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THE POSSIBILITY' OF EXTENDING CINCHONA 

CULTIVATION IN THE BRITISH EMPIRE* 
SIR GEOFFREY EVANS 

INTRODUCTION 

The Cinchona plant is t h e base, f o r the manufacture of quinine, 
which i s still the most important S p e c i f i c f o r malaria, in spite of 

sihe advent of synthetic tkugs, s u c h a s plasmoquenefiand atitbrine. 
The former d r u g is not now in favour, as it is said to give rise 

*Mremain toxic elects, ^tabrine i s of German ori^ailoLis. .urotec-„ 
dp& hy 'paienfc-v l i s . , cost is h i g h , a n d i t is seated*1' thai, the coat 

* « t r e a t i n g o n e malaria c a s e w i t h it would*be 4.9s. as against is. 
Zfor a sirruTar treatment wjth quinine. In v i e w of the fact that vast ; 

areas of t h e territories owing allegiance t o t h e British Crown are ' 
: sub|ect to this scourge, if is remarkable that-about 90 per oentjof;.; 

the quinine products consumed in the world to-day is produced in 
tbe Netherlands East Indies, and that only about 4 per cent Is matfe ^ 
in British countries. It has been- estimated;that there are satne / 

* Reprinted from The tfmjtfrs Journal of Experimental AgricutfifaTl'Gfol^ 
IX pp. u i - m 



60$mpHon people in the wcTl4..to^y /who_suncer.£rorn malaria and 
that there a r e 2 million fata! casesannually. A large proportion 
,o£ these casualties a r e British subjects. For example, the League 
p^ ;^a^onjj'''Health; Organizatiort gives data showing that 100 mMiton 
peopl^in British India alone suffer f r o m malaria, but only £ to, 1 0 
million a r e treated annually, and in other tropical parts of the Empire 
conditions are much the same. 

;^e;^^e.r^se4^eon^umpt^^ :x>f quinine is :-largely a^matt^rc;.pf 
"price andr",running, concurrently, of efficient propaganda. .Vylth 
.lower prices, a wider knowledge, of.tfie, nature of tne drug and 
elncientmeans ofdistribution; the consumption could undoubtedly 

..be..largely extended. Even at present the consumption S p s . i i 
yery considerable* Thus India -alone,, consumes about SM5»0W ib, 
o f - ^ U ^ e - i > e V > ~ ^ u n i t

: b f 'which 70,000 lb. are produced in" that 
^coimtif anct 140,000 lb. are, made f r o m Dutch East indies bark. 
'The real need for India is provision f o r 100 million sufferers; using 
45 grains a year, which would reouire 600,1100 lb. of quinine sulphate 
annually, In the Colonial. Empire the latest figures, as shown by 
the imports, indicate a consumption of about *7o;6O0 lb. p e r annum. 
Many of the smaller island .g lomes , suc|i-as Fiji, Tonga, and some 
of the West Indian islands, do hot suffer f r o m malaria and do not, 
therefore, impoft quinine. Taking the others, the ^Eastern Group 

,£Qn^)me9.^|ie|^;4t>006'db.,-, the chief,, importers "being* Ceylon 
:ffgJUfiS^FT. Malaya ( 1 5 , W lb.) , and Mauritius ^lOO'lb.)V 
Y % ^ V M * I * M Colonies absorb over. l l , 0 0 0 \ 1 ^ t kenya, Tangan|lfe^ 

. •••an4 tigafldk each staking - •between 2,500 and 3,040 m. a^m^lly* 
: l | e TOst African group absorbsonly T400 lb., a i v a m O u n f y i A 
is*#by«jus1y very mucr| less tha'n^the potential demand. Irt aflifclJe 
ColorJei the Jieec! lor &iMne is/grarV' but # e obstacfe] 'of r#ft*e,. 
w^iirh is greater^than the average inhabitant cab: afford standsln 
"iSeypay of'airy immediate^ mcrease^of con^irnption. 1 . 1 ^ ^ 

;•-.! lihe, whole question of: malaria ccfntrol V as *specially cr^ntsi<lejred 
by the. Health Organization of the League of Natjons. Tbe Special 
M a & f e $Bb^onu#f t% of this I M Y inquired" into the rif'of 

^ ' i t t i t e ^ i ^ ^ M ^ ' a l k a l o i d s that are present,in :Q»cho^fl.;|(^ft;|n 
: ^ o S f t o ^ ^ ^ ^ n i n e . < Tbe :concla&ion reached was that^tfc ^ricken 
jj^oftes of the W O r l d w o u l d benefit fromthe use-Of ^cheajp* 

consisting-of mixed alkaloids, provided these conformed-to H 
;«^netj standards. Totaquina Was the result o f these deliberi 
arid It is a febrifugesmndardited tocontain 70 :per cent.of $$F$i 
^Me^lWbids, « f w h i c h ^ l ^ p e r c ^ t i s ^ u i B i n e ^ , Eirber it may cori^sr 
•h i - t he tOlafc A a i o i d s of low r n i « ^ 
JQ* tuccbubra, mk may be made from the high-yielding C.ledgeriana 
residues with- the addition of sufficient -qpiqtkie.-to -TYING. it up *o 
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yielding Yeuow ( ^ a f k ; £ a r i d C::' o'fficir^s Linn., 
ing^Crow Bark dr ' 'JL6*a. ' 'There; areTtwo Jhybrids whiek have 
n cultivated from time to, tfmey gamely, Ledger Hybrid 

.(kdgerianaxsuccirubra) and fi~ . (rq4*ij«x'o#a»aKs ; xsweirubra). 
•Iftowadays practically all the Cinchona bark of commerce is obtained 
from C^higenam and C- succirubra. In J ava selected plants of 
tU&gemna have givenhigher percentages, and in, fact the contents 
sol quinine and alkaloids seem to-vary somewhat according to variety 
sand also'to enviroimlent. a * 1 : <»' < ' • • * ; • 

ition. Medical tests, according to field;** have proved 
'sadsfactory, although it is stated to be sligtifclyjless effective than 
Quinine, and is' unsuitable for intramuscular injections. Here again 
the question of cost arises, and totaquina is not likely to displace 
quinine unless it is appreciably ^chea^'.^; '^eoretically the extrac­
tion^ of total aikatdidsfrom the bark is t.easier and cheaper than the 
separation of quinine alone, but prejudice is in favour of quinine, 
jmrtly because .of its more attractive colour and.appearance.' The 

