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This report is the product of a Workshop jointly sponsored by the 
National Science C~uncil of Sri Lanka (NSC) and the National Academy of 
Sciences of the United States (NAS). The Workshop's purpose was to iden- 
tify scientifically sound projects that exploit natural products, that 
are realistic for Sri Lanka, and that can significantly contribute to the 
nation's economic and scientikic development 

Sri Lanka is ideally suited for exploiting plants It has warm 
temperature year-round, ample rainfall and su~light, and a range of cli- 
matic zones and altitudes, A century ago, several tropical plants were 
introduced to the country. Most grew well, but for reasons of colonial 
policy only tea, rubber, and coconut became major crops Even cinnamon, 
one of the country's ~ o s t  important spices, was neglected. 

This report, which has resulted from the joint deliberations of the 
Ceylonese and American Workshop participants, presents a number of sug- 
gestions for improvement of ongoing programmes, for marshalling latent 
resources, and for experimenting with new fcod and export crops A com- 
panion report "SLICHEM" (Sri Lanka International Chemistry Programme) 
outlines a major project to expand and upgrade natural products research 
in Sri Lankafs universiti-es and research institutes. 

The suggestions and recommendations in this report have resulted from 
the pooled knowledge and experience of all participants and are presented 
in several chapters that reflect the subject matter of the Work<-ng Sub- 
groups of the Workshop. Each chapter of the report establishes priorities 
that are meaningful in the context of available data and reflect the com- 
bined judgment of the participants at the tlme the Workshop took place. 

Clearly, to implement all the top priority items simultaneously 
represents a task that would exceed the sklll, manpower and funds even of 
a country larger than Sri Lanka, The Workshop payticipants realize that 
within the framework of national goals and polic,es, government officials 
must select from all these recommendations a small number of their top 
priority projects. 

In 1974 the National Science Council asked t5e National Acadenjy of 
Sciences to join in a Workshop to evaluate natural products that could 
contribute to the country's future economic deve70prnento The Academy 
agreed, and the Workshop was held in Colombo, June 2 - 6, 1975. The 
opening address was delivered by Mr. T B Subasinghe, Ministe~ of Tn- 
dustries and Scientific Affairs. A comprehensive wr'tten review of 



n a t u r a l  p ~ o d u c t s  r e s e a r c h  i n  p r o g r e s s  i n  S r i  Lanka was p r e p a r e d  by t h e  
N a t i o n a l  Sc ience  c o u n c i l ,  * and d u r i n g  t h e  Workshop t h e  American d e l e g a t e s  
conducted b r i e f  seminars  on new c rop  p l a n t s  t h a t  a r e  b e i n g  e x p l o i t e d  i n  
ozher  p a r t s  of t h e  t r o p i c s  and on p l a n t  p r o d u c t s  i n  c h r o n i c  shor , -  supp ly  
i n  w o r l d  marke t s .  

But t h e  c r u x  of t h e  Workshop was t h r e e  days of j o i n t  working s e s s i o n s  
b y  f o u r  s e p a r a t e  working groups  c o v e r i n g :  a )  U n d e r u t i l i z e d  Food Crops;  
b )  " lant-Der ived I n d u s t r i a l  P r o d u c t s ;  c )  E s s e n t i a l  O i l s  and S p i c e s ;  and 
d )  Pledicinal  P l a n t s  and Plant-Der ived P h a r m a c e u t i c a l s .  The c o n c l u s i o n s  
o f  each working group were p r e s e n t e d  t o  t h e  Workshop p l e n a r y  sessions f o r  
comment and c r i t i c i s m .  

This  f i n a l  r e p o r t  i s  t h e  e d i t e d  c o l l e c t i o n  of t h e  d r a f t s  from tbn 
working groups  t o g e t h e r  w i t h  g e n e r a l  c o n c l u s i o n s  developed by t h e  Worlcshop 
p < i r t i c i p a n t s  a t  p l e n a r y  s e s s i o n s .  The r e p o r t  i s  w r i t t e n  e s p e c i a l l y  f o r  
those  who w i l l  be  making d e c i s i o n s  f o r  economic development f o r  S r i  Lanka. 
i t  p r e s e n t s  some i d e a s  t h a t ,  w i t h i n  t h e  wisdom and e x p e r i e n c e  of some 
s i x t y  Workshop p a r t i c i p a n t s ,  r e p r e s e n t  sound, p r a c t i c a l  a l t e r n a t i v e s  o r  
s u p ~ l e m e n t s  t o  e x i s t i n g  programmes. 

The Workshop p a r t i c i p a n t s  v i s i t e d  t h e  Peraden iya  B o t a n i c a l  Gardens; 
tile U n i v e r s i t y  of S r i  Lanka, Peraden iya  Campus; t h e  Medical  Research ~ n -  
s t i t u t e ;  t h e  Ceylon I n s t i t u t e  of  S c i e n t i f i c  and I n d u s t r i a l  Research,  and 
F l o r a l i a  L t d .  Some members of t h e  American d e l e g a t i o n  v i s i t e d  t h e  Coconat 
Research I n s t i t u t e ,  Lunuwila;  The Rubber Research I n s t i t u t e ,  Agalawat te ;  
t h e  Bandaranaike  Memorial Ayurvedic Research I n s t i t u t e r  t h e  F i s h e r i e s  Re- 
s e a r c h  S t a t i o n ;  a  cinnamon p l a n t a t i o n ;  and t h e  U n i v e r s i t y  of S r i  Lanka, 
Coloxnbo Campus. 

The s p o n s o r s  wish t o  thank t h e  Government of S r i  Lanka and t h e  U.S. 
Agency f o r  I n t e r n a t i o n a l  Development ( T e c h n i c a l  A s s i s t a n c e  Bureau, O f f i c e  
of Sc ience  and Technology) f o r  t h e i r  f i n a n c i a l  s u p p o r t  The Workshop 
p a r t i c i p a n t s  thank  t h e i r  k i n d  h o s t s  a t  a l l  i n s t i t u t i o n s  v i s i t e d ,  U.S. 
Ambassador H E .  C h r i s t o p h e r  Van H o l l e n ,  t h e  N a t i o n a l  Sc ience  Counci l ,  and 
F l o r a l i a  L t d .  f o r  even ing  r e c e p t i o n s ,  and t h e  Ceylon Government Marketing 
Depar tmer t ,  Lever B r o t h e r s  L t d . ,  and Mackwoods L td .  f o r  g i f t s  o f  samples 
of t h e i r  p r o d u c t s  and mementos t o  the American d e l e g a t e s .  

Recogni t ion  and thanks  a r e  a l s o  due t o  t h e  many i n d i v f d u a l s  who con- 
t r i b u t e d  l o n g  hours  and d e d i c a t e d  e f f o r t  t? t h e  Workshop, e s p e c i a l l y  t o  
t h e  Workshop S t e e r i n g  Committee and t h e  Workshop S e c r e t a r i a t  dlawn from 
t h e  l \ T a ~ ~ o a a l  Sc ience  Counc i l  of S r i  Lanka and t h e  Ceylon I n s t i t u t e  of 
S c i e n t i f i c  and Industrial Research.  
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S e c r e t a r y  f o r  S r i  Lanka) P r o f e s s o r  G .  P .  Wannigarna 
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CHAPTER I 

INTRODUCTION 

S r i  Lanka ' s  economy r e s t s  mainly  on t e a ,  r u b b e r ,  and coconuc,  It i s  a  
ve ry  tenuous f o u n d a t i o n ,  R e l i a n c e  on a  s m a l l  number of p l a n t s  c a r r i e s  g r e a t  
r i s k ,  f o r  monocul tures  a r e  v u l n e r a b l e  t o  c a t a s t r o p h i c  f a i l u r e  caused by 
d i s e a s e ,  by v a r i a t i o n s  i n  c l i m a t e ,  o r  by changing Lgorld market c o n d i t i o n s .  
I n  t h e  p a s t ,  o t h e r  c o u n t r t e s  have been p lagued  by d i s e a s e s  t h a t  have t o t a ~ l y  
des t royed  coconut  and rubber  c r o p s .  Growing a i r  t ~ a f f ~ c  between S r ;  Lanka 
and o t h e r  n a t i o n s  i n c r e a s e s  t h e  p r o b a b i l i t y  t h a t  new d i s e a s e s  w i l l  be in -  
a d v e r t e n t l y  i n t r o d u c e d  

S r i  Lanka must s e e k  t o  e x p l o i t  o t h e r  p l a n t s - - € o r  food a t  home and f o r  
markets  abroad .  F o r ~ u n a t e l y ,  because  t h e  i s l a n d  h a s  one of t \ e  w o r l d ' s  
b e s t  c l i m a t e s  f o r  p l a n t  growing-warm and sunny year-round and a  r a n g e  of 
r a i n f a l l  zones ,  a l t i t u d e s ,  and s o i l s - p l a n t  p r o d u c t s  can  c o n t i n u e  t o  be a 
mainstay of t h e  n a t i o n ' s  economy. But d i v e r s i f i c a t i o n  must b e  encoulaged.  

To h e l p  t h e  economy and t o  f e e d ,  c l o t h e ,  and house  a  r a p i u l y  i n c r e a s i n g  
p o p u l a t i o n ,  i t  i s  t ime  ;a c o n s i d e r  p l a n t  s p e c i e s  t h a t  h e r e t o f o r e  have been 
l i t t l e  known, u n d e r - e - q l o i t e d ,  o r  n e g l e c t e d  i n  Sr' Lanka, 

rhe  a p p a r e n i  advancages of t h e  p l a n t s   hat a r e  wio- ly  c u l t i v a r e d  i n  
S r i  Lanka o v e r  t h o s e  t h a t  a r e  n o t ,  o f t e n  r e s u l t  o n l y  from t h e  d i s p r o p o r t i o n -  
a t e  r e s e a r c h  a t t e n t i o n  they  have r e c e i v e d .  dany s p e c l e s  t h a t  cou1.d be  im-  
p o r t a n r  f o r  r h e  c o u n t r y ' s  econon,y w e r t  d i s r e g a r d e d  d u r l n g  t h e  c o l o n i a l  e r a ,  
when consumer demands i n  Grea t  B r i t i a n  and among l o c a l  B r i t i s h  r e s i d e n t s  
l a r g e l y  de te rmined  l o c a l  a g r i c u l t ~ ~ r a l  r e s e a r c h  p r i o r i t i e s .  The s e l e c t e d  
crops---such as r u b b e r ,  coconut ,  t ea - - rece ived  much r e s e a r c h  a t t e n t i o n .  Even 
a f t e r  independence,  t h e  p a t t e r n  of c o n c e n t r a t i n g  on a few c r o p s  changed 
l i t t l e ,  Marke's abroad were a l r e a d y  e s t a b l i s h e d  and the count ry  needed 
f  o r e j  gn exchange 

Because of t h i s ,  t h e  l o c a l  p o t e n t i a l  of many c r o p s  h a s  n o t  been f u l l y  
exp lored .  (A s t r i k i n g  c a s e  i s  Dambala, Psophocarpus t e t r a g o n o l o b u s .  This  
n a t i v e  p l a n t ,  v r f r t u a l l y  u n s t u d i e d  i n  S r i  Lanka, promises  t o  b e  one of t h e  
most p r o d u c t i v e  p l a n t - p r o t e i n  s o u r c e s  i n  t h e  t r o p i c s . )  There  i s  a n  u r g e n t  
need f o r  r e s e a r c h e r s  t o  become a c q u a i n t e d  w i t h  S r i  Lanka 's  p l a n t  l i f e ,  
I inportant  new p r o d u c t s - - o i l s ,  gums, and waxes; p r o t e i n s  f o r  food and f e e d ;  
compounds of i n d u s i r l n l  and m e d i c i n a l  impor tance ;  and chemica l s  f o r  i a s e c -  
t i c i d e s - -  a r e  l i k e l y  t o  r e s u l z .  

The v a r i e t y  of S r i  L a n k a ' s  p l a n t  s p e c i e s  IS i m p r e s s i v e .  There a r e  re- 
corded o v e r  3,300 f l o w e r i n g  p l a n t  s p e c j e s  i n  a b o u t  1 , 3 0 0  genera  and 172 



f a m i l i e s .  Contained among them may be a  w e a l t h  of new p r o d u c t s ,  En d e c i d i n g  
upon t h e  o o t e n t i a l  of e a c h ,  i t  i s  n o t  enough t o  c o n s i d e r  s o l e l y  t r a d i t i o n a l  
needs  and marke t s .  New raw m a t e r i a l s  w i l l  be r e q u i r e d  i n  t h e  f u t u r e .  
Changing c o n d i t i o n s  a r e  a l r e a d y  c r e a t i n g  demands f o r  new p r o d u c t s  from p r e -  
v i o u s l y  u n d e r e x p l o i t e d  p l a n t s ;  more w i l l  b e  needed as p r e s s u r e s  i n c r e a s e  f o r  
t h e  e x p l o i t a t i o n  of renewable r e s o u r c e s .  

