations, espoo.ially where the soil is liable to 
beeom,e bIW and baked 'if exposed to the SUD. 

:1'Ibl:~ method,ja'to BOW the ~ at ~ ~ t4tI 
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open, the requisite amouOnt of shade being obt&int>d by 
planting the Irees sufficiently closely to shelu,r on" 
another. This met hod A.ppears to give the .most satis­
factory re~ts and it is now g(·nt'fally adopted in 
Mexico. 

The question as t{) the best di.tance at which Castilloa 
trees should be planted has given rise to considerable 
discussion. It has bem {0und t hat if t he trees arc planted 
too closely their growth is checked andlthe developmont 
of the stems interfered with as soon as tbe roots of the 
adjaoont trees meet. On the olher hand, if tbe trees arc 
placed 80 far apart that they do not afford caeb oth .. r 
shade, their growth is stunted and the SUIl scorches .and 
dries up the bark. The method of planting the trees 
closely at first and BubRequently thinning-out, as described 
above, obviates both these drawbac\ .. and at tfle same 
time affords an opportunity for a carcf,pl seleclion of the 
permanent trees. It is claimed that with proFr manaf;e­
ment the temporary trees will yield suffiClent rubber, 
before the permanent trees are tapped, to make the plan 
remunera.tive. • 

Tapping of Cultivated Trees.-The method most com­
monly adopted on the Mexican plantations for tapping 
Castilloa trees is a system of large V incisions, which 
are sometimes connected by a vertical channel. The 
V incisions are made from 12 to IS in. apart and usually 
extend round three-foUrths or so of the circumference 
of the trunk; in the case of mature trees the tapping is 
carried to .. height of about 30 ft., light ladders or slings 
being used when making the higher incisions. The latex 
is collected in cups placed at the base of each V incision, 
or, if a connecting vertical channel is made, in a single 
cup at the base of the tree. Sometimes spiral incisions 
are used instead of V cuts. • 

The half-herringboue system has also been triea in 
Mexico, but has not been generally adopted. One-half of 
the u-oo was tapped at a time, the oblique incisions being 
made 18 in. apart and connected by a shaJlow"'vertical. 
channel. The second half of the tree was treated in a 
sUailar JWUiner when the first incisionS had healed. 

In 'fobago a system, introduced by Smith, has been 
adopted in which a large numBer of smaJl incisions am 
made in the trunk by meA!JS of a chisel with a specially 
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thin cutting edge about 1 i in~ wide. The incisions are 
arranged in vertical rows about 4 in. apart, the distance 
between t]llJ cuts in each row being about 12 in.; thE 
tapping extends round the entire circumfer~nce of thE 
tree and is carried to a height of 6 ft. or marc. The late] 
runs down the stem and is collected in a calico apron 
fixed round the base of the tree. 

The latex flows from the cuts for periods ranging from 
twenty minutes \to two.hours, and no further yield is 
obtained by reopening the incisions. The latter practice 
has in fact been found to be fatal to Castilloa trees .• The 
trees may be tapped any time during the year except in 
the. dry season, the length of which varies in the different 
districts. At La Zacualpa the tapping period lasts for 
ten months of the year, from April to January. 

Until' recently, ~u1tivated C,.stilloa trees were not 
tapped in, Mexico,until they were seven years old, but it 
hal; been found that four-year-old trees which have 
attained a g;rth of 15 in. can be lightly tapped without 
injnry. The young trees are first tapped to a height of 
6 ft. only and the incisions are gradually carried higher 
&8 the trunk increases in girth. Mature trees are tapped 
three times a year. 

Preparation of the Rubber.-The rubber is prepared on 
the plantations by the n .. tive method of coagul .. ting the 
latex with .. n infusion of the stems of the" lI-foon " vine, 
or by .. lIowing the l .. tex to crea.m, or by spinning it in 
,. centrifugaJ m .. chine. 

Creaming.-Castillo.. la.tex "creams" very rea.dily 
when diluted with w .. ter and .. lIowed to stand, and this 
behaviour .. !fords an easy method of prepa.ring the rubber. 
The la.tex is first strained by mea.ns of,. centrifugaJ str .. iner. 
and is then diluted with w .. ter and poured into settling 
ta.ny. The diluted l .. tex is a.llowed to stand until the 
rnblier globules h .. ve completely separated 118 a cream, 
and the clear serum is then run oll as completely as pos­
sible by means of a pipe at the bottom of the tank .• The 
eream .. stirred np with ,. fresh supply of water and 
aJlowed to stand again U1!til complete seJl.&I"t1tion has 
ooourred. This treatment m"]1 be repea.ted several times, 
and finaJly the cream of rubber globules is separa.ted 
ailillUde.!#> coagulate either by pressure or by w~ 
it 'With, ~ peddlet!. The freBhly ooa.gulated rubber 
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is then convertoo into 'crepe by means of a w&Ilhing 
machine. 

On many estates in Tobago the cream of rultber globules 
is poured an to wet cotton shoots, strekhed in a frame, 
and allowed to drain, when a sheet of rubber is obtainOO 
which is subsequently stripp«! from the cloth. 

Centrifugal Jf ethod.s.-Castilloa latex can be quickly 
coagulated by spuming it in a centrifugal machine. On 
many of the estates in Mexioo the 'I Empire" cream 
separator is IL,ed for the purpose, and the rubber is obtained 
in tlie form of a solid cone, which can afu,rwards be 
conv .. rted into sbeet or crepe if desired. Smith's centri­
fugal machine which is used in Tobago enables the rubber 
to be prepared in the form of sheets. • 

Yield of Rubber from Castilloa Trees.-In considering 
the question of the yield of rubber fAlm Castillo,. trees, it 
mllSt be borne in mind that the diJferentspeciesir variet,;es 
of the tree occurring in Central America are stated to ~ 
widely in the amount of rubber which they furnish, 80 

that the results obtained from trees in a particular locality 
cannot be taken, without further inve"tigation, to repre­
sent the yield from trees growing in other districts. 

The information available regarding the amount of 
rubber obtainable from wild Castilloa trees is very in­
complete, and it is not possible to give any trllStworthy 
figure for tbe average annual yield per tree. It hall been 
recorded that large forest trees have yielded as much 
as 10 to 20 lb. of rubber, or even more, at a single tapping, 
but it is probable that the higher yields are exceptiotuCl 
and that they would not be maintained on repeated 
tapping. More recent information inwcates that the 
earlier estimates of the amount of rubber furnished by 
the wild trees were too high and that the maxim run 
annual yield from large trees does not usually exceed 
the lower figure mentioned above, viz. 10 lb. per t~. 