"^nce of bark; is the real ciruxof the 'question* arid this is largely 
. controlled at the present time by one 'organisation which holds a 

practical monopoly, namely, the Kina Bureau of Amsterdam. This 
controls the production of bark in the Netherlands East Indies, a 
region which, as has been stated above, provides hot less than $0 
net cent o{ the\ total world production*at present. The supplies 
,t"rom the South American countries, which are the original home of 
she plant are now negligible. , , 

^ < ^ H ^ ^ . A ^ « ? : kj^y;"HisT6«Y OF " ' 
! ITS CUt-TlVATiON 

\ The gentis Cinchona is a native' of the Andean region and grows 
in a wMsta te on the eastern afforested areai of that region, between 
la#tudes 1 0 a N . alncl 8 ° S . t ) in the Republics of Peru and feotivia. 
^here 'are 165 species of the genius Cinchona listed in Index Kewensis 
.jan4 all are c h a r a e t e r i ^ b y possessing bark:containing the quinine 
alfealoiijs to a greater or less d e ^ e e , ' The classification 'has'pre* 

'' sented some dbnictiUy 'to botanists, owing 5 to die ease with whtcji 
^hp species hybridize with .'one another, so giving rise to different 
forms. . There are^ however,, only fonr species whic|i are, or have 

Hbee»» cultivated to any extept lor their alkaloids. These are 
, ̂ gpt^am x Moens ex Tr imi i ; %iM$x, h also known as C. calisaya 
\ Wejjd, vwr* ledgeriantt Howard-frorn 1?hich%edger Bark is obT^wed; 

fVvon ex lOotieeb. ybtpK produces Red Barkt C. 
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Cowan t 3 ) gives the following average percentages of the three 
main species as grown in India:—-

Quinine Other alkaloids Total alkaloids 
C. kdgemna 5.49 3.03 8.52 
C. officinalis 2.93 2.07 5.00 
C. succirubra 1.40 4.85 6.25 

Analyses or the bark; ;indjcate that Cr Wdgeviana is ricuer *>« 
quinine than any other species, hut that C. succirubra possesses a 
high total content of alkaloids, particularly in cinchonidine. These 
fact$ are of great importance in connection with the establishment 
of fhe. planting industry, as naturally efforts have been made to 
cultivate ledgetiana on account of its high quinine-content, in spite 
of the, fact that it is more particular in its requirements and Is less 
easy to grow than the other species. 

The history of the introduction of the plant to cultivation throws 
considerable light on the present state of the industry. Prior to 
1857 Supplies of bark were obtained in limited quantity from the 
native home of the tree in Bolivia and Peru, hence its old name of 
Peruvian Bark. It had long been known as a fever-freeing drug-
as in 1639 the Countess of Chinchon, wife of the Spanish Viceroy' 
of Peru. \vas cured by a decoction of the bark. A hundred years 
later Linnaeus perpetuated the name of this lady by giving the genus 
the name Cinchona. .: 

No real effort seems to have been made to cultivate the tree 
fit' the /South American forests, or to-maintain supplies by replant­
ing and as the demand for the drug increased, especially after 
IfiiO, when French chemists isolated the main alkaloid from- the 
ba'rk and quinine sulphate became the established specific, * the 
importance of securing more abundant and regular supplies becsme-
evident* Between 1845 and 1848 Dr. H; A. Weddell investigated 
the natural occurrence 6f Cinchona trees in South America and 
described the species; He commented on the reckless clearing .of 
t^fe .forests and pointed out that cultivation would have to be un^ktiK 
saken if supplies ^ere-tot be Maintained, - • WeddellVseed was planted 
i n .the Jardin.desPlantes at Paris, and a Jew years later, one..of 
th-bse plants was taken to Java, supplemented later by i m p o r t a t i o n s 
of seed and plants from South America and by exchange from Iqdia. 
Stimulated by his report the East India Company deckled to 'dfspatcfc 
an expedition ;to South America. to obtain seeds and, possible, 
plants,,and placed Mr. (later $ir)Xlements Markham in charge. 
A brief account of his journey is given by Dr, George Smitfc* 