- - I n n o v a t i o n s  i n  t r a n s p o r t a t i o n  have made i t  f e a s i b l e  t o  t r a n s p o r t  

p e r i s h a b l e  p r o d u c t s  around t h e  wor ld .  

-- Aff luence  i n  c e r t a i n  p a r t s  of t h e  world  h a s  i n c r e a s e d  b o t h  t h e  

consumer's  a b i l i t y  t o  pay f o r  s p e c i a l  i t e m s  and h i s  d e s i r e  f o r  
new p r o d u c t s  such a s  r a r e  s p i c e s ,  f r u i t s ,  f r a g r a n c e s ,  c u t  f l o w e r s ,  
and o t h e r  l u x u r i e s .  

- - S r i  Lanka 's  burgeoning p o p u l a t i o n  and con t inued  p o v e r t y  a r e  in-  

c r e a s i n g  t h e  need f o r  h i g h l y  p r o d u c t i v e  food p l a n t s  and f o r  hardy 
s p e c i e s  t h a t  can b e  grown i n  c u r r e n t l y  unused marg ina l  l and .  

-- Improved s c i e n t i f i c  knowledge h a s  c r e a t e d  demands f o r  new s p e c i a l i z e d  

p l a n t  p r o d u c t s ,  i n c l u d i n g  u n s a t u r a t e d  f a t s ,  low-ca lo r ie  swee teners ,  
and b i o d e g r a d a b l e  p e s t i c i d e s .  

+ - New i n d u s t r i a l  p r o c e s s e s  have s t i m u l a t e d  t h e  need for l a r g e r  supp l - i es  

of m a t e r i a l s  such a s  e l a s t o m e r s ,  l u b r i c a t i n g  o i l s ,  drug p r e c u r s o r s ,  
and waxes. 

P l a n t s  grown i n  S r i  Lanka cou ld  meet many of t h e s e  demands. 



RECOMMENDATIONS 

L a t e r  c h a p t e r s  recommend a lmos t  f O L  LY p l a n t s  ( o r  p l a n t - d e r i v e d  p r o  
d u c t s )  t h a t ,  because  of t h e i r  p o t e n t i a l  f o r  S:i Lanka, w a r r a n t  g r e a t e r  use 
o r  g r e a t e r  a r t e n t i o n  from r e s e a r c h e r s .  A s e l e c t i o n  of n i n e ,  t h a t  i n  t h e  
judgment of t h e  Workshop d e s e r v e  t h e  h i g h e s t  p r i o r i t y ,  a r e  summarised i n  
t h i s  c h a p t e r ,  a l o n g  w i t h  genera;  recommendatLons on s c i e n c e  f o r  S r i  Lanka's  
f u t u r e  .. 

PROJECTS FOR 1IQ"IEDIATE TIQLEMENTATION 

P a s t ~ r e s  Urder Cgconuts 

S;i Lanka's  p i o n e e r i n g  work on i n t e r c r o p p i n g  of p a s t u r e s  w i t h  cccona t s  
i s  now b e i n g  a p p l i e d  e l sewhere  i n  A s i a ,  i n  t h e  P a c i f i c ,  and i n  t h e  Caribbeari. 
But i t  h a s  been l i t t l e  adopted i n  S r i  Lanka i t s e l f .  P l a n t i n g  p a s t u r e  in 
coconut p l a n t a t r o n s  shou ld  be g r e a t l y  i n c r e a s e d .  It w i l l  have major  impact 
on t h e  n a t i o n ' s  m i l k  and meat s u p p l i e s ,  w i l l  i n c r e a s e  farm income, and w i l l  
improve s t a b i l i t y  i n  t h e  coconut i n d u s t r y .  A network o f  n u r s e r i e s  t o  pro- 
duce and d i s t r i b u t e  p a s t u r e - c u t t i n g s  t o  coconut fa rmers  i s  recommended. 

I n t e r c r o p p i n g  Under Coconuts 

Usicg t h e  c o c o n t t  p l a n t a t i o n  l a n d  t o  grow a second c rop  could  2;oauce 
food ,  i n c r e a s e  f o r e i g n  exchange,  and expand employment i n  r u r a l  a r e a s .  
Th i s  i n t e n s i v e  agriculture r e q u i r e s  c a r e f u l  c rop  management, b u t  t h e  Coconut 
Research I n s t i t u t e  h a s  completed t h e  n e c e s s a r y  t r i a l s  and h a s  fodnd success-  
f ~ l  methods. T h e i r  p r ~ c e d u r e s  shou ld  be  extended t o  t h e  whole cdconut 
farming commbnity. 

P a s s i o n  F r u f t  

There  is l a r g e  demand £03- p a s s i o n  f r u i t  p r o d u c t s  i n  world  markets .  
However, improvements i n  h o r t i c u l t u r e  and i n  p r o c e s s i n g  a r e  ind!spensable 
i f  S r i  Lank& ts t o  c a p i t a l i z ?  on t h i s  demand 



F l o r i c u l t u r e  

A number o f  t r o p i c a l  c o u n t r i e s  (Colombia, E r a z i l ,  I v o r y  Coas t ,  I s r a e l ,  
and S ingapore ,  f o r  example) a r e  now c a s h i n g  i n  on t h e  enormously l u c r a t i v e  
e x p o r t  of f r e s h  f l o w e r s  t o  Europe,  North America, and Japan.  The I n t e r -  
n a t i o n a l  Bank f o r  R e c o n s t r u c t i o n  and Development (World Bank) h a s  g iven  
l o a n s  f o r  such v e n t u r e s .  S r i  Lanka shou ld  e x p l o r e  t h e  p o t e n t i a l  f o r  l a r g e -  
s c a l e  p r o d u c t i o n  o f  s a l e a b l e  f l o w e r s  f o r  a i r  shipment t o  Europe, t h e  
Middle E a s t ,  Hong Kong, o r  Japan .  

Kenaf 

T h i s  quick-growing, tal l-stemmed h e r b  p roduces  a  v e r y  h i g h  q u a l i t y  
f i b r e  f o r  u s e  i n  t e x t i l e s  o r  p a p e r .  R e c e n t l y ,  i t s  agronomy and t h e  tech-  
nology f o r  paper  p r o d u c t i o n  h a s  been worked o u t  by t h e  U.S. Department 
of A g r i c u l t u r e .  A decade ago agronomic t r i a l s  showed t h a t  i t  grows w e l l  
i n  S r i  Lanka. 

C i t r o n e l l a  

Although "Ceylon" c i t r o n e l l a  i s  n o t  i n  h i g h  demand, t h e  "Java" t y p e ,  
l i t t l e  grown i n  S r i  Lanka, i s  h i g h l y  va lued  by t h e  i n t e r n a t i o n a l  f r a g r a n c e  
i n d u s t r y .  A  t a s k  f o r c e  o f  r e s e a r c h e r s  and commercial i n t e r e s t s  i s  needed 
t o  develop j o i n t l y  t h i s  l a t t e r  t y p e  i n t o  a  marke tab le  p r o d u c t  i n  S r i  Lanka. 
The r e t u r n s  i n  f o r e i g n  exchange might be  s u b s t a n t i a l .  

Lemongrass O i l  

There i s  a  growing demand by i n d u s t r y  f o r  c i t r a l ,  t h e  major i n g r e d i e n t  
of lemongrass o i l ,  a  demand t h a t  i s  l i k e l y  t o  c o n t i n u e  f o r  a t  l e a s t  a 
decade.  I n c r e a s e d  p r o d u c t i o n  could  y i e l d  i m p o r t a n t  f o r e i g n  exchange 
e a r n i n g s  f o r  S r i  Lanka. 

P a t c h o u l i  O i l  

T h i s  o i l  i s  a  s t a n d a r d  component of many f r a g r a n c e s  and ,  a l t h o u g h  
s u b s t i t u t e s  have o f t e n  been  t r i e d ,  none have been  found s a t i s f a c t o r y .  
Continued demand f o r  t h i s  o i l  a p p e a r s  c e r t a i n ,  and i t  o f f e r s  a  p o t e n t i a l l y  
p r o f i t a b l e  o p p o r t u n i t y  f o r  S r i  Lanka. I f  a c o n t i n u i n g  supp ly  of good- 
q u a l i t y  p a t c h o u l i  o i l  can b e  g u a r a n t e e d ,  c o n t r a c t s  from large-volume u s e r s  
f o r  long- term p u r c h a s e s  a r e  l i k e l y  t o  be  for thcoming.  



Vetive-i Oil 

The o i l  from v e t i v e r  r o o t  1s t h e  b a s i s  f o r  =any f r a g r a n c e s .  Almost 
- J l  e s s e n t i a l  o i l  companies u s e  i t .  Though t h e  v e t i v e r  p l a n t  i s  n a t i v e  
t o  S r i  Lanka, i t  i s  o t h e r  c o u n t r i e s  such a s  H a i t i  and  guni ion t h a t  e x p l o i t  
51. However, a  world  s h o r t a g e  now e x i s t s  and v e t i v e r  cou ld  be  produced 
a s  an  i n t 2 r c r o p  between t e a  o r  coconut i n  S r i  Lanka. I n c r e a s e d  p r o d u c t t o n  
from s u c ? ~  p l a t i t a t i o n s  shou ld  be  f o s t e r e d :  

THE IMPORTANCE OF RESEARCH 

Short - term,  stop-gap measures a r e  n o t  t h e  answ-er t o  t h e  long-term 
de.~:el.opment of S r i  Lanka and i t s  q u e s t  f o r  econo~nic  s t a b i l i - t y  and inide- 
pcndence. i t  i s  d o u b t f u l  t h a t  any deve lop ing  c o u n t r y  can become s t r o n g  
l f ~ i t t ~ o a i t  a  p r o p e r  b a i a n c e  of s c i e n t i f i c  r e s e a r c h ,  development of new pro- 
grztnmes, and a c q u i s i t i o n  o f  technol.ogy t h a t  w i l l  a l l o w  i t  t o  e x i s t  i n  a 
i;'ig?lly con lpe t i t ive  wor ld .  S r i  Lanlca i s  no e x c e p t i o n .  

Ihe Workshop members u r g e  t h a t  s e r i o u s  c o n s i d e r a t i o n  b e  g iven  t o  t h e  
S ~ ~ ~ I I O L . ~  of b a s i c  and a p p l i e d  s c i e n t i f i c  r e s e a r c h  i n  S r i  Lanka, e s p e c i a l l y  
as  they app1.y t-o t h e  a r e a  of n a t u r a l  p r o d u c t s ,  on which t h e  coun t ry  r e l i e s  
so h e a v i l y .  A number of r e s e a r c h  p r o j e c t s  and r e s e a r c h  a r e a s  a r e  sugges ted  
i n  t h e  body of t h i s  r e p o r t .  P r o p o s a l s  l i k e  t h e s e  must n o t  b e  n e g l e c t e d  
i f  S r i  Lanka i s  t o  p r o s p e r  and grow. 

LIBRARY FACILITIES 

The. Aner ican group was shocked by t h e  d e p l o r a b l e  sEate of l i b r a r y  
c.aci i . - i . t les  and the l.ack of up-to--:late t e c h n i c a l  j o u r ~ a l s  and books i n  
Srl Lanka, They were inc redu%ous  t h a t  no s c i e n t i f i c  j o u r n a l  s u b s c r i p t i o n s  
o r  pr l i~chases  of s c i e n t i f i c  books f o r  r e s e a r c h  and t echn ica l .  l i b r a r i e s  have 
bren a u t h o r i s e d  s i n c e  1973. $or  a l l  p r a c t i c a l  p \Jrposes ,  t h e r e f o r e ,  f o r  
L ~ : C  p a s t  two y e a r s  c r  more t h e  Ceylonese  s c i e n t i f i c  community h a s  been  
:;;s,;lat:ed J r o m  t h e  r e s t .  of t h e  world .  T h i s  canriot c o n t i n u e  much l o n g e r  
v i . ~ h o ~ a t  rnorral  r e s u l t s  i n  s c i e n c e ,  s i n c e  a l a r g e  p o r t i o n  of t h e - i r  know- 
:!edge 1 3 : - i l . 1  v e r y  r a p i d l y  become o u t  of d a t e  and t h e y  w i l l  soon :Lose touch 
wi i l k - .  the s u b j  e c r s  i n  which t h e y  were t r a i n e d .  