With reference to the yield of rubber from cultivated 
Castil.loa trees more definite information can be given, 
and it will be convenient to summarise the data UIlder the 
di1ferent countries. It may.oe stated that on the whole 
the results 'of tapping plantations of CUtilloa trees up 
to t.on or twelve years old have been disappointing, the 
yields of rubber being much 1_ than W8B anticipated. 
Individual trees and ama1l groupil of trees have given vert 
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good results in many cases, but'the average yield per tree 
obtained on tapping large plantations has been small. 

lIfExICo . .,.-On the La Zaeualpa No. I plantation aboul 
400,000 trees, varying from four to twenty yell.rs old and 
including some scattered wild trees, have been tapped 
during recent years. The tapping has been done threE 
times during the year, and the average yield of rubbm 
from all the trees has been about 4 oz. per annum. 
Formerly the tt'ees were not tapped until they were 
seven years old, and the average yield per tree was then 
between 7 and 8 oz. per annum. Several thollsand 
twenty-year-old trees occur on the estate, and these 
havQ furnished au average annual yield of 2l lb. of rubber. 
The variety of tree cultivated at La Zacualpa is Caati!loa 
lactifiUJ1, whieh is one of the best rubber-yielding species. 

The ftJllowing rc!ults of single tappings of trees on 
est,ates in.Mexico ,have been given by Smith: 

858 
1,175 

50,000 
.,015 

No. 01 tree!' tapped. Age. 

y""". 
6-7 
6-7 
6-8 
7-8 

A l"erage yit'ld of 
rubber per tree from 

aingle tapping. 

.".. 

1'2 
0'85 
1 
2"2 

Pittier has recorded the opinion that the yields of rubber 
~rom cultivated Castilloa trees in lIfexico were formerly 
much exaggerated. He states that trees which yield 500 
grams (1'1 lb.) of rubber at one tapping are not uncommon, 
but that the number which only yield 50 grams is legion. 

PANAMA.-In 1892 Weber conducted a series of experi­
ments on Castilloa trees growing at the Las Cascadas 
planj,ation on the Isthmus of Panama in order to deter­
mine the yield of rubber. His results are summarised in 
the following table: 

~ .A.a.of~. YiClldoflate1. Pero&nUlge of rubbit Yield oll'Ubber. in latex. 

Yoara. lb. 

a I 13 26 7'1S 
7 2 6 26 9'6 
8 II 1 29 14"% 

~l "'" 
II I II %5'7 
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The results for the trets eight IUld eleven years old are 
the means of a numoor of experiments, whilst the figures 
for the younger trees are the means of two p-iala, The 
results we.Pe considered to be rather below than above 
the average. Weber stated that the trees can be tapped 
safely twice a year, so that the annual yield of rubber 
would be double the above anlOunts. 

TRINlJ),\D AND TOBAOO.-(I) The Trinidad Depart­
ment of Agriculture h,;s pub\islled thefcsults of experi­
ments conducted on 200 Castilloa trees, which had not 
been. previously tapped, growing on the Lure Estaw, 
Tobago. Twenty of the trees were fourteen y<,ars old 
and from 6Q to 86 in. in girth, whilst the remainder \vero 
ten years old and under, the majority of them ranging 
from 40 to 70 in. in girth. The trees were tapped by 
Smith's method to a height of about 20 ft. • 

The first sories of experiments wilt condtv:ted from 
April 6 to May 18, 1911, and an average yiel~ of 5'12 b~. 
of dry rubber per tree was obtained. The tree. were 
tapped a second time, using the same method, from 
August 7 to September 15, 1911, and furnished a further 
yield of 3'37 oz. of dry rubber per tree, making a total 
of 8'5 oz. per tree in the two tappings. 

(2) The results of tapping 24,000 Castilloa trees, ten 
to twelve years old, in Tobago have been recorded by 
Smith. The trees were tapped three times during tbe year 
t<1 a height of 6 ft. and furnished an average yield of 
2i oz. of dry rubber per tree. In the ease of three groups 
of trees he also gives the yield from the first tapping7 
whieh is usually greater than that obtained from the 
,ubseqnent tappings. : 

No. 01. b'eeII tapped. .... Yield of rubber /nIJn &.t 
t..ppiog. • 

y ..... 

1,300 6-8 I . 3,000 IH2 I 
750 10--15 l·S. 

(3) Thirteen ttees, eight to nine years old and from 
13 to 69 in. in girth, were tap~.to a height of 6 ft. by 
lmitb's system, two tappings being made at an interval 

• -
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of fifteen days. The average 'yield of dry rubber per 
tree was 3 oz. from the first tapping, and 1 oz. from the 
second. • 

(4) The oldest Castilloa tree in Trinidad, estuhated to be 
thirty years old, was tapped to a height of 40 ft. by 
Smith's system. Two tappings were made at an interval 
of one month and yielded 4 lb. 15 oz. of dry rubber, as 
shown in the foll~wing st:tement : 

------------;-----;-------,----
Yieldot Yieldoldry ~~~ 
latex. rubbtu'. latex. 

-----------\--- ----_--
First tapping, Feb. 8, 1911 . 
Second tapping, Mo.rch 9, 1911 

.. . 
"'. 

2,400 
1,170 

lb. 

3 3 
I 12 

Per ('cnt. 
25'7 
27'0 

(5) A tree, 57! in. in girth and about fourteen years old 
was tapped by tbe double-herringbone system and yielded 
91 oz. of dry rubber from the first tapping. 

JAMAIcA.-The following results of tapping experiments 
made on Castilloa trees in Jamaica have been published 
by the Department of Agriculture in the Isla.nd : 

(1) Twenty-one trees from eight to fourteen years old 
and with an average girth of 39 in. were tapped three 
times in nine months; the yield of rubber was as 
follows: 

1st tapping, May 1910 
2nd Sept. 1910 
3rd Jan. 1911 

Total 

lb. os. 
4 1 
6 10 
6 1 

16 12 

The trees, therefore, yielded an average of 12' 8 oz. 
of rubber in the nine months. • 
• (2) 'l'\venty-two trees, fourteen years old and with an 
average girth of 35 in., we& tapped twice apd furnished 
8 lb. 12 oz. of rubber, equivaJ8Ilt to 6'4 oz. per tree. 
_ (3). Two trees (Oll8tillop ~), about twenty­

twO J'(IIII& _,old and. 48 in. in girth, were tapped five times 
......:.L'L,""'~,~~ __ --.....1...,";. 
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1st tapping 
2nd 
3rd 
4th 
6th 

Tota) 

Dec. I, 1909 
Dec 28 19011 
.Feb: 19: 1910 
~1&r. 19, 11110 
Oct. 30, 1910 

lb. 
I I; 

o 
I) 

.1 
o 
o 76 
o 11 

4 0* -These two trees, therefore, yielded an4verage of 2 lb. 
of rubber in eleven months. 