M a r k h a m s u c c e e d e d in c o l l e c t i n g 5 2 9 p l a n t s , t o g e t h e r w i t h a q u a n t i t y 
of s e e d , c h i e f l y - o f t h e calisaya v a r i e t y f r o m ' t h e P r o v i n c e o f C a r a -
v a y a * in P e r u . He a r r i v e d , a t S o u t h a m p t o n in 1 8 6 0 , a n d a f t e r t r a n s ­
m i t t i n g a p o r t i o n t h a t were d y i n g to K e w , t s ) h e p r o c e e d e d w i t h t h e 
r e m a i n d e r t o t h e N i l g i r i M o u n t a i n s in M a d r a s P r e s i d e n c y , a n d 
e v e n t u a l l y 2 7 0 s u r v i v e d t h e p a s s a g e o f t h e R e d S e a . M e a n w h i l e 
s e e d h a d b e e n d i s p a t c h e d t o K e w w h e r e , u n d e r T r e a s u r y i n s t r u c ­
t i o n s , a ' f o r c i n g h o u s e had b e e n e r e c t e d . A l a r g e n u m b e r of s e e d -
U e g s - wei-r, r a ^ - d t h e r e i n -I8G0-1* youngs s t o c k s grow*, a & i 
c o m p e t e n t g a r d e n e r s r e c o m m e n d e d t o t a k e c h a r g e of t h e n e w p l a n t a ­
t i o n s in I n d i a . A t . t h e s a m e t u n e s e e d w a s s u p p l i e d t o t h e W e s t 
I n d i e s a n d C e y l o n . T h e p l a n t s t h u s c o l l e c t e d a p p e a r t o h a v e b e e n 
c f j i e f ly o f t h e t w o s p e c i e s succirubra a n d officinalis, n e i t h e r o f w h i c h 
p o s s e s s e s a h i g h q u i n i n p - c o n t e n t . T h e n e x t s t e p w a s t h e i n t r o d u c ­
t i o n i n t o c u l t i v a t i o n o f C- ledgeriana in 1 8 8 5 . C h a r l e s L e d g e r w a s 
an e x p l o r e r a n d m e r c h a n t , a n d an i n t e r e s t i n g a c c o u n t b y H o l l a n d ^ 
r e l a t e s h o w h i s h e n c h m a n m a n a g e d t o c o l l e c t s e e d f r o m fifty t r e e s 
o f t h e * r o j o ' s o r t f r o m t h e b a n k s o f t h e M a m o r e r i v e r i n B o l i v i a . 
L e d g e r s e n t t h e s e e d t o L o n d o n , w h e r e it a r r i v e d in g o o d c o n d i t i o n , 
a n d a s k e d h i s b r o t h e r t o s e l l it t o "the B r i t i s h G o v e r n m e n t . H e w a s 
u n a b l e t o d o t h i s a n d s o l d t h e g r e a t e r p a r t o f t h e s e e d ( a b o u t 1 3 J b . ) 
t6t M r . J . W ; B . M o n e y , w h o Owned Cinchona p l a n t a t i o n s in" I n d i a . 
T h e l a t t e r did n o t u s e t h e s e e d h i m s e l f , b u t e x c h a n g e d it f o r C . 
succkuhta s e e d w i t h MdlvOr, t h e h e a d o f t h e G o v e r n m e n t C i n c h o n a 
P l a n t a t i o n s i n M a d r a s , s i n c e t h i s v a r i e t y a p p e a r e d t o be w e l l s u i t e d 
t o N i l g i r i c o n d i t i o n s . L i t t l e c a r e s e e m s to h a v e b e e n take** w i t h 
L e d g e r ' s s e e d s m M a d r a s , a n d a l t h o u g h a b o u t 6 0 , 0 0 0 s e e d l i n g s w e r e 
s a i d to h a v e b e e n r a i s e d , t h e y w e r e a l l o w e d t o d i e o u t b e c a u s e t h e 
p o l i c y a t t h a t t i m e w a s to c o n c e n t r a t e o n succirubra. A s m a l l p i n c h 
o f s e e d h a d - m e a n w h i l e b e e n o b t a i n e d b y G . A . G a r n m i e . t h e S u p e r ­
i n t e n d e n t o f C i n c h o n a P l a n t a t i o n s in B e n g a l , a n d 8 0 0 s e e d l i n g s Were 
r a i s e d ; ' P a r t l y b e c a u s e t h e s p e c i e s a p p e a r e d t o d o b e t t e r i n t h e 
H i m a l a y a f o o t h i l l s t h a n in t h e N i l g i r i s . a n d p a r t l y a l s o b e c a u s e t h e 
ferae v a l u e d f t h e Ledgeriana s p e c i e s w a s b e t t e r a p p r e c i a t e d , i t . was 
m u l t i p l i e d r a p i d l y a n d s o o n b e g a n t o r e p l a c e t h e i n f e r i o r v a r i e t i e s i n 

, ^the ' J j teagail ' y l a n t a t i q n s . M e a n w h i l e L e d g e r h a d . d i s p o s e d o i h i s 
" r e m a i n i n g s e e d a m o u n t i n g t o 1 l b : t o t h e D u t c h G o v e r n m e n t , w h o 
s e n t I t to J a v a , w h e r e it c a m e i n t o t h e p o s s e s s i o n o f t h e D i r e c t o r 
of' C i n c h o n a C u l t i v a t i o n , L C . M o e n s , in 1 8 6 5 . T h e n e w s p e c i e s 
t o o k k i n d l y . t o t h e s o i l a n d c l i m a t e o f C h e r i b o n a n d P r e a n g a r , w h e r e 
m o s t of t h e (Cinchona i s s t i l l g r o w n to t h i s d a y . T h e v a l u e o f t h e 
r j ew i n t r o d u c t i o n w i t h i t s h i g h q u i n i n e - c o n t e n t w a s at o n c e r e a l i z e d ! 
and t h e D u t c h w i t h t h e i r u s u a l t h o r o u g h n e s s i m m e d i a t e l y b e g a n a 
s y s t e m of r a t i o n a l s e l e c t i o n w h i c h h a s b o r n e a b u n d a n t ' r e s u l t s . 
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According- to Kerbosch,'7' the planters in Java early formed the 
opinion that the large-scale production of Cinchona bark with a low 
quinine-content would have no economic future. Accordingly,, 
when Cinchona plants were 6rst introduced by Markham, Hasskarl, 
and Schuhkraft, the planters took little interest, since these species, 
mainly officinalis and succirubra, produced bark with a low quinine-
content. There was a change in the situation in 1 8 7 3 , by which 
time the first consignment of bark with a high quinine-content was. 
produced from the plants raised from the seed purchased from Ledger 
in 1 8 6 5 . Private enterprise then began to develop plantations on 
a large scale, more especially as the medical profession was advocat­
ing more and more strongly the use of the drug, with the result 
that the market strengthened and widened. Ceylon was at that 
time a keen competitor of Java, as the planters had been anxious 
to, find a substitute for coffee, which was being destroyed by the 
fungus disease Hemeleia vastatrix, and had substituted Cinchona for 
it. The-area planted to Cinchona in Ceylon jumped from 1 , 5 0 0 
acres in 1 8 7 3 to 6 4 , 0 0 0 acres in 1 8 8 3 , but by then over-production 
had taken place and the price of bark fell from 7 2 Dutch cents in 
1 8 8 0 to 7\ cents ten years later. The Ceylon bark with the low 
quinine-content was at a serious disadvantage with the Ledger bark 
produced in the Dutch East Indies, and the industry declined rapidly. 
The area in 1 8 9 3 was only 5 , 0 0 0 acres, and the Cinchona trees were 
grubbed up to be replaced by the new plantation crop — tea — 
which was then coming into favour and was found to grow well 
under the same conditions as Cinchona'. To-day the Ceylon industry 
js'dead. .. 