The r e a s o n  f o r  t h i s  d r a c o n i c  measure was a p ~ a r e n t l y  t h e  d e s i r e  by 
* >. 
.-L?.E Sri i a n k a  p l a n n i n g  a u t h o r i t i e s  t o  s a v e  f a r e i g n  c u r r e n c y ,  b u t  t h e  p e n a l t y  
fc.r such s a v i n g s  is  ex t remely  h i g h .  Inmedia te  s t e p s  must b e  t aken  t o  s o l v e  
this problem and ; permanent s o l u t i o n  must be found q u i c k l y .  The v i s i t i n g  
. ; c ien t i scs  recommend t h a t  t h e  key r e s e a r c h  i n s t i t u t i o n s  i n  S r i  L,anlca make 
a 1-ist o f  e s s e n t i a l  j o u r n a l s  and books and t h a t  t h e y  ask t h e  Government 
df S r i  Lanka t o  fund s u b s c r i p t i o n s  a t  once.  

if t h e  Government of S r i  Lanka cannot  a f f o r d  t o  s u b s c r i b e  t o  t h e s e  
Jolirnals, the American group s u g g e s t s  t h a t  l o c a l  s c i e n t i s t s  c o n t a c t  the 
e ~ ~ l b a s s i e s  of the key c o u n t r t e s  p u b l i s h i n g  such  j o u r n a l s  (Uni ted S t a t e s  
of k-  , ~ t e r i c a ,  Urnited Kingdom, West Ger-many, France ,  S w i t z e r l a n d ,  Scand inav ia ,  

etc,) and provide  t h e m  w i t h  l i s t s  of t h e  most u s e f u l  j o u r n a l s  and books 



publ i shed  i n  t h e i r  coun , r i es .  The p r o p e r  Ceylonese a u t h o r i t i e s  shou ld  
~ s k  t h e s e  f o r e i g n  governments i o  dona te  t h e  j o u r n a l s  t o  an a p p r o p r i a t e  
l i b r a r y ,  which would t h e n  make them a v a i l a b l e  t o  a l l  r e l e v a n t  Ceylonese 
i n s t i t u t i o n s .  Th i s  would b e  a n  a p p e a l  t o  i n t e r n a t i o n a l  c h a r i t y ,  p robab ly  
riot t h e  most d e s i r a b l e  a l t e r n a t i v e -  b u t  a,, inprovement over  t h e  p r e s e n t  
s i t u a t i o n ,  which h a s  a l r e a d y  caused damage and w i l l  c a u s e  i r r e p a r a b l e  
r e t r o g r e s s i o n  i f  a l lowed t o  p e r s i L s t .  

The Workshop p a r t i c i p a n t s  were encodraged t o  i e a r n  of one p o s i t i v e  
s:ep t o  1 - e ~ ~  :he l i t e r a t u r e  s i t u a t i o n .  A p r o p o s a l  f o r  t h e  e s t a b l i s h m e n t  
of  a N a t i o n a l  S c i e n t i f i c  and Technol3g ica l  I n f o r m a t i o n  Cent re  h a s  been 
submi t t ed  t o  t h e  government. It i s  hoped t h a t  i t  w i l l  be funded.  

Th is  Cen t re  w i l l  e s t a b l i s h  a  c e n t r a l  documextat ion and i n f o r m a t i o n  
s e r v i c e ,  which w i l l  a l s o  l i n k  t h e  e x l s t i n g  i n f o r m a t i s l  r e s o u r c e s  ;Ire 
b e n e f i t s  of t h e  p r o j e c t  s h o ~ l d  be ,hat  ;I1 i n f o r m a t i o n  -FeSodicsS a v a i l a b l e  
i n  the c o u n t r y  w l l l  be  used t o  t h e  f u l l e s t  e x t e n t .  I n  i h e  org-ierm, i t  
i s  hoped t h a t  t h i s  C e n t r e  can  c o q p e r a t ?  w i t h  n a t i o n a l  documentation c e n t r e s  
af o t h e r  n a t i o n s .  

The Cent re  initially d i l l  o p e r a t e  thn3ugh t h e  i J ~ ~ ~ o n a - -  Scler-ce Counci l .  
A phased programme o f  p r e l i m i n a r y  o ~ e r a t i o n s  f o r  1935 - '978 119s been 
p repared ,  r e c r u i t m e n t  of s t a f f  i s  comple te ,  and t h e  w,,k 2,ogr;s,me .ras 
a l r e a d y  been i n i t i a t e d .  

The Workshop w h o l e h e a r t e a l y  e n d c r s e s  t h i s  p r o j e c t .  

CENTRPlL LABORATORY FOR SCIENTIFIC INSTRUMENTATION 

S r i  Lanka 's  s c i e n t i s t s  have long  f e l t  t h e  need f o r  a C e n t r a l  Labora to ry  
f o r  S c i e n t i f i c  I n s t r u m e n t a t i o n .  The concept  was proposed over  a decade 
ago a s  a means t o :  a )  i n c r e a s e  e f f i c i e n c y  o f  i n s t r u m e n t  u t i l i z a t i o n ;  and 
b) c e n t r a l i s e  r e p a i r  and maintenance f a c i l i t i e s .  It i s  proposed then  t h a t  
n c e n t r a l i s e d  i n s t r u m e n t  f a c i l i t y  b e  des igned  t o  s e r v e  t h e  needs of a l l  
r r s e a r c h  i n s t i t u t i o n s  and u n i v e r s i t i e s  i n  t h e  i s l a n d  and oe administered 
through t h e  N a t i o n a l  Sc ience  Counc i l ,  The Workshop r e c o g n i s e s  t h e  need 
f u r  such  a f a c i l i t y  and unders tands  t h a t  the  N a t i o n a l  Sc ience  Counci l  h a s  
a l r e a d y  t a k e n  i n i t i a l  s t e p s  towards i t s  i n s t a l l a t i o n ,  

High p r i o r i t y  must b e  g iven  t o  t h + s  p r o p o s a l ,  

A PROPOSAL FGR A S R I  LANKA INTERNATIONAL LHEiiliSTRY PROGRAMME (SLICHEM) 

The i n t e r n a t i o n a l  s c ~ e n t i f i c  community i s  i n c r e a s i n g l y  wor r ied  by the  
gdp between s c i e n t i s t s  i n  the  developed anc d ~ v e l o 2 i n g  world .  S r i  Lanka 
j s  a pr ime example of t h e  s e r i o u s  conseq~ienees  r e s u l t i n g  from the %solatian 
o f  s c i e n t t s t s  from t h e i r  c o l l e a g u e s ,  from s e r v - ~ c e  f a c i l i t i e s ,  and from t h e  
l i t e r a t u r e ,  S r a  Lanka has h i g h l y  t r a i n e d  s c i e n t i s t s  and i t  h a s  b u f l d i n g s  
c o n s t r u c t e d  f o r  r e s e a r c h  and t e a c h i n g .  But b o i h  a r e  u n d e r u t i l i z e e ,  The 
r o o t  c a u s e  of t h i s  i s  t h e  d i f f i c u l t y  i n  o b t a i n i n g  f o r e f g n  exchange.  
Chemists workfng i n  n a t u r a l  p roducts  are among the s c i e n t i s t s  hardest h i t .  
Th i s  s i t u a t i o n  cou ld  be c o r r e c t e z  by a n o v e l  p r o j e c t  t h a t  p ro?oses  o r g a n i z i n g  
chemical  s o c i e t i e s  i n  a number of c o u n t r i e s  i n t o  A c o o p e r a t i v e  programme 



aimed a t  s u p p o r t i n g  chemical  r e s e a r c h  i n  S r i  Lanka. I n  t h i s  p r o j e c t  each 
chemical  s o c i e t y  would p r o v i d e  funds  f o r  s c i e n t i f i c  equipment produced i n  
t h e i r  c o u n t r i e s  and would p r o v i d e  t r a v e l  funds  f o r  one of t h e i r  l e a d i n g  
n a t u r a l - p r o d u c t s  c h e m i s t s  t o  work i n  a  c o n t i n u i n g  c o l l a b o r a t i v e  i e s e a r c h  
w i t h  Ceylonese chemis t s  i n  t h e  e x i s t i n g  u n i v e r s i t y  campus and r e s e a r c h  
i n s t i t u t i o n s  l i k e  t h e  Ceylon I n s t i t u t e  of S c i e n t i f i c  and I n a u s r r i a l  Research,  

Without any e x p e n d i t u r e  of S r i  Lanka 's  f o r e i g n  exchange r e s e r v e s ,  t h i s  
programme would h e l p  b r i n g  t o  T h e  i s l a n d  t h e  equj-pment and f a c i l i t i e s  t h a t  
t h e  s c i e n t i f i c  community needs  s o  d e s p e r a t e l y .  It would d e c r e a s e  t h e  is-  
o l a t i o n  Ceyloness  s c i e n t i s t s  now f ee l ,  f o r  i t  would b r i n g  i n  a con t inuous  
s t ream of t h e  world  s f i n e s t  n a t u r a l - p r o d u c t s  cl-emists. T h e i r  impact  ori 
t h e  S r i  Lanka f u t u r e  development i s  i n e s t i m a b l e  F i n a l l y ,  i t  would perhaps  
he lp  t o  h o l d  back t h e  b r a i n - d r a i n  p r e s s u r e s  t h a t  a r e  f o r c i n g  Ceylonese 
s c i e n t i s t s  t o  seek  f u l f i l l m e n t  i n  t h e  b e t t e r - e q u i p p e d  l a b o r a t o r i e s  abroad-  

Th is  p r o p o s a l  i s  d e t a i l e d  i n  a  companion r e p o r t  

PRESERVATION OF PLANT GERM PLASM 

A massive  e f f o r t  i s  needed t o  e n s u r e  'he s u r v i v a l  of endangered p lane  
spez2-es th roughout  S r i  Lanka. Wanton d e s t r u c t i o n  of n a t u r a l  v e g e t a t i o n  
i s  k i l l i n g  many, b u t  t h ?  r e l e n t l e s s  s p r e a d  of c o n v e n t i o n a l  agricu1:ure 
d i s p l a c e s  a.:d d e s t r o y s  mar-y o t h e r s .  P r e s e r v a t i o n  o f  endangered and t h r e a t e n e d  
s ~ e c i e s  o f  p l a n t s  i n  t h e i r  n a t i v e  h a b i t a t  i s  t h e  b e s t  method of e n s u r i n g  t h e i r  
s u r v i v a l  and shou ld  be  adop ted .  C u l t i v a t i o n  o r  a r t i f i c i a l  p r o p a g a t i c n  of 
t h e s e  s p e c i e s  shou ld  be  used o n l y  a s  a  l a s t  r e s o r t  when e x t i n c t ~ o n  appears  
c e r t a i n ,  and then w i t h  t h e  i n t e n t i o n  of r e e s t a b l i s h i n g  t h e  s p e c i e s  i n  i t s  
n a t u r a l  h a b i t a t .  

H a b i t a t  p r e s e r v a t i m  must be  g i v e n  t h e  h i g h e s t  p r i o r i t y  i n  a l l  conser-  
v a t i o n  a c t i v i t i e s ,  b u t  p a r t i c u i a r l y  when d e a l i n g  w i t h  endangered s p e c i e s ,  
Otherwise ,  p o t e n t i a l  b r e e d i n g  s t o c k s  c l o n e s ,  and c u l t i v a r s  could  become 
e x t l n c t  . 