(4) ~ single tree (Castillo" gua(emak1t8is), twenty-tim ... 
years old and 86 in. in girth, gave 4 lb. 13 oz. of rubber 
at one tapping; this is the IllJ'gest yield recorded. in 
Jamaica from a single trce at one tapping. 

(5) The following table Bummal'i"l's the rc .. llts of other 
tapping experiments made on Castill~ troo" in .nunaica 
by officers of the Agricultuml D"paTtmo .. t. : _ 

~~ I s~~. j.\gc'l 
tappcJ·1 lrean; 

I;!rth. 

--, '---1-----
~ : I C. ~~krun .. ll~ 1 48~n 
3 10 If 2 trees, 50 Ul. 
." II tree, 37 lll, 

6. .. 110 -
1. .. 12 i2 m 
I 12 8~ " 
I II I~ 65 " 
I " 24 62 .. 
I C. e/m,ica i 7 36 " 
1 C. cmftarica.na 1 10 36 .. , ! 

BELOIA."I CONoo.-The following results of tapping 
experiments conducted on seven-yesr-old Castilloa trees 
growing in the Belgian Congo have been recorded : 

No. of tr_ tapped. 

• 1 
1 
1 
1 
1 
1 

Days tapped. 

6 
5 
5 
6 
8 
8 

Yield of dry 
rubber. 

2j 
21 
21 
f 

2 
21 

• Exteoding ov", .. period of eiglW _tho. 
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No. of trOO8 tapped. Days tapped. Yield of dry 
rubber. 

8 
9 

13 

3i 
'3 
111 

Composition 01 Castilloa Rubber.-Castilloa rubber is 
somewhat variable in composition, as the percentage of 
resin fluctuate\: widel.\' in different specimens. The 
following analyses, made at the Imperial Institute, will 
indicate the composition of specimens derived from 
various countries and prepared by different methods: 

\
~ \ Con..pctlitiun of dry washed rubber. 

DegcripUon 01 rubber. Cs.out-. 
dlOIIC. Resin. l'toreill. .Asll. 

---.----- i--------i',~'-cr-<eh-t. Percent!~ ~ 
I Cone rubber mado 
. by Empire crea.m 

separator. Latex 

Country. 

Mexico .. ' 

from wild trees. 93'7 5'4 O'S 0'1 
('one rubber made 
by Empire crea.m 
separator. . 93'0 5'0 0" 0'1 

Centrifugal sheets 
roa.de by Smith's 
machine. Latex 
fl'om cultivated 
treeiJ 92'0 7"2 0'5 0'3 

Ttinided and Tobago Thick cake rubber 
from 71-year-old 
trees. Latex 
croamed 47'4 51'9 0'5 0'2 

Thin cake rubber 
frem 7 i-year-old 

trees. Latexcreamed 59'4 37'1 1'0 2'5 
. Shoe' ruhbar from 

6-year-old trees , 76'5 20'7 011 2'2 
Block rubbar from 

17-year-old trees 74"4 22'8 0'7 2'1 
Sheet robber 61'6 37'6 0'4 0'4 

'" 77'0 21'S 0'0 0"7 
83'S 1511 0'4 0'6 

CentrU~a.l sh~t 
90'9 6'1 o-s 2'2 

made by Smith's 
t' maohine , 70'S 28'6 0'5 0'1 

Dominioa 8heetl"Ub~ 84'7 9'4 311 2'1 
8\. Lucia 89'1 9;1 1'3 0'0 Boo_lDdia 

Sheet 'iubbar rro,;. 86'2 1.2'1/ O'li 0'. 

/~ 
6-yeu-old_ , 84'0 32'7 011 2" 

-~ 
Lumpfl1bber 77'6 20"6 1'5 0" 

, 



CHAPTER XIV 
• • 

THB" ASSAM RUBBER TREE (FWUS ICLASTlOA, BOXB.) AND 

OTHER SPECIES 01' :nC1JS 

Species of Ficus.-A number of spooies of the genus Fi~us, 
belonging to the natural order Urtica.ceae, furnish rubber 
or rubber-like material. Some spooies yield rubber of 
good quality, others give an inferi"" resinous -rubber, 
whilst others again furnish hard, resm.,us prq,iuota, nr 
sembling gutta percha more than rubber i" physi&'l 
properties, but cont.a.ining "" quantity of inferior caoutchouc 
and no gutta. , 

The best of the rubber-yielding species is JJiIw ela8tica, 
Roxb., the well-known Aasam rubber tree,"IJut several 
other species such as Ficu8 Riga, Bailey, and Ficu8 
&1Ilechteri, Warb., both of which are natives of New 
Guinea, a1so yield good rubber. 

None of the African species of Ficus produces rubber 
of first quaJity, and only one, Fi<:us Vagel .. , lIliq., is of 
importance as a source of inferior rubber. Several other 
species, however, Buch as Fi<:us piatyphyUa, Del., FictJ 

• ~, Warb., Ficu8 traikyphyUa, Fenzl., and Ficu8 
utUi8, Bim, yield gutta-like products whioh are utilised 
for technical purposes. 

Ficus elastica, Boxb.-This species is .. native of BOuth­
eastern Asia and was first recorded from Aasam .• It 
occurs on the lower slopes of the Himalayas from Nepal 
eastwards, and" thence extends southwards through 
Assam and Burma into the Malay Peninsula and tho 
neighbouring islands. • 

It is found growing wild 1ltlder .. ~ range Of 0011-
diiions of son, temperature, and elevation, the _tial 

'fe&tm1lll for its growth apparently being well-dramed 
Ja1Id. and a very humid atmosphQre. It is Iltated. to _ 
in ~ up to 3,000 it. OIl the Khasia Ilill$ aad in Upper 

III .7 
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Burma on the hill"idcs up to '5,000 ft., thriving best in 
Assam up to 2,500 ft. and in Burma between 2,500 and 
3,500 ft. • 

Ficus ela8tica is a very large evergreen' tree which 
may attain a height of 120 ft. The hranches give rise 
to numerous aerial roots which grow down to the soil and 
then thicken, forming subsidiary stems. The leaves are 
very characteristic, being dark green, large, and glossy. 
It is stated that'i:\t Charduar in Assam two varieties may 
be distinguished, one of which has much larger leaves 
than the other. The" fruita" are small, about tJvl size 
of a pea, and contain from sixty to eighty minute seeds. 
In l' wild state the trees usually develop as epiphytes on 
other trees, which are UBUally killed later by the enveloping 
roots. 