In India the position was in some ways similar to that in 
Ceylon, with the difference that Government-owned plantations were 
maintained in the Nilgiri Hills of Madras and in the north-east of 
Bengal on the Sikkim border. These two regions are still the 
centres for quinine production in India, but private enterprise has 
ceased and only the Government plantations remain. At the height 
of the boom in 1 8 8 0 it was estimated that the Government and private 
plantations in the Nilgiris and other parts of southern India amounted 
to 5 , 8 0 0 aci*es,\;with a. production o f . .400 ,000 lb." of'dry'barfe 'pet. 
annum. The Government plantations at Munsong and Mungpbo 
in Bengal covered 2 , 4 0 0 acres and private plantations in Darjeelmg 
another 1 , 8 0 0 acres, the former producing 4 0 0 , 0 0 0 and the latter 
1 5 0 , 0 0 0 lb. of bark per annum. In Ceylon at the same time the 
corresponding figures were 3 3 , 5 0 0 acres and 1 , 0 0 0 , 0 0 0 lb. of bark, 
Java at that time possessing 7 , 5 0 0 acres and . 4 5 0 , 0 0 0 lb. In all 
patts of India the slump in prices caused by over-production saw 

.the elimination of private plantations during the next decade. '. > 
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There were essential differences in the management of the 
Government plantations in Madras and Bengal. In Madras, the 
policy had been to grow succirubra and to a less extent officinalis 
and robusta — species possessing a much lower quinine-content than 
kdgertana. The reasons for this policy were partly that these 
species were those first introduced at the time of Markham's success­
ful expedition, and also because conditions of n\ and climate seemed 
to suit them better than ledgeriana. In Bengal, on the other hand, 
the value of ledgeriana, on account of the high quinine-content of 
its hark, was realised from the time when the first small consignment 
of seed had been secured with so much difficulty, and efforts were 
largely concentrated on the problem of establishing this species, so 
that up to the present time by far the greater part of the area is 
still planted in ledgeriana. 

Cinchona was also tried in the early days in many parts of the 
British Empire, and apart from Ceylon and India, experiments werg 
carried out in Malaya, the Sudan, St. Helena, Jamaica, Trinidad, 
Mauritius, and parts of Australia and New Zealand. In most of 
these places climatic conditions proved to be unsuitable, but jn 
Jamaica a small industry flourished during the boom period The 
area cultivated in 1880 was estimated at 800 acres and the produc­
tion at 50,000 lb. of bark per annum, but the economic conditions 
that proved so fatal in Ceylon and India also applied to Jamaica, 
and the industry speedily declined, so that at the present time all 
that remains to perpetuate the attempt is the name "Cinchona" 
which ii= given to a pleasant old house which is situated high up 
in the Blue Mountains and the headquarters of an old experimental 
garden of the Department of Agriculture. f I :\ > 

This record of failures in the British possessions is in markecj 
contrast to the state of the industry in the Dutch East Indies where 
it continues to flourish today. It will be interesting to examine the 
reasons for this success and the methods by which difficulties hive 
been met and overcome. s 

C A U S E S O r S U C C E S S O F THE D U T C H I N D U S T R Y 

Kerbosch f 7 V mentions that the effect of the slump in prices 
during the 'eighties caused by over-production was felt for twenty 
years afterwards, and the price reached such a low level that many 
lindertskings in Java could hardly work at a profit. In fact, there 

^dagger during this period that Cinchona cultivation.• might/be 
Ibandoned in favoar of another crop, as happened in Ceylon. The 
first real improvement came in 1013 when the producers in the East 
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Indies came to an-agreement with the manufacturers of "quinine 
whereby the supply and sale of bark was regulated to keep pace 
with the world's consumption. This arrangement probably saved 
the estates from financial ruin, but has not really prevented the 
possibility of over-production, for far more bark could be obtained 
by the normal working of the estates than is now allowed to be 
produced by the agreement. A rapid expansion in output could, 
r^erefpre r become.effective!..if-the position ofthe market wairanted 
.such'- action. 

Mention has heen made of the measure of co-operation main­
tained between the growers and the quinine manufacturers which 
was achieved through the Cinchona Agreement of 1913. The 
administration of the Cinchona Agreement lies with the Kina Bureau 
in Amsterdam, which is made up of representatives of both growers 
and quinine manufacturers. Government Influence is of importance, 
as about 10 per cent of the production of bark comes from Govern­
ment-controlled plantations. Since 1934 bark production has been 
further controlled by the introduction of an export quota system, 
and Government decrees the amount of bark that shall be exported 
annnaliy. Thus, in 1936 the export quota was fixed at 1,646,851 lb. 
(expressed as quinine sulphate equivalent), but ih order to'meet the 
world's heavy demand the quota was increased in November" by 
another 157,630 lb. The figures for 1937,1938 and 1939 havebeen 
progressively lower. The producers of bark have benefited gready 
by this restriction scheme, which was extended for another ten 

"yearns on January 1937." The feasibility of this agreement Was 
tfnly possible because the Netherlands East Indies possessed by 
t 9 1 $ a virtual monopoly of production. At least 90 per cent of the 
world's supply was in their hands, owing to* the collapse of private 
enterprise in Ceylon, South India, and other places. It must not 
•be imagined, however, that this position has been easily reached, 
as prior to 1913 the industry had many bad periods. ; 

Some of the reasons for the survival of the Java industry when 
its competitors failed may be briefly mentioned.'* I n the first place, 

. Jhecijmate.of those parts off-jfeya-where CinckonaJ&.grown appears 
to be particularly favourable to its growth; and' especially to 
ledgeriana. The light volcanic soils also seem to be very suitable. 
But apirt from this, due credit must be given to the way in which 

L the early Dutch adopted the policy of concentrating on varieties 
producing bark with a high quinine-content. The industry has; also 

* .been the subject of unremitting research by the Government 
JlOtwcnona. ftatftaiton at TJinjeroean, and * rigorous • control In the 
Section and breeding of new nigh-yielding varieties has given 
planting material of the Highest quality. At the same time field 



'experimental, work has been undertaken with the object of dve>-
coming the dimculty of growing ledgeriana in old soils and in die 
introduction of grafting technique and the rejection of root-stocks. 