To t h i s  end,  t h e  b o t a n i c  ga rdens  and f i e l d  s t a t i o n s  must a l s o  b e  pre-  
se rved .  The n a t i o n ' s  n a t i v e  f l o r a  r e s o u l c e s  a r e  t o o  v i t a i  t o  i t s  economic 
development t o  a l l o w  any of +he e x i s t i n g  c o l l e ~ c i o n s  t o  b e  l o s t  



CHAPTER 111 

UNDERUTILIZED FOOD CROPS 

Severa l  a g r i c u l t u r a l  p r o j e c t s  r e l a i i n g  t o  food deserve urgent govern- 
ment a t t e n t i o n .  The fol iowing nave been i d e n t i f i e d  a s  having high p r i o r i t y :  

1. Pas tu re  ~ n d e r  coconut 
2. In te rcropping  under coconut 
3 Pass ion  f r u i t  
4 .  Limes 
5. Man'oc 
6.  Dambala 
7 ,  Sweet p o t a ~ o  
8. E d a r a n  
9 Kandala 

The u n a v a i l a b i l i t y  of s u i t a b l e  land  i s  a s e r i o u s  Eactor t h a t  l i m i t s  
food product ion  i n  S r i  Lanka: most of t h e  i s l a n d ' s  a r a b l e  land i s  now used. 
However, t h e r e  a r e  approximately 1 , 2  m i l l i o n  a c r e s  of coconuts,  and us ing  
t b e  land  between t h e  palms f o r  a d d i t i o n a l  c rops  would make about 1,000,000 
actd-itional a c r e s  a v a i l a b l e  f o r  a g r i c u l t u r e .  I f  improved pas tu re  and d a i r y  
c a t t l e  can be in t roduced  t o  t h e  smal l  coconut ho ld ings ,  increased  product ion  
05 meat, milk and o t h e r  foods wobld r e s u l t ,  and much fo re ign  exchange could 
be  saved. S r i  Lanka's Coconut Research I n s t i t u t e  (CRI) has  pioneered t h e  
development of p a s t u r e  under coconut. Through i t s  e f f o r t s ,  world a t t e n t i o n  
has  been focused on t h e  p o t e n t i a i  of coconut lands  t o  produce milk and meat, 
and i n c r e a s e  farm income. C R I  a l s o  was the  f i r s t  t o  recognize t h e  importance 
of t h e  p a s t u r e  g r a s s  Rrach ia r i a  m i l i i f o r m i s  (Cori  g ra s s )  and t o  r e p o r t  t o  
t h e  world i t s  p o t e n t i a l  a s  a p a s t u r e  p l a n t .  Using t h e  C K I  r e sea rch ,  coconut- 
growing c o u n t r i e s  z lsewnerr  i n  Asia ,  i n  ihe P a c i f i c  i s l a n d s ,  and i n  t h e  
Caribbean have grown some Cori  g r a s s ,  But unfor tuna te ly  the  r e sea rch  l e s u l t s  
have not  been wideiy aaopted i n  Sr5 Lanka ~ t s e l f .  

This s i t u a t i o n  should not  c o n t l r ~ J e .  A l a r g e  percentage of t h e  t o t a l  
c a t t l e  pspulae ion  i s  a l r eady  r a i s e d  on ur,imprsved ' na tu ra l "  p a s t u r e s  under 
t h e  palms Much g r e a t e r  product ion  could be  achieved i f  C R I ' S  r e s u l t s  
w i th  p a s t u i e  i n t e rc ropp ing  were widely app l i ed .  

The ingned ien t s  f o r  a programme L I L ~ :  can be  i lnpleme~~ted immediately a r e  



a t  hand: t h e r e  i s  a  s i g n i f i c a n t  c a t t l e  p o p u l a t i o n  a l r e a d y  p r e s e n t ,  t h e  re- 
s e a r c h  work h a s  been done; and Colombo's markets  f o r  b o t h  mi lk  and m e a t  a r e  
c l o s e  t o  t h e  Coconut T r i a n g l e .  

Tie government ' s  p o l i c y  of p r o v i d i n g  s u b s i d i e s  f o r  p l a n t i n g  improved 
p a s t u r e s  i s  commendable. The need now i s  t o  f i n d  mechanisms t h a t  w i l l  
a c c e l e r a t e  t h e  programme and i t s  a d o p t i o n .  The Workshop recommends t h e  
fo l lowing  p rocedure  : 

C o r i  g r a s s  n u r s e r i e s  shou ld  b e  e s t a b l i s h e d .  One a c r e  of n u r s e r y  shou ld  
be e s t a b l i s h e d  f o r  every  200 a c r e s  of p a s t u r e  t o  be  developed.  Enough c ~ t -  
t i n g s  from t h e  n u r s e r y  shou ld  be made a v a i l a b l e  t o  fa rmers  (wi thou t  charge)  
s o  t h a t  t h e y  cou ld  p l a n t  one zcre on t h e i r  farms C o r i  g r a s s  grows 
r a p i d l y  and :an b e  g razed  s i x  t o  e i g h t  weeks a f t e r  p l a n t i n g ,  s o  t h e r e  w i l l  
be  l i t t l e  l o s s  o f  f e e d  d u r l n g  t h e  changeover.  

From h i s  f i r s t  a c r e ,  t h e  fa rmer  cou ld  h a r v e s t  h i s  own C o r i  g r a s s  t o  
p l a n t  i n  o t h e r  areas. The programme must i n c l u d e  a n  e x t e n s i o n  phase  to 
emphasize t o  f a r m e r s  t h a t  t h i s  improved p a s t u r e  w i l l  produce b e t ; e r  f e e d  
f o r  t h e i r  an imals  and g r e a t e r  income. 

The new p a s t u r e s  w i l l  r e q u i r e  n i t r o g e n o u s  f e r t i l i z e r ;  such n i t r o g e n  can 
come from commercial  f e r t i l i z e r s ,  b u t  a  b e t t e r  method i s  t o  grow a legume 
t h a t  f i x e s  n i t r o g e n  from a i r .  The legume of  c h o i c e  f o r  growing i n  combin- 
a t i o n  w i t h  Cor i  g r a s s  i s  Cent ro  (Centrosema pubescens ) .  Centro  r e p r o d u ~ e s  
from s e e d ,  and t h e  seed  i s  a v a i l a b l e  l o c a l l y ,  however, i n c r e a s e d  seed  pro- 
d a c t i o n  may be  r e q u i r e d .  Another p o s s i b l e  legume i s  Leucaena l a t i s i l i q u a  
( fo rmer ly  L .  l e u c o c e p h a l a  o r  L. g l a u c a ) ,  which c a n  f i x  l a r g e  amoun:s of 
n i t r o g e n .  Very p r o d u c t i v e  v a r i e t i e s  have now been  developed a t  t h e  Unlver- 
s i t y  o f  Hawaii;  s e e d  i s  b e i n g  e x p o r t e d  i n  l a r g e  q u a n t i t i e s  t o  t h e  P h i l i p p i n e s .  

The CRI h a s  worked o u t  t h e  t e c h n i q u e s  f o r  growing h i g h - q u a l i t y  p a s t d r e  
under c o c o n t t s .  It can p r o v i d e  ,ethnical a d v i c e  on p l a n t i n g  and managing 
t h e  p a s t u r e s  and on o b t a i n i n g  o r  g rowl tg  Zen t ro  s e e d s ;  i t  can a l s o  p r o v i d e  
Cor i  g r a s s  Y l a n t i n g  m a t e r i a l s  No f ~ r e i g n  t e c h n i c a l  a s s i s t a n c e  i s  r e q u i r e d .  
Except f o r  a p o s s i b l e  s h o r t a g e  of Centro  s e e d s  and f e r t i l i z e r s ,  a l l  of t h e  
i n g r e d i e n t s  f o r  t h i s  programme a r e  a v a i l a b l e  I n  S r i  Lanka. 

T h i s  p r o j e c t  shou ld  b e  c o o r d i n a t e d  w i t h  t h e  farm demons t ra t ion  programme 
on i n t e r c r o p p i n g  t h a t  i s  now b e i n g  conducted by t h e  CPI i n  t h e  t h r e e  sub- 
zones of t h e  Coconut T r i a n g l e -  Th is  programme cou ld  be  r a p i d l y  impl-mented 
on s e v e r a l  hundred thousand a c r e s  of coconut  l a n d s *  However, c a r e f u l  
phas ing  w i l l  b e  needed t o  keep i t  manageable.  Th-s p c o J e c t  shou la  p r o v i d e  
much-impioved f e e d ,  s t a b i l i z e  t h e  l i v e s t o c k  i n d u s t r y ,  and I n c r e a s e  p r o d u c t i o n  
o f  l i v e s t o c k  p r o d u c t s .  It w i l l  b r i n g  a n  i n c r e a s e d  m i l k  supp ly  f o r  Colombo 
and t h e  n a t i o n ;  obvious  n u t r i t i o n a l  b e n e f i t s  w i l l  r e s u l t .  

I n  a d d i t i o n ,  t h e  p r o j e c t  w i l l  a l s o  i n c r e a s e  farm income and b r i n g  
g r e a t e r  s t a b i l i t y  t o  t h e  coconut i n d u s t r y .  Farm l a b o u r  u t i l i z a t i o n  w i l l  a l s o  
tmp r o v e ,  

INTERCROPPING UNDER COCONUT 

a c c e l e r a t e d  programme of growing c r o p s  o t h e r  t h a n  p a s t u r e s  on coconut 
l a n d s  would a l s o  b e  i m p o r t a n t  f o r  S s i  Lanka- For  l o c a l  u s e  o r  e x p o r t ,  food 
p l a n t s ,  e s s e n t i a l  o i l - b e a r i n g  p l a n t s ,  m e d i c i n a l  p l a n t s ,  o r  i n d u s t r i a l  c r o p s  



can a l l  b e  grown on t h e  l a n d  between t h e  palms This  i s  e s p e c i a l l y  i m p o r t a n t  
f o r  t h e  f o l l o w i n g  r e a s o n s :  

1. The CRI, a  world  l e a d e r  i n  growing c r o p s  i n  c o n j u n c t i o n  w i t h  
coconuts ,  h a s  developed methods t h a t  can b e  implemented i m -  
m e d i a t e l y .  

2 .  Coconut l a n d s  have h i g h  r a i n f a l l ,  need no i r r i g a t i o n  and a r e  
c l o s e  t o  marke t s  and t r a n s p o r r a t i o n .  

3 ,  Some form of ground cover  i s  needed t o  c o n t r o l  weeds i n  any 
c a s e ;  i t  may a s  w e l l  b e  p r o d u c t i v e .  

Many of t h e  p l a n t s  mentioned i n  t%is r e p o r t  can  b e  grown a s  a n  i n t e r -  
crop w i t h  coconut  palms,  fgr example,  p a s s i o n  f r u i t ,  l i m e s ,  manioc,  vege- 
t a b l e s ,  p a t c h o u l i ,  v e r i v e r  , s p i c e s ,  a l ~ d  many m e d i c i n a l  p l a n t s .  

The CRL h a s  much s x p e r i e n c e  w i t h  i n t e r p l a n t i n g  t h e s e  and o t h e r  c r o p s  
beiween coconuts .  T h e i r  r e s e a r c h  now g i v d s  t h e  government a  sys tem of 
i n t e n s i f i e d  a g r i c u l t a r a l  management t h a t  c a p i t a l i z e s  on t h e  t r o p i c a l  en- 
vironment of S r i  Lanka, t h a t  w i l l  produce food and e x p o r t  income, t h a t  w i l l  
improve l and  u s e ,  and t h a t  w i l l  p l o v i d e  i n c r e a s e d  r u r a l  employment, 

The government shou ld  p r o v i d e  funds  L O  e n s u r e  t h a t  a l l  ~ v a i l a b l e  i n -  
fo rmat ion  from t h e  C R I  1s mobi l i zed  and p u t  t o  u s e ,  L i t t l e  o r  no t e c h n i c a l  
a s s i s t a n c e  from o t h e r  n a t i o n s  shou ld  b e  r e q u i r e d .  

If funds  a r e  r e q u i r e d ,  t h e  Internat : -onal  Bank f o r  Recons t ruc t ion  and 
Development (World Bank) shou ld  b e  approached f o r  h e l p .  Tntercropping o: 
coconuts  a p p e a r s  z p r o f i t a b l e  p r o p o s i t i o n .  

T h i s  programme shou ld  b e  implemented q u i c k l y  I; must be coordnnared 
w i t h  t h e  p r e v i o u s l y  d i s c u s s e d  improved p a s t u r e  programme. Indeed,  t h e  two 
a r e  cc~nplementary .  S ince  i n t e r c r o p p e d  l a n d s  w i l l  no l o n g e r  be  a v a i l a b l e  
f o r  g raz i rLg ,  improved p a s t u r e s  w i l l  b e  needed t o  s u p p o r t  t h e  d i s p l a c e d  
an imals .  (However, i n  some l o c a t i o n s  a t r i p l e  c ropp ing  system- coconuts ,  
p a s t u r e ,  as w e l l  a s  a  food o r  cash  crop--could b e  p r o f i t a b l y  implemented,)  

I n t e r c r o p p i n g  w i l l  r e q u i r e  i n c r e ~ s e d  u s e  o f  f e r ; i l i z e r ,  n o t a b l y  n i t r o g e n  
phosphorus ,  and po tass ium.  Tvierever f e a s i b l e ,  n i t r o g e n  should be  o b r a i ~ e d  
by u s i n g  leguminous p l a n t s ;  phosphorus can be  o b L a i n e d  from l o c a l  rock 
phospha te  d e p o s i t s .  