Tbe ~ater parir of the rubber obtained from Ficus 
elastica iso collected from wild plant .. , but the trees have 
bClln cultivated ~ India, at Kulai and Charduar in Asaam 
and on a sm8JJer scale in Madras and Mysore, and aJso in the 
Malay Peninsula, Java, and Sumatra. The tree is known 
as "Rambong" in the Malay Peninsula, and "Karat" 
in Java. 

Some years ago a considerable number of Rambong 
trees were planted in the Federated Malay States, but 
it has been found that the tree is much less satisfactory 
as a source of rubber than the Para tree, and it has con­
sequently fallen into disfavour and is now no longer 
planted. On some estates the Rambong trees have been 
~ut out and replaced by Para trees. The principal 
reasons for this adverse opinion are that the annual 
yield of rubber per acre from Ficus elastica trees is much 
less than from Para trees and that it diminishes rapidly 
when the trees are regularly tapped. In consequence 
of ~ latter fact the trees have to be reated periodically 
before they again yield well. In addition, the habit of 
growth of the trees renders them much more difficult to 
tap tl!an Para trees and the latex is not so readily ooagu-

~lated. < For these reasons Ficus elastw cannot he recom­
mended for cultivation ~ any district where the 0011-

. ~ are suit&bIe for growi!lg the Para t11>e. and even 
irt·,'_' it __ doubtful from the results obtained 
00· tt. Gov~ plauiations, whether the cultivation 

of ~"'0fI wo~ p:ove ~unerative 1lD1ess UDder-
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taken in conjunction witt. some other indll.try. In Java., 
however, large plant41tions of Ficm daalica have been 
establiBhed by the 1<'otcst Department, anI! are stated 
to have gtven satisfact<>ry results, although the returns 
are much inferior to those from Pam troos. 

Cultivation.-Fic,1.9 ebutica call be easily propagatoo 
from aceds or cuttings, or by lay(,ring. The plants are, 
however, usually raised from seed, which should be sown 
as soon !IS ~ible after coll..,t,ion. .tho sood is 'Very 
small and is best 80wn in shallow boxes of rich soil whioh 
are ~overed with sheets of glaas. Good, fresh seed will 
germinate in from five to fourteen days, and l1li soon 118 

the seedlings are a rew inches high they should be t,...us­
ferred to a well-drained nursery bed, being planted 12 to 
18 in. apart. The plants may require to be protected 
from the Bun for a short time, but thade shoullt be dis· 
pensed with as soon as possible. When 5 rio high the 
seedlings may be planted out, the roots "being first prwted. 
In Assam it has been fOlmd difficult to protZet the seed· 
lings from wild animals if they are planted out at an 
early stage, and the plan has been adopted of transferring 
the young plants to a well-fenced nursery in the forest, 
where they remain until they are 10 to 12 ft. high and 
can he put out without risk. 

The trees are planted in lines cut in the forest, or upon 
completely cleared land. In Assam lines 20 ft. wide 
are cleared at distances of 66 ft., and the trees are 
planted 66 ft. apart in the rows. Formerly the lines were 
cut east and west, but latterly they have been made nod'li 
and south in order to shade the plants from the afternoon 
sun. On cleared land the trees are planted from 31 to­
liO ft. apart. 

Ficu8 elastica ill a surface feeder, and it ill customary in 
Assam to plant the trees on prepared mounds or.. soil 
whioh are usually made 4 ft. high, 10 ft. in diameter at 
the base, and 4 ft. at the top. After the young trees are 
planted, the mounds are covered with grass in order to 
prevent the roots from being 8OOrehOO. •• • 

Attempta to grow the treelf'as epiphytt8, by depositing 
seed on othm. trees in imitation of the natural method 
of ~ation, have not been auooesaful in A.am. 

·BaIie of GIowth.-The size abined by oultivated FirAuI ' 
el4r1ica kees is shown by. ~ following table giviug the 
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a.ver&ge measurement.. of trees' a.t the Charduar pls.nt&­
twn in Assam : 

Age of treel. Average height. 
ft. 

7'36 
9'98 

14'17 
108'29 
22'50 
43'04 
60'71 
74'98 
85'00 

Average girth. 
ft. 

0'26 
0'38 
0'64-
0'95 
1'39 
4'48 
8'52 

y ..... 

1 
2 
3 
4 
5 

10 
15 
20 
24 

12'93 
23'16 

The a .. erage aDnl¥t1 increase in the height of the trees 
at CharduiX durinE twenty-four years was about 3'38 ft. 
and in girth 0'99 ft. 

Collection 'of the RUbber.-In Assam and Burma the 
latex of Ficus elastica does not How sufficiently freely to 
be collected in bulk. When incisions are made a slight 
flow of latex occurs, but after two or three minutes this 
oeases and the latex then simply fills the cuts and there 
coagulates. In order to obtain the rubber in these 
circumstances a number of transverse cuts are usually 
made on the stems and branches by means of a V-shaped 
gouge. The cut.. are made 18 in. apart and extend 
about half-way round the stem or branch. The latex 
t ilich Howe from the cut.. either runs down the stem 
Ul:, 'ih ',11ft> "WIlb m '~ -nadte 'Ill't,'nb 'unrudlllJ&, 'illl.a. "w 

·-the ground, and is there received on small bamboo mat.. 
placed to catch it. These mats are moved about as the 
tapping proceeds, and the latex is allowed to coagulate 
upclf them, thus forming a cake of rubber which is sub­
sequently stripped off. The rubber which coagulates 
in the cut.. and on the stem is allowed to remain for two 
or'three days, and is then collected in the form of scrap, 
~hich ill first cleaned by hand picking, then dried, and 
fuuilly pressed into blocks. JI'he" mat" rUbber is treated 
in a similar way.. • • 

. :ADother method of tapping which has beeA tried in 
• in ~ a series of transverse cuts, 
.• apart. .w.. • chisel i to t in. wide. T-. 
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~uts are arranged in vertical rows, 6 in. apart, and a cup 
IS fixed at tho base of each row. In trials of this method 
during the dry season (November to March) it WAS found 
that two-fhirds of the total yield of nlbber was obtainod 
from the latex collec!('d in the cu}i!l, whilst the remainder 
coagulated on the stem. 