•Work'to, coml>at soil dosses from erosion by terracing^ drainage, 
* and the use of greert manures, has .been -continued, and manurial 
<'experiments carried out. .These factors^.in addition to the economic 
lagreemftt'v have served to place the industry in its present lsatis-
faetpry position. : : •* . • .' , -• 1 .'n 

C. ledgeriana requires rather special ecological conditions in 
.order to flourish. A s regards dimate. it will not'stand great heat, 

"and frost is fatal. The ideal-mean temperature* is probably about 
7 5 ° F . with a mean minimum of 60°F. and mean maximum of 85°F. 

: The limits of rainfall fall between 75 and ISOSn. per annum, but the 
distribution is far more.important than the total, precipitation; l i t e 
-|>tant cannot stand long periods .of drought and it is therefore found 
»1 the East, that it is cultivated Ofdy in those districts experiencing 
two monsoons in.the year; * 'Ledger* also.is particular in -if* $j?il 
requirements. • mentions sthat in t Java i t grows on light 

' l o a | ^ o f volcame origin of goqd depth* rich in plant-food, and easily 
worked* Cfey. soils are said tq be quite ansuited and free drainage 
is essential. In India "it is also found that soils derived from granitic 
and volcanic formations are the best. They are acid and. have a 
fairly wide range, from a pH of S - ^ t o 4 ^ 8 ; As regards elevation, 
*Cmchana is grown in Java between; 3,500 and 6,000 feet above 

. sea . level, j&slow or above these levels the yield is not goo4. - In 
JndW the upper limit is 5,000 feetj and the lower about 1,500 feet. 

,,AMow levels the tree grows rapidly* but.has a short life, is liable 
to disease, and the bark has a low percentage of alkaloid. At *he 
higher levels the growth is slower arid the yield of bark is smaller. 

j C. succirufora is somewhat less exacting in its requirements both as 
elevation^ and^ rainfall^ but. the same general conditions * 

#pply to it a> tekdgem$&~; I t #1^ thus be aen.that the ,rian|,Tis 
exacting in its requirement, and it is natural, therefore, that the 

"ttuttiber of focap&es suitable, and Ihe.areas of land available, are 
> sofe'c&at Itni*r*-J- - :• •-. ••' ' ' v - ' * ' 

.* * , — ' * • 1 .. .yr.- . ,~. , _ 

CULTIVATION ' ^ ' 
; / . , In India the sequence of operations fa; follows. , A suitable 

JM$*. of 'virgin rain>fcrest, i s selected sa$ felled during the opjd. 
'-season- (November to March).; I f $$ee&;this land is terrace4#nd 
**"tted 4 x 4 ft, to mark the sites 40f the young trees, which | r e 
waited out from Sfte nursery bed$ In specially prepared holes, 4urtng 
fsiy, ^r^ctmtinufegjor the'neait iw# months w & r i rainy conM$mm 

j n parjeeung light shade^frees onty are needed, but 
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res&tance to disease. 
Strains with, reddish, levels 

'atar-aw iaWwri b£ ftotets,; anditjiree*, with'm 
v&Ofc'imt'*#t mmw crowd each operas types 

i n !0m . < t f t t t a . £ . * « * s p » * j « « | • from, seed 
je 

is, stated'lorange.from arto xspe* eecre*;, ilie'* 
exceed oyer1 so many years m ^e^tir% material 

3 spream 
sed from 

heavier shade is required in. Madras and Burma. Seedlings. are 
Taisid and use! as 0ants;."va«d although experiments with gr̂ lfcfe 
h&m bee»>*»ade thepractice'of plantingout seedlings stilt prevails 
in India; The soil of the ;nursefy«$eds;k' earefoSjr prepared fttttn 
ieaĵ mould collected* fronj the forest. It needs to be worked to a 
fi^/consistency v ^ very small and light and one ounce 
wM' j|Lye:'̂ Cp^^seeo^ngs'.;'- It germinates in rabout three weeks. 

' ^-beuV are ŝ elterM By sloping roofs- of thatch to r^otect 
* eedlings from heavy rain or sun, and seeds are sown 

4tcB. Itiey'must fee'ea\refuUy."Wibere^->ill. a- fine" spray.'at 
fotervais'. - Theseedltnk^ are transplanted twice, first, when 

are just inly expanded to a distance of I tn. apart, 
Mterat tie age df three months, in Majr and June, wnett ftey 
I* Or fin^esU^i md:^k the spacing is S K t ins. T̂ eŷ afe 

_ have been in the nursery for about two years, 
fof&ight feelt^'thenar* .̂ transplanted the roofing of thutcb 

fk gradually removed to harden off the plant. The foung plant** 
I#»*;i8 ^pu^:-abo '̂twice-a-year for m& first two or 4u^*yeai$f *•* ' :riodtcaJ toeing round $h& tree is ah" that i$rented. 