PASSION FRUIT 

S r i  Lanka s p a s s i o n  f r u i t  j u i c e  e x p o r t  i n d u s t r y  h a s  been developed t o  
i t s  p r e s e n t  l e v e l  i n  o n l y  t h r e e  y e a r s ;  i t  i s  now e a r n i n g  approx imate ly  
Rs. 3,000,006 i n  f o r e i g n  exchange a n n u a l l y .  But t h e r e  i s  i n c r e a s i n g  demand 
f o r  more s o p h i s t i c a t e d  equipment and a d d i t i o n a l  p r o d u c t s  f o r  expore  marke t s ,  
A s t r o n g  impact h a s  a l r e a d y  been made by S r i  Lanka p a s s i o n  f r u i t  j u i c e  i n  
world marke t s  ana  t h i s  may be  a r t r i b u t e d  t o  t h e  i n h e r e n t  h i g h  f l a v o u r  of 
P a s s i f l o r a  e d u l l s  grown i n  S r i  Lanka and t o  t h e  the rmal  p r o c e s s i n g  technology 
a l r e a d y  developed h e r e .  It i s  e s t i m a t e d  t h a t  an  dxijort  market of a t  least 
R s .  10 ,000,000 i s  a v a i l a b l e  t o  S r i  Lanka from p a s s i o n  f r u i t  Roweve', t h e  
economics of f r u i t  p r o c e s s i n g  depend on  t h e  y i e l d  of j u i c e  p e r  a c r e ,  Im-  
proved h o r t i c u l t u r e  and p-ocess ing a r e  e s s e n t i a l  i f  t h e  i n d u s t r y  i s  t o  expand 
aid t o  compete i r l  f o r e i g n  m a r k e t s .  Wi th  on ly  minor- improvements i n  q u a l i t y ,  
and with t h e  i n r r o d u c t i o n  of new p r o d u c t s ,  (especraELy t h o s e  t h a t  r educe  



£:eight c o s t s ) ,  t h i s  i n d u s t r y  could  e x p e c t  t o  be  a  major and s t a b l e  f o r e i g n  
exchange e a r n e r  f o r  S r i  Lanka. 

H o r t i c u l t u r a l  r e s e a r c h  must be  s t a r t e d  immediate ly .  The i n v e s t i g a t x o n s  
most needed a r e  ones  t h a t  would: 

1. S e l e c t  s t o c k  hav ing  d e s i r a b l e  a g r i c u l t u r a l  ~ h a r a c t e r ~ s t i c s  
(sucn a s  d i s e a s e  r e s i s t a n c e  and h i g h y i e l d )  and w i t h  d e s i r a b l e  
~ r o c e s s i n g  c h a r a c t e r i s t i c s  (such a s  p e e l  t h i c k n e s s ,  j u i c e  y i e l d ,  
a c i d i t y ,  t o t a l  s o l i d s ,  c a r o t e n o i d s  i n  t h e  j u i c e ,  e t c  ) ;  

2 Improve d i s e a s e  and p e s t  c o n t r o l ;  
3 Improve a g r i c u l t u r a l  p r a c t i c e s  ( s p a c i n g s ,  trellising, e t c , ) .  
The h i g h  a c i d i t y  of t h e  n a t u r a l  j u i c e  s i m p l i f i e s  the rmal  p r o c e s s i n g  b u t  

p a s s i o n  f r u i t  c o n t a i n s  f r e e  s t a r c h  t h a t  makes p r o c e s s i n g  d i f f i c u l t .  Con- 
cen ' ra t ing   he j u i c e  (by vacuum e v a p o r a t i o n  and by f r e e z e  d r y i n g )  u r g e n t l y  
r e o u i r e s  s:udy, 

The H ~ ~ t i c u l t u r a l  S e c t i o n  of t h e  Department of A g r i c u l t u r e  and t h e  
Department f o r  Development o f  Market ing need more t e c h n i c a l  p e r s o n n e l  t o  
h e l p  s o l v e  t h e  problems f a c i n g  t h e  p a s s i o n  f r u i t  i n d u s t r y .  I n  p a r t i c u l a r  
a  h o r t i c ~ l t u r i s t  and a p l a n t  p a t h o l o g i s t  shou ld  be  p u t  t o  work on p a s s l o n  
f r u i t  f u l l  t ime (perhaps  f 9 r  a s  many a s  f o u r  y e a r s ) .  To improve t h e  pro- 
c e s s i n g  of p a s s i o n  f r ~ i t  w i l l  r e q u i r e  an  a n a l y t i c a l  chemis t  and a  food 
techno log is^ working o n  a n a l y t i c a l  and p i l o t  p l a n t  p r o c e s s i n g .  Th is  must 
b e  done i n  c l o s e  c o l l a b o r a t i o n  w i t h  t h e  h o r t i c u l t u r e  work New a n a l y t i c a l  
i n s t r u m e n t s  and p i l o t  p l a n t  machinery may be  needed. Such equipment need 
n o t  b e  used e x c l u s i v e l y  f o r  p a s s l o n  f r u i t - - i t  cou ld  b e  u s e f u l  f o r  i n v e s t i -  
g a t i n g  o t h e r  economical ly  p romis ing  f r u i t s .  

Already wide ly  grown on t h e  i s l a n d ,  l i m e s  appear  t o  b e  a  most promising 
f r u i t  th;t can be  increasingly e x p l o i t e d  w i t h  r e l a t i v e l y  l i t t l e  c a p i t a l  
e x p e n d i t u r e .  A l i m e  i n d u s t r y  cou ld  e a r n  much f o r e i g n  exchange ( e s t i m a t e d  
a t  over R s .  1 ,090 ,000  a n n u a l l y )  w h i l e  b e n e f i t i n g  l o c a l  f r u i t  c u l t i v a t o r s  
and consumers by s t a b i l i z i n g  l i m e  ~ r i c e s ,  which a r e  c u r r e n t l y  f l u c t u a t i n g .  

It i s  es t in la ted  t h a t  a c  l e a s t  9 ,500 a c r e s  of l ime  t r e e s  now e x i s t  i n  
S r i  Lanka and t h a t  o v e r  20,000 t o n s  of l i m e s  a r e  marketed a n n u a l l y .  B u t  
t h e  low p r l c e  r e a l i z e d  f o r  t h e  f r u i t  ( p a r t i c u l a r l y  d u r i n g  t h e  h a r v e s t  
season)  means t h a t  l a r g e  q u a n t i t i e s  of l i m e s  remain unharves te? .  

N e v e r t h e l e s s ,  h i s  l a r g e  a c r e a g e  and s i z a b l e  home market  i s  a  good 
start  toward d e v e l ~ p i n g  a n  e x p q r t  i n d u s t r y .  To produce l i m e s  f o r  e x p o r t  
may n o t  i n i t i a l l y  r e q u i r e  new p l a n t a t i o n s .  The f r u i t  can  p robab ly  be  ob- 
r a i n e d  by i n c r e a s i n g  p r o d u c t i o n  from e x i s t i n g  o r c h a r d s  th rough  b e t t e r  
a g r i c u l t u r a l  p r a c t i c e s .  

Research i n v e s t i g a t i o n s  conducted i n  S r i  Lanka i n d i c a t e  t h a t  l i m e s  a r e  
f r e e  of t h e  d i s e a s e s  t h a t  a f f e c t  o t h e r  c i t r u s  f r u i t ;  t h e y  s t o r e  w e l l  and 
could  b e  e x p o r t e d  as f r e s h  f r u i t  t o  o v e r s e a s  marke t s .  To c a p i t a l i z e  on 
t h i s  p o t e n t i a l ,  r e s e a r c h  i n t o  h o r t i c u l t u r e ,  p r o c e s s i n g  and markeeing i s  
needed. 

H o r t i c u l t u r a l  work must b e g i n  w i t h  a  su rvey  of l i m e  c u l t i v a t i o n  i n  
S r i  Lanka t o  a s c e r t a i n  t h e  e x t e n t  and l o c a t i o n  of growing a r e a s ,  an6 t h e  



v a r i e t a l  c h a r a c t e r i s t i c s  of t h e  f r u i t  ( p e r  a c r e  y i e l d  of f r u i t  and j u i c e ,  
j u i c e  q u a l i t y ,  a s  w e l l  a s  t h e  yie!d and q u a l i t y  of l i m e  o i l )  1'he i n t r o -  
d u c t i o n  and s e l e c t i o n  of s u p e r i o r  v a r i e t i e s  of l i m e s  and t h e  e s t a b l i s h m e n t  
of n u r s e r i e s  and e x t e n s i o n  s e r v i c e  can fo l low.  

The many u s e s  o f  t h e  f r e s h  f r u i t ,  j u i c e  and p e e l  a r e  s c h e m a t i c a l l y  "1- 
l u s t r a t e d  i n  F i g u r e  1. I n v e s t i g a t i o n s  a r e  needed t o  ar la lyse  t h e  j u i c e  and 
t h e  l i m e  o i l .  P i s o ;  p l a n t  s t u d i e s  concerned w i t h  processing of t h e  J u i c e  
(by methods such  a s  t h e r m a l  s t e r i l i z a t i o n ,  f r e e z e  c o n c e n t r a t i o n ,  d e h y d r a t i o n ,  
d i s t i l l a t i o n ,  e t c . )  can be  done a f t t r  t h e s e  i n v e s t i g a t i o n s .  Based on t h e  
p i l o t  r e s u l t s ,  f a c t o r i e s  cou ld  be e s t a b l i s h e d  t o  produce t h e  l ime p r o d u c t s  
war ran ted .  P o s t - h a r v e s t  behav iour  of f r u i t ,  i n c l u d i n g  c o l d  s t o r a g e  and con- 
t r o l l e d  a tmosphere  s t o r a g e ,  shou ld  b e  s t u d i e d .  F i n a l l y ,  i f  j u s t i f i e d ,  a c t u a l  
t r i a l  shipments  shou ld  b e  made t o  p r o s p e c t i v e  marke t s .  

Market ing invest : -gat ions  i n  Europe,  North America Japan and o t h e r  
counrrLes  shou ld  b e  i n l t l a t e d  e a r l y .  S t a t i s t i c s  of t h e  t r a d e  i n  l ime j u i c e  
p r o d u c t s  ( s t r a i g h t  j u i c e ,  c o n c e n t r a t e ,  f r o z e v  j u i c e  and powde,; ana l ime  
o i l  p r o d u c t s ,  i n c l u d i n g  p r i c e s  ~ n  t h e  w h o l e s a l e  and r e t a i l  t r a d e ,  should  be 
g a t h e r e d .  Other  d a t a  w i l l  a l s o  be  needed. Tk is  w i l l  i n c l u d e  i n f o r m a t i o n  
about packaging o f  t h e  p r o d u c t s  In r e l a t i o n  t o  t h e  p r o s p e c t i v e  markets  and 
on z e g u l a t i o n s  concern ing  t h e  import  and e x p o r t  o f  t h e  commodities. 

MANIOC ;CASSAVA) 

Manioc i s  an  inercperlsive s o u r c e  05 food and i n d u s t r i a l  s t a r c h .  It i s  
a l r e a d y  grown on a wide s c a l e  (about  150,000 a c r e s )  i n  S r i  Lanka. Manioc 
y i e l d s  v a r y  w i d e l y  b u t  have been meas t red  up t o  5 t o n s  p e r  a c r e  i n  S r i  Lanka; 
e x p e r i m e n t a l  p l o t s  have y i e l d e d  up t o  1 0  t o n s  p e r  a c r e .  However gixre,~ 
p roper  c a r e ,  good c u l t i v a r s  have y i e l d e d  40-50 t o n s  p e r  a c r e  i n  o t h e r  coun- 
t r i e s .  More r e s e a r c h  on c u l t i v a r s  and f e r t i l i z e r s  i s  needed t o  b r i n g  S r i  
Lanka 's  average  y i e l d s  up t o  t h o s e  i n  o t F e r  p a r ~ s  of t h e  wor1.d. 

I f  y i e l d s  can b e  i n c r e a s e d ,  s u r p l u s e s  can p r o b a b l y  be  e x p o r t e d .  Manioc 
s t a r c h  i s  a  major  c a t t l e  f e e d  i n  Germany and o t h e r  European c o u n t r i e s ,  and 
Tha i land  a l r e a d y  c a p i t a l i z e s  e x t e n s i v e l y  a__ t h i s  demand. The Tha i  e x p e r i -  
ence cou ld  p r o v i  de  a n  i m p o r t a n t  model f o r  S r i  L a n ~ a .  