In Java the latex of l'iCU8 ela"tica quickly t'OOgulatea 
spontaneously on ihe stems, and untill'fCCntJy the wholt'l 
of the rubber was collected in- the foltn of scrap ';hich 
was made into bails. In 1911, how('ver, machinery was 
intraduced for treating the scrap nlbber, and some of 
it is now prepared in the form of crepe or block. 

In the Malay Peninsula the Jat<,x of Ficus elastica u811&11y 
flows much more freely than in A_m and Burma and 
can be easily collected in bulk. A number of different 
methods of tapping have been tried, iIlCluding heA-ingbone 
incisions, V incisions, and vertical i~isions,.as well &II 

several pricking systcms. A method of "making "the 
incisions which has been recommended is to cut shallow 
grooves in the bark in the first instance and then to liberate 
the latex by means of a sharp tbin-bladed knife or by a 
pricker. 

Coagulation of the Latez.-It is a curious fact that 
when the latex of Ficus e~tica flows sufficiently freely 
to be collected in bulk it does not readily coagnla.te, 
whereas in other cases it coagulatea so quickly on ex­
posure to the air that the nlbber can only be obtained 
in the form of scrap. 

The latex is not affected by the addition of acetic acid, 
and methods of churning which have been suggested ar6_ 
not very successful. It can, however, be coagulated by 
boiling, but this method is not very satisfactory, as the 
rubber only separates slowly, and the heating must con­
sequently be continued for a long time. Burgeae re­
commends the use of tannic acid as the best coagulant 
for Ficus ela8tic& latex, and has proposed tbe following 
pr~. The latex, which should not be diluted with 
water, is warmed to 4.(JD C., &lid a solution of iantic aciIt • 
of known strength is then added until. there is 1 per _to 
of tannic acid in the !&teL Thus, 1I8ing a 20 per cent. 
solntion of tannic acid, one part of the aolution would 
he added to nineteen parts of-latex. The latex is then • 
gftUtIJ ch.fJlJIll(), av~ violepj; ~ &lid in ODe or 
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two minutes it sets to a cream ~nd complete coagulation 
occurs. 

It is stated that the latex may be convenit'~tly coagu­
lated by adding a 2 per cent. solution of formalin and 
allowing it to stand. 

Yield of Rubber,-The following figures showing the 
amount of rubber obtained at the Charduar and Kulsi 
plan}ations in A~am will illustrate the yield of rubber 
furmshed by the'trees iIt that country ; 

,,",00 /!'.'O'01 treesj Yield of rub her . • 

_______ +_ta_P_P,_d_. 'I-"'-P-P-"-' ~ pertree./ PerlKTe. 

Ollarduar: 
Acros. lb. lb. lb. 

1907-8 642 8,265 8,346 1 13 
ItlOS-9. ,.417 4,734 7,560 1'6 18'1 
1909-10 . 348 5,542 12,971 2'3 37'3 
1910-11 < 336 

Kui., : 
4.3~7 9,087 2'1 27'0 

1907-8 88 2,087 4,083 2 46 
1905-9. 66 3,955 2,573 0'65 39 
1909-10 88 1,477 3,240 2'2 36'8 
1910-11 66 0'9 52 

The trees at Kulsi are planted much closer than those 
at Charduar, and hence the yields per acre are higher. 

In Cachar a number of trees tapped by making numer­
ous small cuts with a chisel, as described on p. 230, gave 
the following results; 
...._Eight trees planted in 1882 were tapped in 1905-6 and 
gave an average yield of 6 lb. of rubber per tree. The 
same trees tapped in 1906-7 gave an average of I) lb. 

"""per tree, the individual yields varying from 2t to 10 lb, 
Four younger trees, planted in 1899-90, gave an average 

of about 2 lb. of rubber in 1905-6 and 21 lb. in 1906-7, 
the .mdividual yields in the latter year being 11, 21, 2t, 
and 3j lho . 

A fonr-year-old Ficus elastica in Klang, Federated 
Malay States, wa.s tapped twice during a year and yi~lded 
~ oz, oI'rubber from the first tapping and 21 oz. from the 
1IOOOnd. • 

It is stated that in Java Pictu elastica ~ b& tapped 
in the.sixth year, and that the amount of rubber obtained 

• ~:~ the age .<If~ trees, 
~.~ Servroe m Java had l2,738 _ planted 
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with Ficus elastica in 19i1, and the yield of rubber ob­
tain(!d therefrom waR 30,000 kilograms, i.e. about 2'5 kilo­
grams (5'5.~,) per acre, The yield has incre6...oo during 
the last few yoars, and it is ,'stimatcd tlmt in 1916 it will 
amount to 258,000 kilograms (about 44 lb. per &ere), 

Tapping cxpcrinlcnt.s cOlldueted in Java at Pamanoo­
Imn and Tjiascm on 5,200 trees gave the following l'esults : 

Age of trees. 

y ....... 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Yi4 of rubbot 
from 5,200 tttW:II. 

kilogt'&I'Wl. 
2,500 
2,247 
686 

Not tapped 
1,500 

, 2,772 J', 

'2,718 • 
Not tapped" 
Not tapped 

1,450 

The diminution which takes place in the yield of rubber 
from Ficus elastica trees on continued tapping is shown 
by the following results obtained in Assam: 

Twenty-one selected dominant trees at Charduar were 
tapped tbree years in succession and furnished 46 lb., 
48 lb., and 9 lb. of rubber in the first, second, and third 
year respectively. 

Two groups of fifty trees each were tapped three years 
in succession by reopening the old incisions in one group. 
and by making fresh incisions in the other. The following 
results were obtained: 

• 1s~ reNo tnd year. lrd , ... 

--------1---,------
lb. QII:. lb. 01. lb. _. 

60 tnts,. in.cisioue reopened 
ISO trees, now incWQD8 made 

ISO 7 U 4, I. 8 
43 0 35 J3 I' J. 

Experiments in other countl'ie$ hav~ given similal' 
J:eIIUlts, and it seems probable that Fiem el6Btico t!wa 
cannot be tapped regularly evay year, but require to 
be periodically rested. 
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Compoaition of the Bobber.'!'" The rubber of Fiwa 
elastica is rather variable in composition owing to the 
great differ.ences which occur in the amouJ#t of resin, 
as will be scen from the following analy8Cs, Made at the 
Imperial Institute, of specimens from difierent countries ; 

Countcy. 

-----------------
l~~Jt~~~~ 1 ~~~~: I Re~in. Protein. l:=I~~·1 .... 