Of |he |>atk begins about the; fourth year >hen t l^kgs 
^ S are deMf wl̂ h Tne final uprooting is mâ e m the 

Ifesft fi&ures. airajlaine' mdicate that a 10-year rotation 
Mve'SwWea^tist-freturn'iR'^UBY^ per unit"-.'of area. Atife final 
'harvest*, the whole tree is uprooted, and the bark stripped; from 
roots, stems* and branches, which is then dried, stored and passed 
to the* factory. This method is said to give better results than'a 

- system of coppicing, which has also been practised. - * 
, u The system employed jq J ava Offers essentially, as .grafted 
plants are utilized as well as seedlings. The methods employed for 
raising seedlings are essentially similar to those described' above, 
except that the seed-beds are more elaborate and the times*of trans-' 
planting somewhat different.'The'ledgeriana plants are all raised 
froth specially selected trees. ' These are chosen for their strong, 
healthy growth, erect stem and erect branching habit, me And wfam 
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quinine-content for planting, is one of the reasons why the industry 
has been able to weather so many vicissitudes in the past and is 
now in its present profitable state, 

C. succirubra is grown on a few small estates where the eleva­
tion and soil are not so suitable for ledgeriana, since it is hardier, 
more adaptable and pos>»r.ses a stronger root-system. It is fcr these 
j>u.-:*ns s i O w n or, all t h e large estates, not for its bark, but as a 
root-stock for grafting purposes. Sands gives an interesting account 
of the method of grafting, and states that the percentage of grafts 
which grow is usually over 90. The grafted plants are ready for 
the field in 8 or 12 months after grafting. From the time of plantr 
ing of succirubra seed to the planting of the grafted plant in1 ..the 
field, a period of about three years is necessary. Ledgeriana seed­
lings are usually planted on newly cleared forest Iand( bat it is-said 
to be hard to establish on old land, and as the area of virgin forest 
that remains is now limited, resort has been had to grafting selected 
ledgenana material on to succirubra. •. 

Progress has also been made in the Belgian Congo in recent 
years. -Stoffels ( " gives a good account of the methods employed 
in raising seedlings and in grafting ledgeriana scion on to sucdrubra 
stocks, which diiter in certain details trom those used in Java . It 
is obvious from this brief account that research has played a vital 
part in the Java industry from the early days. In a recent report 
to the Imperial Council of Agricultural Research for India, the need 
for systematic research on similar lines in India is stressed. , In the 
early days outstanding work was done by Mcl vor in Southern India 
and Gammie in Bengal, and much of the Cinchona was propagated 
by vegetative methods on the government CinchonaPlantations, 
but in recent years research-has played a subordinate part, and the 
small and inadequate staff has had to concentrate^ 6n the'work'of 
supplying bark, extracting,the alkaloid, and despatching the produce 
cf the htctories^ The policy has been so to work the departments 
that ti-?y entailed no loss to th* State. The Java Reports for 1938-
show that the Cinchona bark produced in that country worked out 
at 8 per cent of quinine sulphate, whereas the corresponding figure 
for India was about 4 per cent. It is recognised that the soil condi­
tions, and rainfall distribution are not so favourable in India ( ? J a s 
they are in Java, but it is believed that a properly organised research 
station ought to be able to raise the percentage to 7 within a reason­
able time. Attempts, to graft ledgeriana on to svcctn&ra stocks in 
India have met with indifferent success up to the present, but it is 
suggested that three-quarters of the failure is due to ignorance of 
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the correct technique. In Java, trained artisans can make over 200 
grafts a day with an astonishing degree of success, and there seems 
little doubt that with perseverance and due encouragement, similar 
results ought to be obtainable in India. 

POSSIBILITIES O F E X T E N S I O N IN T H E 
BRITISH E M P I R E 

Too complete a reliance on ur.c country for supplies of this 
vital product, which might prove dangerous in times of war, have 
recently caused another enquiry to be held into the possibility of 
extending the cultivation of Cinchona within the borders of the 
Empire* This has shown that the areas with the exacting conditions 
of climate and soil suited to its growth are definitely limited, but 
it will be of value to Record the progress that has been made in 
recent years to establish or extend new plantings. 

India and Burma.—In India the present position is that the 
possibility of extending in Bengal is very limited, whilst in Madras 
new areas are being tried out in the Anaimalais, and a recent report 
by WiUon and Mirchandani t l ! > indicated that enough first-class land 
existed for an early resumption of Cinchona-grow'mg, about 38,000 
acres of first-class land being available in Bengal, Assam, Orissa, 
Bhutan, Sikkim^ Madras, Mysore, and Coorg. The production of 
Cinchona by planters has now practically ceased. The old plant­
ings in the Darjeeling district have long ago been replaced by tea 
an4 those in Southern India have been grubbed up and abandoned 
or replaced by coffee or some other crop. Further recent attempts 
t o ; interest^ the planting community in this crop have not proved 
successful. A manifesto addressed to the Government of Madras 
by the planters' Association, as lately as August, 1938, laid down 
the following conditions as essential to any such project:— 

1. A guarantee to absorb the production from Cinchona 
estates, provided the bark is of good quality. ' 

2 . : . A guar^suee -to pay the market rates subject K6 a fixed 
minimum. 

3. Partial remission of land assessment on areas planted in 
Cinchona, tor a certain period. 

4. The planters to guarantee not to sell their bark to anybody 
except the Government. 

government m have the right to limit the areas to be 
planted. 
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" T h e matter of a guaranteed minimum price had been the subject 
of repeated representations from 1895 onwards, and finally in 1925 
t h e Government refused. "Accordingly, after an agreement with 
the Planters' Association, new lands in the Anaimalai Hilts were 
opened up by Government in 1925 in order to supplement the supply 
of bark from t h e Nilgiri plantations. T h e s e new plantations appear 
to be doing well and unlike other areas in South India, the ledgeriana 
species seems to be doing better. There the-matter rests at present. 

Practically all the quinine nsjw produced in India is grown and 
: manufactured by Government, but this is only sufficient to meet one-

third of the annual consumption, the rest being purchased from 

Java . It seems improbable that private enterprise will undertake 
rittcfcond-planting unless a guaranteed minimum price is forth­

coming, and die alternative to continued dependence on Java is for 
the Government to expand its own plantations. r 

Attempts to establish Cinchona plantations in Burma were made 
following the report of Lt.-tCo). A . T , G a g e , < t t ) who was commis-
s ioned to inquire into the possibility of increasing Ctncfeona-plantfng 
in the Indian Empire, under instructions from the Government of 
India. In this report the suggestion was made that the hill ranges 
o f T a v o y could probably furnish all the quinine needed by 8re 
British Empire, and also that the proposed plantations should come 
under the direct control of the s ta t e . Wjork establishing in the 
new-plantations was started in 1920, but those in T a v o y were 
^ s t r o y e d in heavy rains in 19&1 and 1922 . Accordingly,%.a^e> 
site was chosen in Mergui district in 1923. T h i s also w a s ' n q t ' a 
success , because of the Tow elevation and t h e abnormally l o n g dry 
season . Dimculty was also experienced with labour. • 
Hon w a s close4 down in April 1W7, -vhen under t h e new c iAt i tSt iSh 
Burma became separated from India, and s h e refused to assuitie 

i the financial responsibilities involved. Theffr n ^ £ : w i i b ^ & n i l f a 
convinced that there a r e Considerable, possibilities ,ipt_(^chomJin 
T a v o y r particularly in the ranges farther inland f r o m t h e coastVhere 
the rainfall is not s o torrential. 