Manioc c o n t a i n s  a  cyanogenlc  g l y c o s i d e ,  which i s  t c x i c  because i t  Is a  
s o u r c e  o f  cyan ide .  Although t h e  t r a d i t i o n a l  coohing method ( b o i l i n g  t h e  
f r e s h  t u b e r s )  d e t o x i f i e s  manioc,  t h i s  method chnnot b e  r e l i e d  on i f  t h e  pro- 
d u c t  i s  t o  b e  consumed more e x t e n s i v e l y ,  e s p e c i a l l y  i f  consumption of manioc 
i s  h i g h  w h i l e  p r o t e i n  i n t a k e  i s  low. 

It f o l l o w s ,  t h e n ,  t h a t  manioc shou ld  b e  p r o c e s s e u  t o  remove t h e  cyano- 
g e n i c  g l y c o s i d e .  F o r t u n a t e l y ,  t h e  CISIli h a s  developed an  i n e x ~ e n s i v e  method * 
f o r  s u c h  e x t r a c t i o n .  A s m a l l  d r y i n g  u n i t  ( 2  000 l b s  of f r e s h  manioc p e r  
day) h a s  been des igned  t o  b e  l o c a t e d  i n  t h e  g  owlng a r e a .  It u s e s  t h e  sun 
i n s t e a d  of a n  oven f o r  most of t h e  d r y i n g ,  'Chis d e t o x i f i e d  manioc f l o u r  
rdn  h e  i n c o r p o r a t e d  i n i o  b r e a d  ( a t  l e a s t  up 50 1 0  p e r c e n t  s f  t h e  wheat f l o u r ) ,  
w h i c h  cou ld  h e l p  t h e  i s l a n d  reduce  i c s  ~ ~ r l i e a t  impor t s .  Th is  p r o c e s s  shol l ld  

* A P r o c e s s  f o r  Improved Manfoc A Chip and F;c..~r - - - a v a i l a b l e  from t h e  L i b r a r y ,  
CISIR, P r i c e  R s .  1/= 
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b e  adopted and wide ly  implemented by t h e  Department of Small  I n d u s t r i e s ,  t h e  
I n d u s t r i a l  Development Board,  and i n d i v i d u a l  D i s t r i c t  Developmelit Counci3.s. 

F r e s h  manioc t u b e r s  can be  s t o r e d  f o r  a few days ,  b u t  a f t e r  t h a t  t h e y  
cannot  b e  used f o r  human consumption.  Th is  c a u s e s  g r e a t  problerns f o r  manioc 
growers .  However, t h e  d r i e d  c h i p  and f l o u r  from t h e  CISIH p r o c e s s  can be 
s t o r e d  f o r  weeks and f o r  even  l o n g e r  i f  p r o t e c t e d  a g a i n s t  i n s e c t s .  

-- 
Some Uses of Manioc P r o d u c t s  Are 

TY-Pe P o t e n t i a l  demand 
- i n  S r i  Lanka 

I n d u s t r i a l  g r a d e  
( F l o u r  o r  Chip) :  Cot ton  warp s i z i n g  1 , 0 0 0  t o n s  

Plywood g l u e  f i l l e r  300 t o n s  
Commercial g l u c o s e  
Low-quality a d h e s i v e s  

P u r i f i e d  f l o u r  o r  S t a r c h :  
T e x t i l e  finishing 
D e x t r i n s  and a d h e s i v e s  

S t a r c h :  
Modifled s t a r c h e s  
D e x t r i n s  and a d h e s i v e s  

E d i b l e  g rade  ( f l o u r ) :  
Bread 10 ,000  t o n s  r i s i n g  

t o  45,000 t o n s  

F i f t y  y e a r s  ago ,  soya  bean was an  Asian c rop  much used i n  Chfna, Japan 
and t h e  F a r  East b u t  l i t t l e  known e l sewhere .  S ince  t h e n ,  r e s e a r c h  h a s  made 
i l  a p r i n c i p a l  c rop  p l a n t  of t h e  world .  Dambala (Psophocarpus tetragono&l.bz) 
seems t o  have characteristics t h a t  cou ld  t u r n  i n t o  S r i  LankaPs  own "soya 
bean. " 

It h a s  r e c e n t l y  been d i s c o v e r e d  t h a t  t h e  compos i t ion  of Dambala s e e d s  
i s  i d e n t i c a l  t o  t h a t  of soya  beans .  They have 1 7  - 20 p e r c e n t  o i l ;  soya 
beans have 20 p e r c e n t .  Dambala s e e d s  have 34 - 37 o e r c e n t  p r o t e i n ,  t h e  
same as soya  beans ;  DambaPa seed  p r o t e i n  c o n t a i n s  t h e  same amino a c i d s  a s  
soya bean p r o t e i n .  

Normally, o n l y  t h e  s e e d s  of soya  beans  a r e  e a t e n  o r  u t i l i z e d ,  b u t  ,he 
t e n d e r  pods of Dambala are d e l i c i o u s  and a r e  wide ly  consumed i r L  S r i  Lanka, 
The l e a v e s  and s h o o t s  make a n u t r i t i o u s  g r e e n  v e g e t a b l e .  The s tems  make a 
v e r y  good animal  f e e d  Even t h e  f l o w e r s  can b e  e a t e n  I n  Burma, they  a r e  



used I n  s a l a d s ;  i n  Papua New Guinea they  a r e  f r i e d  and a r e  r e p o r t e d  t o  t a s t e  
l i k z  mushrooms. A most impor tan t  d i f f e r e n c e  between Dainbala and soya bean i s  
t h a t  some Cambala v a r i e t i e s  produce a  f l e s h y  t u b e r  s i m i l a r  t o  a  p o t a t o .  It 
t a s t e s  l i k e  p o t a t o  b u t  c o n t a i n s  20 p e r c e n t  p r o t e i n ,  which i s  20 t i m e s  t h e  
p r o t e i n  c o n t e n t  o f  manioc and t e n  t i m e s  t h e  p r o t e i n  o f  p o t a t o e s ,  yams and 
o t h e r  e d i b l e  r o o t  c r o p s .  

Soya beans  c o n t a i n  a n t i - n u t r i t i o n  f a c t o r s  and t h e r e f o r e  must be  heated 
o r  fermented b e f o r e  t h e y  a r e  s a f e  t o  e a t .  Dambala s e e d s  a l s o  must b e  thor .  
oughly cooked a e f o r e  e a t i n g .  But a l l  i n  a l l ,  Dambala i s  more v e r s a t i l e  t h a n  
soya beans.  

A few v a r i e t i e s  of Dambala t e s t e d  g i v e  a  low y i e l d  of t u b e r s  (1-2 t o n s  
p e r  a c r e ) ,  b u t  t h e  y i e l d  of seed  have been measured a t  2,000 pounds p e r  a c r e ,  
abou t  t h e  s a m e  a s  t h e  normal y i e l d  of soya  beans  i n  t h e  t r o p i c s c  But Dambala 
must b e  cxnpa--ed t o  soya  bean of 50 y e a r s  ago.  No r e s e a r c h  h a s  y n t  been 
conducted,  but  t h e  f u t u r e  p romises  g r e a t l y  i n c r e a s e d  y i e l d s .  

S r i  Lanka i s  t h e  westernmost  l i m i t  of t h e  n a t u r a l  range f o r  DambaLa, 
New Guinea i s  i t s  e a s t e r n m o s t  l i m i t .  I n  between, i t  grows i n  I n d o n e s i a ,  
Malays ia ,  T h a i l a n d ,  Burma, and t h e  P h i l i p p i n e s -  Papua New Guinea h a s  some 
v a r i e t i e s  t h a t  y i e l d  two f o o t  l o n g  pods.  The tuber-producing v a r i e t i e s  a r e  
found a l s o  i n  Burma. 

Dambala i s  a legume t h a t  f i x e s  n i t r o g e n  from t h e  a i r ;  i t  r e q u i r e s  l i t t l e  
o r  no a d d i t i o n a l  f e r t i l i z e r .  Soya beans ,  a s  w e l l  a s  p e a s  and beans ,  f i x  
n i t r o g e n ,  b u t  Dambala seems t o  do i t  b e t t e r ,  because  i t  h a s  a  v e r y  e x t e n s i v e  
r o o t  sys tem w i t h  many more, and much l o n g e r  n o d u l e s ,  I n  ~ t s  n o d u l e s ,  Dambala 
a p p e a r s  t o  u s e  t h e  common b a c t e r i a  a s s o c i a t e d  w i t h  cowpeas, ones  t h a t  a r e  
p r e s e n t  i n  a lmos t  a l l  t r o p i c a l  s o i l s .  No m a t t e r  where i t  h a s  been grown, i t  
h a s  nor  needed b a c t e r i a l  i n n o c u l a t i b n  

Unl lke  soya  b e a n s ,  Dambala s e e d s  do no; . i p e n  simu;taneously. T h i s  means 
t h a t  t h e  c rop  cannot  b e  m e c h a n i c a l l y  h a r v e s t e d ,  and.  a l s o  u n l i k e  t h e  s o y a  
bean ,  Dambala does  n o t  l e n d  i t s e l f  t o  Large-scale  commercial p r o d u c t i o n .  
But a p l a n t  t h a t  produces  food o v e r  s e v e r a l  months i s  i d e a  f o r  a  s m a l l  l a n d  
h o l d e r ,  and f o r  homestead gardens .  

Another n o t a b l e  d i f f e r e n c e  i s  t h a t  soya  beans  a r e  f r e e - s t a n d i n g  p l a n t s  
t h a t  can b e  grown i n  l a r g e  f i e l d s ,  w h i l e  Dambala h a s  t o  be grown on s t a k e s ,  
t r e l l i s e s ,  o r  w i r e  f e n c e s .  Th i s  is  n o t  a  s e r i o u s  d i f f i c u l t y  f o r  t h e  small 
fa rmer ,  b u t  u n l e s s  f r e e - s t a n d i n g  v a r i e t i e s  are found,  t h i s  w i l l  a l s o  keep 
Dambala from becoming a  l a r g e - s c a l e  mechanized commercial c r o p ,  

The N a t i o n a l  Academy of S c i e n c e s  h a s  r e c e n t l y  completed a  comprehensive 
s t u d y  of Dambala and h a s  conciuded t h a t  ~t i s  one of t h e  most p romis ing  food 
p l a n t s  f o r  t h e  e n t i r e  t r o p i c s ,  Copies  of t h i s  ,eponr a r e  a v a i l a b l e  w i t h o u t  
c h a r g e  from t h e  N a t i o n a l  Sc ience  Counci l  of 3 r i  Lanka, 

For S r i  Lanka t o  "ke advan tage  ~f Dambzla, t h e  A g r i c u l t u r e  Departments 
a t  t h e  Universities, t h e  C e n t r a l  A g r i c u l t u r a l  Research I n s t i t u t e  and t h e  
Department of A g r i c u l t u r e  shou ld  c o l l e c t  t h e  s e e d s  of a l l  v a r i e t f e s  now 
grown i n  S r i  Eanka. 

The most p romis ing  v a r i e t i e s  should  be  p l a n t e d  i n  l a r g e  enough q u a n t i t y  
(pe rhaps  5 a c r e s )  t o  p r o v i d e  enough s e e d s  f o r  e x p e r i m e n t a t i o n  (by t h e  Medical  
Research  I n s t i t u t e  and o t h e r s  i n v o l v e d  i n  t h e  c o u n t r y ' s  n u t r i z i o n a i  problems) 
and f o r  d i s t r i b u t i o n  t o  f a r m e r s  th rough  normal  a g r i c u l t u r a l  e x t e n s i c 1  channels .  
The u n i v e r s i t y  shou ld  concac t  P r o f e s s o r  Tanveer Khan at t h e  U n i v e r s i t y  



of Papua New Guinea,  F o r t  Noresby, Papua New Guinea,  t o  o b t a i n  s e e d  of 
tuber-producing v a r ~ e t i e s ,  and o f  v a r i e t i e s  w i t h  o t h e r  i m p o r t a n t  char-  
a c . t e r i s t i c s ,  

A s y s t e m a t i c  i n t e r n a t ' o n a l  e f f o r t  t o  i n v e s t i g a t e  and develop Dambala 
is now beg inn ing .  Ceylonese s c i e n t i s t s  have a  chance L O  p l a y  a l e a d i n g  
r o l e  j n  tSts development,  

SWEET PGTATO 

Sweet p o t a t o  (Ipomoea b a t a t a s )  i s    LO WE e x t e n s i v e l y  i n  S r i  Lanka. During 
1974 - 7 3  i t  was b e i n g  c u l t i v a t e d  on an  e s ~ i m a ~ e d  71,000 a c r e s .  However t h e r e  
h a s  been l i t t l e  o r  no r e s e a r c h  t o  improve y i e l d s  and t h e  pe r -ac re  p r o d u c t i o n  
i n  S r i  Lanka is  v e r y  low. T h e r e f o r e ,  f a rmer  income i s  low and t h e r e  i s  less 
food f o r  t h e  peop le .  The l a b o u r  needed t o  grow t h i s  c r o p  is  low, and d i s e a s e s  
d r e  r a r e .  A c o n s i d e r a b l e  i n c r e a s e  i n  p r o d u c t i o n  cou ld  b e  ach ieved ,  and t h e  
sweet p o t a t o  c o u l d  t a k e  a g r e a t e r  r o l e  a s  human and an imal  food .  The l e a v e s  
c o i ~ l d  a l s o  b e  dehydra ted  i n t o  a h i g h - p r o t e i n  m e a l  f o r  animal  f e e d i n g .  The 
t u b e r s  can  a l s o  supp ly  s t a r c h  and g l u c o s e ,  b u t  t h e  tec lmology h ~ s  y e t  t o  b e  
worked o u t .  

l'he sweet  p o t a t o  h a s  a p l a c e  i n  t h e  c ropp ing  sys tems  of most a r e a s  of 
S r i  Lanka, It h a s  e s p e c i a l  p o t e n t i a l  i n  t h e  Coconut T r i a n g l e  and t h e  d ry  
Lone of S l i  Lanka. Sweet p o t a t o e s  i n t e r - c r o p  w e l l  w i t h  coconut ;  t h e i r  
d r o u g h t - r e s i s t a n c e  makes them an  i d e a l  r o o t  c rop  f o r  t h e  d ry  zone. 