Indiat 
Cha.rduar . 
Kulsi 

• i'el cent. Per cl'nt. Percent. r.roent. Percent. 
Tree rubber n'5 I 9'3 1'5 1'7 0'0 

Me.t;{,b\l& 
M.:.ira. (Mukkie): Scrap 

., .. . Biscuit 
." (Pa.rlakimedi) Cak. 

Gold Coast. Scrap 
Southern Nigeria Biscuits 

..:; ~: 

78'6 10'1 0'9 1'4 0'5 
81'0· 16'2 1'0 .1'9 
67'9 28" 0'0 2'8 0'5 
74'3 23'6 1'0 1'1 .1'7 
88'6 8'1 1'4 1'9 0'0 
81'3 II'S 2'6 "3 1'1 
S9'6 S'4 0'8 1'2 
92'3 6'6 0'8 0'3 
93'7 5" 0'7 0'2 

Ficus Yogelil, Miq.-Ficus Vageli. is the most important 
of the African species of Ficus so far as the production 
of rubber is concerned. The rubber which it furnishes is, 
however, of inferior quality on account of its resinous 
nature and its poor physical properties. 

Ficus Vagelii is a tree from 20 to 50 ft. in height and 
from 8 tQ 20 in. in girth, with large elliptical or obovate­
oblong leaves, 6 to 12 in. long and 4 to 6 in. broad. The 
brownish receptacles (" fruits") are spherical, from t 
to 1 in. in diameter, and usually occur in pairs in the 
IaPI axils or in clusters of four to six below the hairy 
terminal buds at the ends of the branches. It is said 

",thAt the trees can be readily propagated from cuttings, 
and that they are easily cultivated. 

Chevalier states thAt Ficus Vagelii is found in the 
forests of French West Africa both 88 an epiphyte (grow­
ing -Upon another tree) or as a distinct tree, and that 
according to the natives the epiphytic trees yield the 
most rubber. . . •. 

The tree occurs throughout West Africa from 8eDegaI 
'tAl the'mouth of the Cklngp, and is ~ abundant 
in tJie coastal t:egi0Il8, where it occurs in tJie swampy 
forests. It is aJso found in Northern Nigeria. The. ate not generally eqImted in West Africa by 

}~~l,fi·i;i ~ ~~ 
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the rubber collectors, elt&!pt in certain districts where its 
)attlit appe;Ll"S to be added to Funtumia latex in the prepara­
tion of " I~p "rubber. It is stated that thjs practice is 
followed .fti parts of Sierra Leone, Liberia, and the Ivory 
Coast. In Northern Nigeria, however, th" rubber of 
Fieu8 Vagelii is prepared separatdy by the natives and 
the product apppars on the market as .. Niger b&lat .. ," 

The natives obtain the latex eitber by tapping the 
trees, or by felling them and lIlakingJlUmerous al1bular 
incisions in the trunk and branches. 

TJIe rubber is usually prepared by nllowing the latex 
to stand until it coagulates, or by boiling the latex after 
the addition of an acid juke. Coagulation can also be 
brought about by immersing the vessel containmg the 
latex in hoiling water or by diluting the latex with an 
equal quantity of water, allowing tit to "tanw until it 
creams, and then submitting the separated cro.vn of rubber 
globules to pressure. • • 

Ficus Vagel;; is stated to give a large "'eld of latex 
and rubber. A tree thirteen years old growing in LAgos, 
which was tapped during the dry season, yielded 3 qulU'ts 
of latex without suffering injury, and Chevalier rL'COrds 
that a single tree will yield as much as 10 kilogram. 
(22 lb,) of rubber. In the Gold Coast ~ingle trees have 
furnished 2 to 10 lb. of rubber. 

Five-year-old . trees in the Belgian Congo gave an 
average yield of 21 oz. of dry rubber per tree from four 
days'tapping. 

It has been stated already that the rubber of j'lf!m 
Vogelii i& of very resmous character, and the foll()wing 
anAlyses, made at the Imperia.! Institute, of speciment­
from the Gambia, Gold Coast, &lid Northern Nigeria will 
mdicato its usual composition, The figures express the • 
percentage cODlposition of the dry material. * 

Gam .... OoI4ao.t. Nritftll . N~ • 

(I) (2) (S) (I) (2) (» ('J 
,.) (>jf', 

.Caoutcho .... 110'6 6Ii'!l 65';P 62'4 In-I 1l6'2 l1li'5 69'5 .9'S 
:a.;n . 35'4 31'8 29'9 44'4 35'9 31'6 30'9 36i1 47'1 
~ 1'5 1" 1'0 2'l1 1'7 111 2'5 1'8 2" 
z.,lubl. matt« Z'1i 0'9 3'8 - - - - %'1 -
Ash 011 1'4 0'41.011 1'3 0'3 J'J 1'1 0'7 
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It will be seen that the percentage of caoutehouc in €he 
different specimens range. from about 50 to 61j, per C'!>nt. 
and of resin irom about 30 to 48 per cent. otjng to the 
large amount of resin present, the rubber is usually de­
ficient in elasticity and inclined to be soft and sticky. 
It can, however, be utilised for mixing purposes in rubber 
manufacture, and a definite demand now exists for the 
" Niger balata," Vhich is regularly quoted on the Liver­
pool market. Its value "in Liverpool on July 1, 1913, 
was 18. 7d. to 18. sa. per lb., with lump Funtumia rubber 
at 18. 4d. to 18. 9d, per lb. and fine hard Para at 38. ':'Od. 
per lb. 

Afdcan Species of Ficus yielding Gutta-like Products. 
-The latex of a number of the African species of Ficus 
furnishes a hard resinous product, possessing in some 
cases a &1' amount'vf tenacity and exhibiting a super­
ficial resemlt1ance t~ gutta percha. The mat€ria.!, however, 
contains oliO iutta, the characteristic constituent of gutta 
percha, bnt a quantity of caoutchouc, and is, therefore, 
more a.llied to rubber than to gutta percha. The prin­
cipal species which have been report€d t<> yield such 
products in West Africa are Ficus p/atyphyl/a, Delile, 
Ficus bibracteala, Warb., and Ficus trachyphylla, Fenzl. 