':*Bu&,Afl§&.*^ith2iS already been shown'^£f'fe£ftfaH»f Cfychpm 
- were made in earlier years at a number of places where it was 
.considered that conditions offered a reasonable chance of success. 

Many of these experiments failed, b u t in one o r two colonies, such 
a s Ceylon and Jamaica, better results were obtained and a consider­
able mdustry was built up , only to collapse- during &d pe$c$l of 
over-production in the 'eighties. In t h e post-war period the unsatis­

fac tory petit ion of Empire>«tow» suppBes was ^ c ^ ^ e ^ v i r ^ the 
Imperial Government. In 1925 the Conimittee of Civil Research 



appointed a subcommittee to enquire into Empire supplies and 
reported that any scheme for. extension would be premature, pending 
further information, about synthetic products,: but that in any event 
it would probably be necessary to create ..new plantations if the 
Empire was to be self-supporting in quinine and Cinchona alkaloids. 
As a first step, a grant 6f £2,000 a year was made to, Amani' in 
Tanganiyka to enable that research station to carry out experimental 
work and restore the Old plantations. It must be remembered that 

j |je. vGermans hadimported seed of ledgeriana, succirub^a-, and the 
• hybrid frdm Jaya , as early as 1601 and had 'established plantations 
and a/factory at Amani for the production of quinine. These 
plantations were all cut down during the East African campaign, 
and the quinine so produced was an important factor in preserving 
the health of their forces. The old plantations had coppiced or 
ratooned freely, and .the grant was utilised not only to regenerate 
the old German plantation, but also to plant new areas. Following 
a progress report in 1030, a sub-committee of the Colonial Advisory 
Counct| of A^cul ture was appointed in 1 9 3 1 , and it advised against 
any further work, mainly on the grounds that the use of quinine as 
a specific for malaria was likely to be displaced by more efficient 
synthetic products. As a result, all the Cinchona trees at Amani 
were cut down and the bark stripped, except a plot of C. ledgeriana 
which was kept for seed. An interesting account of Cinchona in 
Amani at the oresent time is given by Worsley together with 
aViafyses of the different kinds of bark and costs of production. It 
is noted that at Amani, as elsewhere, /edgerwtia produces.less bark 
than succirubra, but .gives higher quinine percentages, which were 
on the whole satisfactory; Irt 1936, following representations made 
by certain Cdlonial Governments, the quinine position was again 
reviewed by the Colonial Agricultural Advisory ^Council, and as a-
result Cinchona research i s now included in the .programme of the* 
Amani Institute' The most, recent reports show that |n addition 
to-the plantations controlled by the* Institute, there are about *a 
dozen privately owned plantations in the Usambara Mountains, 
which have areas of old plantings as well as yfking trees. Research 
af Amani indicates that the soils are patchy and that the best areas 

J | i e si toatedJn : the w $ $ ^ j p £ ^ & f ^ ^ Western Usambara.Range. 
"wjjer*! the tamfalf is" IhWvier* and betYer/distributed. * Young 
leigfriana, wheft grown jrt suitable situations and ori the right f^pe 
ofsqil , lp showing considerable promise. *The work so far carried 
out indicates that there is much to be learnt, since the methods of 
cultivation employed in India Or Java'cannot be adopted wholesale 
in, trn's part of Africa- As an instance, trees growing under shade 
are promising, whereas this practice is not the rule in India. Far­
ther, the old Cinchona trees at Amani have regenerated surprisingly 
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wel! from coppicing, which is not the case in other Omcfeona-growing 
countries, where the trees after they have reached the age of eight 
years or so are grubbed up, barked, and replanted with young trees. 
Whether coppicing will prove the best practice in the long run, 
remains to be seen. Investigations are also being conducted into 
the control of the Armillaria root disease, which, together with 
Helopeltis, causes some loss. In the meantime, the Amani nurseries 
ar-^ supplying seedlings to the private planters in the area. The 

...'arias'?-" issued consist cl»i^si;, *\ lea\> ,.a-.*a and its hy'wrid, together 
with succirubra, which seems lo grow particularly well and possesses 
a ' fa i r quinine-content. The question of establishing a factory 
depends on whether the consumption of quinine in East Africa would 
justify the cost. 

. JVest Africa.—Experiments are being conducted in the Man­
dated Territory of the Cameroons. As in Tangamyka, Cinchona' 
was first introduced by the Germans about thirty years ago,'and 
thiee^ small plantations were established, two being near Buea at 
altitudes of 3,200 and 3,500 feet, and another higher up the moun­
tain at Musaka (5,600 feet). Many trees were cut down during 
and after the war and no further interest was taken until 1923v 

when these areas were surveyed, new seedlings planted, and 1,047 
trees counted. By 1927 the number of living trees had been reduced 
to 521. The old trees were found to have coppiced quite well in 
some places, and the proportion of trees still alive was considered, 
s^t^factory in view of the years of neglect that had elapsed.a'Tf&i'.' 
soils are of vojcanic origin and the rainfall conditions appear to be ; 