To c a p i t a l i z e  on t h e  p o t e n t i a l  t h a t  sweet  p o t a t o e s  o f f e r  S r i  Lanka, an  
improvement programme must be implemented t o :  

1. S e l e c t  s u p e r i o r  v a r i e t i e s  w l t h  
- High y i e l d  
- High d r o u g h t  r e s i s t a n c e  
- Low swee tness  
- F a s t  m a t u r a t i o n  

2 .  P r o p a g a t e  t h e  b e s t  v a r i e t i e s  and make germ plasm a v a i l a b l e  t o  
fa rmers  a t  l aw c o s t .  

?%e v a r i e t i e s  ~ n u l d  b e  imported from abroad  o r  s e l e c t e d  f r v n i  l o ~ a i  
s t r a i n s .  Thess  t a s k s  shou ld  b e  hand led  by :he Department of A g r i c u l t u r e  
and by t h e  u n i v e r s i t y .  I n  a d d i t i o n ,  a g o v e r n m ~ n t  a g r i c u l t u r a l  e x t e n s i o n  
prograrnme i s  needed t o  induce  fa rmers  t c  a d o p t  c u l t i v a t i o n  practices Icnom 
t o  produce h i g h e r  y i e l d s .  

Icidaran (hmorpho,phallus campanu2atus) ,  a n i n o r  nat ive  r o o t  c r o p  i n  S r i  
t a n k a ,  nas  g o t e n t i a l  as a  s p e c i a l i t y  c rop  t o  p r o a ~ c e  Inannan f o r  e x p o r t .  
Mannan i s  used i n  food and p h a r m a c e u t i c a l  p r e p a r a t i o n s ;  Kidaran i s  t h e  o n l y  
known, non-woody s o u r c e .  The p l a n t  shou ld  b e  examined by Ceylonese  chemists 
and a g r i c u l t u r i s t s  t o  d e t e r m i n e  i t s  p o t e n t i a l .  

Japan  p r e s e n t l y  u s e s  Kidaran a s  a  food ("konnyaku") a s  w e l l  a s  i n  
m e d i c i : ~ a l  p r e p a r a t i o n s .  The J a p a n e s e  market r i g h t  t h e r e f o r e  p rove  a t t r a c t i v e  
f o r  Ktdaran p r o d ~ c t s ,  



A c o l l e c t i o n  of v a r i e t i e s  and a  survey of t h e  a r e a s  where i t  i s  now 
g-own i s  f i r s t  needed t o  determine e s s e n t i a l  in format ion  about t h e  crop !n 
S r i  Lanka. Chemists should ana lyze  and sc reen  a l l  v a r i e t i e s  f o r  mannan. 
The l o c a l  products  may then be compared wi th  those  now s o l d  i n  Japan. While 
t h e  chemical s tudces  a r e  p rog res s ing ,  p re l imina ry  agronomic t r i a l s  might be 
conducted, usi,ig t h e  informat ion  gained from f i e l d  surveys and from farmers 
a s  t h e  b a s i s  f o r  an e s t ima te  of t he  c u l t u r a l  and management p r a c t i c e s  needed, 

Because food i s  i n  extremely s h o r t  supply i n  S r i  Lanka, t h e r e  i s  a  need 
t o  examine more c l o s e l y  those  p l a n t s  a l r eady  used b u t  t h a t  have p o t e n t i s 1  
f o r  improvement and inc reased  c u l t i v a t i o n ,  

One such p l a n t  i s  Kandala (Colocasia  e s c u l e n t a ) .  Kandala pcoducts have 
many markets ,  sir'ce t h e  corms can be b o i l e d ,  baked, f r i e d  o r  used i n  c u r r i e s  
and o t h e r  foods ,  I n  a d d i t i o n ,  f l o u r ,  ch ips  and o t h e r  processed foods can 
be made from them. Improved and inc reased  product ion  of Kandala coula have 
s ignZf icant  b e n e f i t s  t o  t h e  coun t ry ' s  food supply and land  use because :he 
crop c&n be grow- i n  many types  of s o i l  and cond i t i ons  u n f i t  f o r  most o the r  
c rops  It i s  usua l ly  hardy and seldom damaged by s torms o r  o the r  disasters‘ 
It can grow under f;ooded o r  a q u a t i c  c o n d i t i o n s ,  much l i k e  r l c e .  Some var- 
i e t i e s  can wi ths tand  high s a l i n i t y  i n  s o i l  01. water .  It adap t s  w e l l  t o  
d i f f i c u l t  w a t e r  o r  land  cond i t i ons  and i t  f i t s  w e l l  i n t o  inter-cropping 
systems. I n  S r i  Lanka some v a r i e t i e s  a r e  f a s t  maturing and can provide 
food throughout t h e  yea:. Yie lds  can be very  h igh  ( i n  Hawaii. y i e l d s  of 
flooded Kandala average 10 tons  per  a c r e  per  y e a r ) .  

The p l a n t  can have s i g n i f i c a n t  n u t r i t i o n a l  impact f o r  c h i l d r e n ,  became 
i t  con ta ins  much calcium and phosphorus, both of which a r e  necessary  f o r  
t o o t h  development. I n  a d d i t i o n  Kandala s t a r c h  i s  e a s i l y  d iges t ed  and i t  has 
non-a l le rgenic  p r o t e ~ n s  t h a t  make i t s  products  s u i t a b l e  a s  s p e c i a l  foods f o r  
i n f a n t s  s u f f e r i n g  from p r o t e i n  a l l e r g i e s .  I n  non-acrid v a r i e t i e s ,  yoang 
l eaves  can be e a t e n  a s  spinach o r  i n  soups: they  a r e  a  good source of vitamins 
and minera ls ,  e s p e c i a l l y  i r o n .  

C u l t i v a t i c n  of Kandala r e q u i r e s  ex t ens ive  labour  a t  p l a n t i n g  and hay- 
v e s t i n g  time and some during weeding, b u t  t h e  crop needs l i t t l e  d a i l y  care .  
Kandala v a r i e t i e s  t h a t  can be grown under f looding ,  but  t h a t  can a l s o  w i t h -  
s tand  s a l i n i t y ,  a r e  a  very good crop f o r  growing i n  r i c e  paddies .  

To t a k e  advantage of Kandala t h e  government should appoin t  an agronomist, 
a b o t a n i s t ,  an  a g r i c u l t u r a l  economist,  and a  person  knowledgeable a5out 
v i l l a g e  and r u r a l  environment t o  c o l l e c t  Kandala v a r i e t i e s  and analyse 
Kandala c u l t i v a t i o n  techniques i n  S l i  Lanka, This  survey mfght r equ i r e  one 
o r  two months, Local a g r i c u l t u r a l  agen t s ,  fa rmers ,  and gardeners  should be 
interviewed.  :are should be taken t o  record  l o c a l  names crop dura t ion ,  
v i r t u e s  t h e  farmers  o r  growers recogL1ize, s p e c i a l  c u l t u r a l  requirements,  
wacer requiremencs, food uses  ( inc luding  uses  of corms, corme's p e t i o l e s  
and l e a v e s ) ,  food p r e p a r a t i o n ,  and r e c i p e s .  The survey should be adequately 
supported t o  ensure  complete coverage of t h e  count ry .  

The government should a l s o  des igna te  an e x i s t i n g  r e sea rch  s t a t i o n  t o  be 
resgons ib le  f o r  propagat ing  and eva lua t ing  t h e  v a r i e t i e s  co l l ec t ed .  



S u p s r i o r  v a r i e t i e s  from t h i s  c o l l e c t i o n  shou ld  be  grown und-r b o t h  
f looded  and r a i n - f e d  c o n d i t i o n s  i n  o r d e r  t o  dezermine t o l e r a n c e  -0 E;ooding, 
If s a l i n e  s o i l s  o r  paddy areas a r e  a v a ~ l a b l e ,  a  few v a ~ i e t i e s  p u r p o r t e d  t o  be 
s a l i n e - t o l e r a n t  shou ld  b e  grown t o  e v a l u a t e  t h i s  f e a t u r e .  Corms shou ld  b e  
ana lyzed  f o r  m i n e r a l  and p r o t e i n  c o n t e n t ,  B o t a n i s t s  shou ld  check f o r  t h e  
p resence  o r  absence  of c a l c i u m  o x a l a t e  r e p h i d e s  t h a t  cause  a c r i d n e s s ,  
S u p e r i o r  o r  well-adap'ed v a r i e t i e s  shou ld  be r e l e a s e d  t o  t h e  university> 
t h e  C e n t r a l  A g r i c u l t u r a l  Research I n s t i t u t e  and o t h e r  r e s e a r c h  and develop- 
ment groups  f o r  i n t e r - c r o p p i n g  o r  agronomic exper iments .  S u p e r i o r  v a r i e t i e s  
should  b e  r e l e a s e d  t o  innova tkve  f a r m e r s  f o r  t r i a l  c u l t i v a t i o n  on t h e i r  farms. 

It may be  d e s i r a b l e  t o  i n t r o d u c e  s u p e r i o r  v a r i e t i e s  from o v e r s e a s ,  b u t  
t h i s  shou ld  b e  done c a r e f u l l y  t o  avo id  i n t r o d u c i n g  d i s e a s e s .  

Researchers  a t  t h e  u n i v e r s i t y  and t h e  C e n t r a l  A g r i c u l t u r a l  Research 
I n s t i t u t e ,  t h e  Cocondt Research I n s t i t u t e ,  and  c t h e r s ,  shou ld  d e s i g n  a 
p l a n  f o r  e v a l u a t i n g  and s t u d y i n g  t h e  v a r i e t a l  c o l l e c t i o n .  

L i t t l e  f o r e i g n  t e c k i c a l  a s s i s t a n c e  shou ld  be  r e q u i r e d ,  e x c e p t  i n  
toll-ecting t h e  l i t e r a t u r e  3n Kandala and r e l a t e d  r o o t  c r o p s ,  No s p e e i a l i s e d  
equipment shou ld  be  n e c e s s a r y ,  and t h i s  Frogramme L-ould no t  be c o s t l y ,  



CHAPTER I V  

PLANT-DERIVED INDUSTRIAL PRODUCTS 

The fol lowing a r e  be l ieved  t o  have i n d u s t r i a l  e x p l o i t a t i o n  p o s s i b i l i t i e s :  
1. F l o r i c u l t u r e  ( f o r  f o r e i g n  exchange) 
2. Kenaf ( f i b r e )  
3. Watt le  ( t ann in )  
4.  Manioc ( I n d u s t r i a l  s t a r c h  and f l o u r ) "  
5. Gum Karaya ( S t e r c u l i a  spec i e s )  

FLORICULTURE 

Increas ing  a f f l u e n c e  i n  many c o u n t r i e s  has  given r i s e  t o  a new indus t ry :  
t h e  expor t a t ion  of f lowers  and o t h e r  h o r t i c u l t u r a l  p roducts  from t r o p i c a l  
a r eas .  This i ndus t ry  i s  a l r eady  h igh ly  developed i n  Colombia, Hawaii, 
Singapore, I s r a e l ,  Ivory Coast,  and Kenya. 