All three species occur in Northern Nigeria, and during 
recent years considerable quantities of the product have 
been export€d from that country under the name of 
"Niger gutta." It is a hard reddish-brown mass which 
is.,pbtained by boiling the latex, and is known locally as 
" red Kano rubber." It is used for mixing purposes in 

JUbber manufacture, and is now regularly quoted on the 
-"Liverpool market. Its value on July 1, 1913, was 7id. 

to sa. per lb. in Liverpool. The percentage composi­
tion of the product is shown by the following analyses 
m&dt, at the 1m perial Institute I 

"Nigergutia." ]l'icw pltUnIltf~from 
the ....... 

r (1) • (iI) (3) (1) (0) 

)(ojstme S'O 8'9 S'7 J'4 8"8 
Ceoo.toboua 10'1 8'8 13'2 '5 18'8 
Basin 74'9 75'2 78'0 .67'2 M'I 
~~..;..- 1'0 6'1 4'6 3'9 8'3 . 
A&h ' ),. ''-.~" 

," ",~::~~_1<1' 
3'1' • 4'3 I'll 1'1 3'6 
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..lnother species of Fic~ occurring in Portuguese East 
Afri~ an,\Natal also furnishes a similar produot, This 
tree has ~,. described as Fie"" tdiiia, Sim, MId is knOWlI 
as "Mpa;' in Zululand, A sample of the produot 
examined at the Imperial Institute had the foUowing 
composition: 

Mawr~~ Composition or 
• roomY " dryma~ 

l'eroea!;,; l'erO$llt., 

Moisture 28'4 
Caoutchouo 19'6 21'4 
Resin 49'9 69'6 
Insoluhle matter 2'1 3-0-

Ash O'S 1'1 , I 
This product would realise about jJle IIIWWl urine as 

the .. Niger gutta." 
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tivation of, in Sierra. J..eIne. 16 j 
cultivation or. in Oold CoIUJt. 18; 
cultiva.tion of. in Southern Ni~ 
geria. 20; cultivation of. in. 
Cgaw:Ja, 24; Dultivntion of. in 
Nyasaland, 27; laticlferous tie-
8U6 of, 45-6; botanical OhM· 
ooten of, 102; climatio con· 
ditioWl in Bra.r.il. 103;: distri· 
but,jon 0/, in .Amazon Valley, 
103 ; tapping of, in Brazil, 104 ; 
preparation of rubber of. in 
Brazil, 105; yield of ~ 

~~o~ ;U:'ati!re:nfftior,:; 
cultivation 01, 106-8 : .on... 
suitable for cultivation of, lOS:; 
{ormation of plantatiOl1l of, 
101l-12; raising plante 01. 110, 
ro.te of growtb in dilJonmt 
countries. 112-15; gro'" of 
ca .. h .... ope on pIan_ of, 
116: growth of """""_ fill 
plantati01J8 of. 116, .......m.g 
of plantatione of, 116; maIlW· 
ing 01.117;.us- ~J.111-19 j, • 

• peate of. 111, 119. "'I'P"II! "'; 
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tiODO, 1M, yiekls of 1:ubber 

.from euUiV6ted _. Ul-I5, 
......,...._ of rubber of, .. 
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Ronduraa, British, production or 

ru'bbor in, 10 
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Bymmolophm Bomlmrgii-, 41 

In .. itIo ~ ... a. 24 
IncisioDs, basal V Or Y, 5; tingle 

o~lique. 011'1 67; II. 65, 67; 
hori%o~. 6Gv reopening of, 06. 
121-2.; herrmgbone, 66, 67; 
spiral, 66, 67 ; vertical, 66, 67 

India, area under rubber in, [); 
production of rubber in, 10 

Jpomo«l BOM-nD3:. infusion of. 
used to coagulato CNitillOA 
latex, 216 

Jamaica, production of rubber in. 
10; yjeld of rubber from Cas· 
UUoa trees in, 224-5 

.Java, area. under rubber in. 5; 
yield of rubber from Fic"' 
~'ica in, 232-3 
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.& Kano rubber U from N ottbern 
Nigeria • .21. 236 

Kickzia eIoalica (... Fun_ia 
eIoa''''''J 

K1oI:ziD 8pp., 160 
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of rubber from, 205 
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~~na.40 

f~·r,:;: =,,:'ii,l·it.td <i. 
......... ..-.:1101 
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tani.cal characters of. 188; dis­
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01, ) 92; yiold 01 robber from, 
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Latodolphia Irilu.andian.a. 26. 40 
Landolphia Kirk;i. (0, bo. 

tanical characters of, 189; dis .. 
tribution of, 189; yie.Jd of rub. 
ber from, 201; oompaaition of 
rubber of, 211 

Landolphia K14inei, 40 ; boo 
tanical characters of, 189 ; 
distribution of, 189; rete ot 
growth of, J 9J. 192; yield of 
rubber from , 201 

Landalphia~"""". 2. 40 
Londolphio oworienl1l, 2, U, (0; 

botanical oharacters of, 188; 
distribution of, J 89; yield of 
rubbGr !rom, 198-201 ; rubber, 
cost of collection, 205; compo­
sition of rubber of, 211 

Landolphia flONrifolia. 40; b0-
tanical characters of. 190 

Lcndalphia Perri<ri. 40 
LandolplJia rubber vin89, .0 
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Lcrtdolphia 'p/l<ul"(JCQrpa. 40 
Landolphia 8,0/:.#. 40 
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Landolphia PAolloll1i, 40; bo-

taniO&} cbara.cters of, 190 ; 
yield of rubber from., 204; 
rubber. time occupied in col­
lection or, 206 
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Lartdolphia _>Ilkmu. 23.25.40 
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48; proportion of rubber ib., 
49 j function of, 56 j coaguI.-
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robber of, 150 

JlaMM<MpI4pAylIa, 31, IS7, 157-
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tnalVtano in, 26; L4ndolphia 
Ki,.l;i. in~ 26; LandolpAia par~ 
vi/~ia in, 26; LtuuJoltphia "Thol­
lon" in, 2~; rubber p.lo.nts of. 

r:,;2;~ti:a~~i ~;~~f~ 
brruilitMi. in, 11 6: rate of 

m7h ii~l!fae~hO~~~~~ 
Manihot G~iouii in, 161 

f ~ 
Panama, yield o[ .rubber rom 

CQ.8tilloo ela8t.ica ih, 222 
]'apua, aro& under rubber in, G; 

produotion of rubber in, 10 
rara 'rubber, fine. btnd, lUl)l'ket 

valuesof.'1.l5-7; fine phmf.a,Lion, 
IdIU'kot v.aJuf18 or~ 95-7; 001100-

i~:; &ll;J~ek~(~tn::: 
~ti&!~~tt )lwtation. com· 

Po.ra rubbe:r.rteed oil, 103 
J:'e.rQ, rubber tree "(see HIWJa 

brcuibk..."i"k-
Param.erta glllndulilera, 41; com-

position of rubber irom, 41 
P(lrUlenltttn argenkltum, 43 
.. Paste 11 rubber, 18.21 
Fe.mba, cultivation of rubber 

plants in, 27. Landol,?1tia Ki.r­
.(:i" in, 27; Mcucaren.hcuia 
dmtica in. 27; rubber plante of, 
27 

Pests of Rewa bro.tiliePl"". Il i. 
"9; of Putttllmiu eltuh:OCi, 109 

Periploca 1t.igruoeM. 37 
reru. production of rubber in, 8 
""''''phlil<lra FalleN. 118 
POl\~42 
Produotion of rubber, 5-10 j 

world's fJupply, G 
Protein, amount present in rubber. 