faVpuirable.^ Recent work has; led to the conclusion that succirubra' 
is rtfipre' suited to conditions than ledgeriana, which is giving 
agJsagpointmg results when grown on its own roots. As it was 
t&|ji§?t .that the only hope of establishing an industry was to produce 
te<ffi|r bark; selection work on this species was commenced uVl937j 
••ffc^fe of the most promising trees were selected for vegetative 
prdpagarion^ . Care is being taken to preserve these trees by mantir' 
ing, asj some of-them Pre «n a bad way.' owing to long years of 
^eglcfK s&^nvh- ie t!V>es*»gat.ons to inquire -•into ..he possimh'iv or 
budding or grafting on ^G, succirubra 'stocks were started in 19g6. 
Budding was found to be impracticable, but, grafting was .mqgg' 
successful. It has been found that by using young, vigorously grow- ; 
ing twigs, which were only slightly woody, and had a soft, pltabfc,;. 
light-Coloured bark, a fair percentage of successful grafts coulpVog 
made. By the end of 1939, l.li^-gr^frs^iiad been made and 
percent were successful, dealing with 12 clones^ More success v̂aftj 
obtained with some of the clones than others, but this is probably 
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due to the actual condition of the parent tree. In the meantime, 
the supply of succirubm stocks is being increased, and it should be 
possible by the end of 1940 to supply small quantities of grafted 
plants for experimental planting on estates. Further progress will 
depend on the manner in which these plants flourish and the price 
of bark and other economic factors. 

Malaya.—Much work has been done in recent years at the 
Agricultural Station in the Cameroon Highlands. Here excellent 
^rowrVho.s been marie by both svcrirxlrt* and the *i«brid seed­
lings, but seedi;,.;;s ot C . ledgeriana are slow in growth and lack 
vigour. On the older areas this species was also in an unhealthy 
condition, being attacked at the base of the stem by the 
parasite Phytophthora cmnamoni, which is associated wkh weak, 
unhealthy trees. Experiments made here also seem to indicate that 
ledgeriana growing on its own roots is not likely to be successful, 
and steps are now being taken to graft it on to succirubra seedlings, 
which grows much better under local conditions. 

New Guinea.—Trials with four kinds of Cinchona have been 
made at the newly established Agricultural Station at Aiyura. which 
is situated at about 0,000 feet on the divide between the head-
Waters of the Ramu and Markham rivers. Although these trials 
are still in their early stage, growth is satisfactory and soil and 
clin^ate are said to be suitable for ledgeriana.m 

Ceylon.—Interest has again revived in Cinchona, and a recent 
report by Haigh [ U } expresses the opinion that Ceylon has a reason­
able chance of producing quinine more cheaply than she can buy it. 
Preliminary trials have been made and seed-beds planted at Malpota^ 
A survey of suitable areas between 3,000 and 5,000 feet has been 
made, and it is proposed to plant one-acre test plots on nine repre- : 

sentative areas as a preliminary step. Budding and grafting trials 1 

are also being carried out with the object of determining the most 
suitable technique. , 

SUMMARY 

•n conclusion, it is important--to M e m b e r the factors that are 
necessary to establish a Cinchona industry lhey are hot only con­
cerned with the successful production of bark. As indicated in this 
noS, there is probably sufficient suitable area in the Empire to 
provide all the quinine it requires. It has been estimated that India 
alone possesses 38,000 acres of first-class land for this purpose, 
and there are other large potential areas scattered throughout the 
Empire, in many of which experiments are now being, conducted 
with promising results. The costs of production have proved 
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difficult to estimate, but in Bengal it may be assumed to be around 
Rs. 10 per 15. (the rupee = ls . 6d.) But the experience of the 
Cinchona Departments of India indicates that the difficulty was 
chiefly that of distribution. Production is one thing — consumption 
is another. Given the necessary financial backing and an organised 
official drive against malaria, much could be accomplished. Lacking 
these preliminaries, success for a planting industry would appear to 
be problematical. It must be remembered that the Kina Bureau 
controls the quinine market, and. as has already bf°n pointed out, 
it is regulating production from the Java plantations, which can 
readily expand their output to a very considerable extent, should 
the necessity arise. 

The desire to render the Empire less dependent on outside 
sources for supplies of this essential specific is natural, but if produc-. 
tiop is to.be increased, it will either have to be done by the estab­
lishment of Cinchona plantations and factories by the (^vernment, 
as in India, or by private enterprise. If the latter is to be 
encouraged, the need will arise to consider State assistance in the 
shape of a guaranteed minimum price for bark over a period of 
years, to be accompanied by an organised drive to popularise the 
use of quinine, and the establishment of an adequate system of 
distribution. 
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HOUSING OF ESTATE LABOUR* 
a a FAY 

The problem of finding suitable sites oft steep up-country estates 
on which to build extra line accommodation,,where necessary, tor 
one's present labour must have exercised the minds of numerqus 
Superintendents. 

Apart from the undesirability of cutting out valuable tea, when 
estates have no suitable wasteland on which to build, the lack, of 
sufficient water, particularly in Uva, may make.it impossible to find 
any site that will meet the demand, so the only alternative to my 
mind is to build up.. This can be done by converting existing single 
line.room sets into two storey buildings which will amplify an estate's 
line accommodation for its present labour force up to 100 per cent 
ol its existing single line rooms, thus eliminating the necessity of 
finding new sites or fresh water supplies. -

A sketch of the plan I have in mind with details of construction; is 
shewn overleaf, from which it will be seen that an existing ground floor 
room is-to be extended to include the verandah thus giving a room 
1 0 feet x 1 0 feet or 1 2 feet x 1 7 feet, preferably the former, toredfyce 
the ceiling span:. "Ahove this a. room 1 0 feet x 1 2 feet 13 constructed 
arM'l^e~"ba^anee;«f the space*is'utilized for^ verandah;exactly bier 
and equivalent in dimensions to the original ground floor Verandah. 
Access to the upper floor is given by an inside staircase "from the 
lower enlarged room thus providing two intercommunicating rooms, 
ideal for large families. A suitable kitchen could be erected along 
the back of the building, to complete the e n s e m b l e . 

* The IrtsUtute does not necessarily endorse the views expressed in 
papers contributed by others than members of the staffs 
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