54 

RophiolW'JCnWl utili!. 36; compo-­
.r.Jon ()( rubber 'from, 37 

Resin, amount present in rubber. 
5()...4; variation in amount with 
age of tree, 51-3 ; variation in 
amount in different pal'ta 0( 
pJ.ot.63 

Rhocleofa. C...-podi" ... gNJCil .. W, 
28. CUlafWlrtJ lC'l.riqwe!iol't(J in, 
:l8; Lortdol-pltits Kirkii ill: 28; 
£andolpMo pam/olia m, 28; 

__ raWter pi-to 01. 28. 
~1ta/liolMi, U ; oom· 

pGIi_ 01 rubber Ctom. U 

"Root rubber." plants yioldiog. 
J 86 : preparation of._ J 915 ; 
yields of, 204-5' (). 

!tubber. utilisation of, 3; vu). 
c.a.nisa.lion of, '-1, 83; produc­
lion of, 5-10; wotld's8upp!yof, 
6; m.tbods of preparing. 69-
77; ehnrnoters of froshly pro­
pared, 73; extraction from 
plante by solvents, 73; mo-­
chtmiC&l methods of preparing, 
i3 i f O:tmB of commercial, 7j-6: 
drying of, 75; smoking 0(, 77 ; 
tackineRs 0'(, 77-0; composition 
of, 80; propertioo of, 'I(); &0-
lion of heat on, 81 i synthetic. 
84; &IlAlysia of crude, 86; vis· 
cosity of solutions of, 88; me-­
chanical testing of. 89 ; countries 
of conaumption of, 92 ; mlll'kota 
for, {)(; market. vwuee ai, 95-
100 

Rubber plants, eultivation of, 3 
Rubber-yielding plants, 20-43; 

botanical source, 29; geo-­
graphical distribution, 29 

Sanitation of rubber plo.ntations~ 
liD 

Sapi1lm cladogyne in Br.itish 
GuianEt., 32 

6'apium Jenmani i.n British Gw­
ana, 32 j composition of rubber 
of. 32 

~:~:: ;f~'~r3; in Brazil, 32 
Sapiun, utile, 32 
Sarawllk, production of rubber in, 

10 
Sierra Leone. production of ru_b­

bar in~ 10, 11, 15; Londolphits 
owarit......w in, Hi ; rubtM,r plants 
of, 15; Funlumio ekJftioo in, 
16, ] 6; Olilandra lo%1./lora in, 
16; CWandlO Manni .. in. l 6 ; 
culth·"lioD of robber plants in, 
I 6; Ficutl Vogelii in, J 6 

Soils auitable ror Het:tJ(J, bnuilien­
.i6, 108 

Sp/l<uroo.ilbe ....,...... lI8 
Straits Settl.menta (.... also 

f;wa~u=n ':'!':be~ I~' 
S":~~)..~ 

dGA ..... ~11l6 

~~;;:.,~~. 
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Sum""., ..... wIder rubber il>, It 
Syn~C l'ub~. 84 

Tackin ... o( 9ubl>er, 77-9 
• 'l'tt.eky rub1xtt-, composition ot, 78 

Tapping. generoJ principles of, 
58-Gl ; li'itting's reeea.rchoa on 
tbe effecte of, 61-3 

T.~ping 8ysl<>m., 63--6 
• T..."... fIU-, 117, U9 

Trauavnal, Londo/phia KirHi in, 
27; rubber pl&.llts of, 27 

Trinidad and Tobago, produDtion 
(If rugber in, 10 ; yield 0 ,( rubber 
from Omtilloo tla8tica in, 223 

Uganda, area under rubbet' ~ 6, 
24; prodQ.ction of robber in, 10, 
22, 23; .Amtumia Uallica in, 
23 ; Latl/JQlpllio /forida in, 23; 
Londolphia wbiurbinolQ in, 23; 
Landolph14 lIgaMpt.ti. in, 28 j 

Olilandro orimtal'" in, 23, 24; 
.lAndolphia Dawti in, 23, 24; 
rubber plants of, 23; culti· 
vation of rubber plf¥lta in, 24 ; 
f'at.e of growth of H CtJM. bra.i!i­
emi. in, 1 J 5; yield of rubber 
trom Hevea brtu;li~ in, 133-
(;; rate of growth of 1J ani/un 
GlaziooU in, 145; yield of rulr 
bet from Manihot Gtaziottii in, 
152-4; l'at:e of growth of Fu ..... 
tumia ekH,,"ca in, t 71; yield or 
rubber from F«nlu.mio dMeica 
in,183 

United Kingdom, imports and ex:· 
"",to of rubber. 92 

\ 

United StatOR, importa IWd u · 
porte of rubber, 93 

Dl'ctlo!a ela.ttca, 2, 4J 
U t'ceola uc:uhnla, 411 ; composi. 

tion of rubber from, 41 
Urticnoeac, rubber phwt8 of the, 

3-1-6 

Vah.ta gummi/J. 2 
Vine rubbers, composition of, 210 ; 

cost 01 OOlJ.etion 01, 206 , 

\~~i~~i~:;:~~i~9'l!o;r!!r! 
rubber, 42; rubber-yielding, 
botanica.l cbo.ra.oters or, 1Ij7 i 
rubber-yi.alding, growth of, t 9J ; 

~~IIOOr~bb:r~;i~Jr:~trro:~\~!: 
lion of latox of; 194-6; yields 
of rubber from, J 07-204 • 

~~l~Y~;ld::;"~it~:.ro~~~ 
~~bcr-yielding, ~ti".tion :f, 

Viacoe:ity of rubbor Jlilllftrnl, 88 
VllIca.nisation or rubber, 3, 83 

Weeding of rubber plantation". 
JIG 

White Q.Dta in rubbo.r pltUlta.liou., 
117,119 

lVillugltbei4 il"'"'. ~I 

Xyl,nawiA .RtyMudi, .(_l 

Zan'&ibar and Pemb6., produat!on 
of rubber in, 10 

Za.n&lllv, aultivaLion of rubber 
pjante in. 27 
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