With i t s  equable t r o p i c a l  c l ima te  and geographic s i t u a t i o n ,  S r i  Lanka 
has ex tens ive  p o s s i b i l i t i e s  f o r  tapping the  European, and poss ib ly  a l s o  
even t h e  Japanese, f r e s h  f lower market. Some f lowers  have a l r eady  been 
exported t o  Germany and t h e  success  of t h i s  smal l  beginning i n d i c a t e s  t h a t  
an  increased  programme could be  f e a s i b l e  and p r o f i t a b l e  f o r  S r i  Lanka. 
The country a l s o  has a s i z a b l e  group of t r a i n e d  p r o f e s s i o n a l s  i n  f l o r i c u l - .  
t u r e ,  a s  w e l l  a s  s e v e r a l  b o t a n i c a l  gardens and commercial es tab l i shments  
dedica ted  t o  h o r t i c u l t u r e .  Furthermore, S r i  Lanka has t h e  advantage of 
ample a i r l i n e  s e r v i c e ,  e s p e c i a l l y  t o  Europe, i nc lud ing  i t s  own l i n e ,  It 
is  p o s s i b l e  t h a t  p r e f e r e n t i a l  r a t e s  might be given f o r  flower expor t .  

The Orchidaceae, Araceae, Musaceae, Bromeliaceae and Zingiberaceae 
p l a n t  f a m i l i e s  a r e  t h e  ones most l i k e l y  t o  y i e l d  marketable f lowers .  The 
Minis t ry  of Agr i cu l tu re ,  t h e  School of Agr i cu l tu re ,  t h e  Royal Botanica l  
Gardens a t  Peradeniya,  and commercial f i rms  such a s  F l o r a l i a  and t h e  Exotic  
and Orchids Cooperative Socie ty  should be contac ted  t o  a s s i s t  i n  developing 
t h i s  new expor t  i n d u s t r y .  

P l an t  t i s s u e s  can be grown i n  s t e r i l e  c u l t u r e  t o  produce complete 
p l a n t s ,  and t h i s  technique i s  now u t i l i s e d  i n  commercial f l o r i c u l t u r e .  It 
i s  e s p e c i a l l y  u s e f u l  f o r  r a p i d l y  propagat ing new v a r i e t i e s .  This  t i s s u e  

* This  s e c t i o n  i s  t r e a t e d  under manioc i n  Chapter 111. 



c u l t u r e  i n v o l v e s  t a k i n g  bud- o r  o t h e r  a c t i v e l y  growing t i s s u e s  and growing 
them on n u t r i e n t  a g a r  t o  produce c a l l u s  t i s s u e ,  t h e n ,  from c a l l u s ,  a  l a r g e  
number ( p o t e n t i a l l y  thousands)  of p l a n t l e t s .  Orchids  l e n d  themselves  t o  
t h i s  t echn ique  and S r i  Lanka h a s  l o n g  been world renowned f o r  i t s  o r c h i d s .  
The commercial p r o d u c t i o n  of o r c h i d s  and o t h e r  p l a n t s  by t h i s  t echn ique  
i n  Hawaii shou ld  be  i n v e s t i g a t e d  a s  a n  example of what cou ld  be ach ieved  
by t h e  Ceylonese.  

KENAF 

The i n c r e a s i n g  demand f o r  paper  everywhere ,  t h e  worldwide s h o r t a g e  of 
p u l p ,  ana  t h e  r e s u l t i n g  i n c r e a s e  i n  c o s t  of p u l p  and pdper  p r o d u c t i o n  have 
shown t h a t  t r a d i t i o n a l  s o u r c e s  of p u l p  and paper  cannot  b e  r e l i e d  on f o r  
f u t u r e  needs ,  T h e r e f o r e ,  g r e a t  a t t e n t i o n  h a s  been focused  on f i n d i n g  non- 
c o n v e n t i o n a l  s o u r c e s  of f i b r o u s  raw m a t e r i a l s  f o r  t h e  p a p e r  i n d u s t r y .  

Rice  straw i s  t h e  raw m a t e r i a l  c u r r e n t l y  a v a i l a b l e  i n  S r i  Lanka i n  
s u f f i c i e n t  q u a n r i t y  t o  meet t h e  paper  i n d u s t r y ' s  r e q u i r e m e n t s .  A m i l l  
opera ted  by E a s t e r n  Paper  M i l l s  C o r p o r a t i o n  a t  V a l a i c h c h e n a i ,  and a  proposed 
m i l l  under c o n s t r u c t i o n  a t  E m b i l i p i t i y a ,  u t i l i z e  r i c e  s t r a w  as t h e  c h i e f  
raw m a t e r i a l .  Because of i t s  f i b r e  c h a r a c t e r i s t i c s ,  r i c e  s t r a w  r e q u i r e s  
a t  l e a s t  30 - 35 p e r c e n t  l o n g - f i b r e  p u l p  t o  p r o v r d e  p u l p  w i t h  t h e  n e c e s s a r y  
s t r e n g t h  t o  r u n  i t  on t h e  p a p e r  machine. The l o n g - f i b r e  p u l p  used i n  S r i  
Lanka i s  imported w ~ o d  p u l p ,  To conserve  f o r e i g n  exchange,  s t e p s  have been 
t a k e n  t o  grow c o n i f e r s ,  Euca lyp tus ,  and bamboo t o  r e p l a c e  imported wood 
pulp .  On t h e  b a s i s  of m i l l  t r i a l s  i t  h a s  been found t h a t  kenaf pu lp  could  
p a r t l y  r e p l a c e  impor ted  wood p u l p  To make t h e  paper  i n d u s t r y  s e l f - r e l i a n t  
on home-grown raw m a t e r i a l s ,  kenaf i s  b e i n g  c o n s i d e r e d  a s  a  p o s s i b l e  long- 
f i b r e  substitute ~ n t i l  wooay mate:iais become available t o  t h e  i n d u s t r y  
i n  sufficient q u a n t i t y ,  

Apart  from i t s  u s e s  a s  p u l p  f o r  t h e  p a p e r  i n d u s t r y ,  kenaf i s  one of t h e  
l e a d i n g  s u b s t i t u t e s  f o r  j u t e  f i b r e ,  and cou ld  be  used i n  i n d u s t r i e s  manu- 
f a c t u r i n g  r o p e s ,  n e t s ,  s a c k s ,  Hess ian  c l o t h ,  c a r p e t s ,  and o t h e r  goods. It 
should be  remembered t h a t  S r i  Lanka a n n u a l l y  i m p o r t s  o v e r  Rs. 1 0  m i l l i o n  
i n  gunny s a c k s .  Kenaf a l s o  produces  a  v e r y  n u t r i t i o u s  f o r a g e  and e d i b l e  
f r u i t .  

Kenaf has  a  wjde range  of a d a p t a b i l i t y  20 s o i l  and c l i m a t i c  c o n d i t i o n s .  
The c rop  grows s u c c e s s f u l l y  on wel l -d ra ined ,  reddish-brown e a r t h s  found 
i n  most p a r t s  of t h e  u n i r r i g a b l e  h i g h l a n d s  of t h e  d r y  zone of S r i  Lanka. 
About 20 t o  25 i n c h e s  o f  r a i n f a l l  w i l l  be  r e q u i r e d  t o  r a i s e  a  s u c c e s s f u l  
crop of k e n a f ;  hence i t  can b e  grown i n  S r i  Lanka ' s  d r y  zone d u r i n g  t h e  
Maha Leason a s  a  r a i n - f e d  c r o p .  

Of t h e  s e v e r a l  l o c a l  and i n t r o d u c e d  v a r i e t i e s  t e s t e d  3t t h e  Agr icu l -  
t u r a l  Research S t a t i o n ,  Maha- I l l ippa l l ama ,  t h e  l o c a l  v a r i e t i e s  were  ob- 
s e r v e d  t o  b e  e q u a l  t o  i n t r o d u c e d  v a r i e t i e s  i n  t e rms  s f  f r b r e  q u a l i t y .  
Among promis ing  v a r i e t i e s ,  Talagama p i n k  ( l o c a l )  and Cuba 2032 ( i n t r o d u c e d )  
s t r a i n s  have beea recommended f o r  c u l t i v a t i o n ,  The y i e l d  of f i b r e  i s  i n  
t h e  range  of 1 ,200  i o  1 , 5 0 0  l b s .  p e r  a c r e ,  w h i l e  y i e l d  of d r y  s t a l k s  f o r  
p u l p  (oven-dried) ranges  from 15,000 t o  20,000 l b s .  p e r  a c r e .  



Extensive literature and experience in the growing and processing of 
kenaf are available from the U.S. Department of Agriculture and from the 
Applied Scientific gesearch Corporation of Thailand, a Thai government re- 
search ins ti tution, 

The Government o t  3ri Lanka should carefully evaluate the results ob- 
tained in other cou~~tries ~ i t h  a view to increasing their level of kenaf 
cultivation, 

WATTLE 

Wattle bark extracts are used in tanning hides. They are now lmported 
from South Africa. The same tree (Acacia mollissima) from which the South 
Africans get their tannin already grows well in Sri Lanka. However, the 
existing wattle plantations in Sri Lanka are too small to support an ex- 
znaction mill The government should consider enlarging the plantations, 
extracting the tanning agents locally, and abolishing wattle bark imports. 

Wattle trees are available in the up-country plantations of the Forest 
Department. They were criginally planted for shade, as windbelts, or as a 
source of firewood. The species is no longer planted, but that it can grow 
successfully is already proven Once established they maintain themsel~es, 
but cannot tolerate shad? conditions. Many plantations are mixed ~ucalyptus/ 
wattle, and under these conditions growth of wattle is considerably reduced. 

The bark of local wattle has been found to be comparable with imported 
wattle. Yield of dry bark per acre would be about 0.5 ton/acre/year, The 
last estimate on the extent of wattle plantation available (1964) indicated 
1,700 acres of mixed Eucalyptus/wattle. It is now probably less. About 
three years ago, an Indian firm estimated thac 5,000 tons of wattle bark 
for commercial exploitation could be collected in Sri Lanka. In 1969, 
35,208 cwt of wattle bark and wattle extraet valued at Rs. 966,288 were 
imported. That amount could be substituted entirely by wattle grown locally. 
Eventually, wattle extract might even be exported; India, for example, 
imports tanning materials. Another possible local industry based on wattle 
would be the manufacture of tannin/formaldehyde adhesives. 

To make a watt;e 2,tract programme economical, about 2,000 acres should 
Le available annually. SilL-e wattle can be harvested fbr seven years, the 
total acreagc should ae 14,000 acres. The wood left after peeling the bzrk 
is an acceptable fuel. Since the demand for wood fuel has increased since 
the recent fuel crisis, this side benefit is significant. 

A pilot-scale wattle extraction plant is planned by the Ceylon Leather 
Products Cor~oration. This plant can now make use of existing wattle bark. 
For +he future, however, it is recommended that 14,000 acres of wattle 
plantings be established at a rate of 2,000 acres per year, to make raw 
material available for a commercial-scale plant on a continuing basis. 
The quantity produced would erceed the needs of the Sri Lanka leather in- 
dustry, but there seems little doubt that the entire surplus can be exported. 

The current need of  he leather industry amounts to 500 tons of wattle 
extract per year, which is imported at a cost of Rs. 2,6001- per ton, A 
prcgosed 14,000-acre plantation will produce 1,500 tons of wattle extract 



p e r  y e a r ,  t h u s  making 1 ,000  t o n s  p e r  y e a r  a v a i l a b l e  f o r  e x p o r t ,  which would 
e a r n  Rs. 2 ,000,000 p e r  y e a r .  

GUM KARAYA 

The United S t a t e s  i m p o r t s  l a r g e  q u a n t i t i e s  of gum karaya  from I n d i a .  
The demand i s  so  g r e a t  t h a t  I n d i a  i s  now growing p l a n t a t i o n s  of S t e r c u l i a  
u r e n s ,  from which t h e  gum i s  o b t a i n e d  by t app ing- - l ike  t a p p i n g  rubber  from 
Hevea t r e e s .  Used i n  i c e  cream and foods  t h i s  gum Is i n  growing demand. 
S t e r c u l i a  t r e e s  a l r e a d y  e s t a b l i s h e d  i n  S r i  Lanka should b e  t e s t e d  f o r  t h e i r  
gum q u a l i t y  and y i e l d .  The r e s u l t s  may i n d i c a t e  t h e  f e a s i b i l i t y  of l a r g e -  
s c a l e  p l a n t a t i o n s .  

The S t e r c u l i a  gum t r e e  h a s  l o n g  been e x p l o i t e d  i n  i t s  n a t i v e  I n d i a .  
However, i n  t h e  p a s t  40 y e a r s  t h e  wor ld  demand f o r  gum karaya  i n c r e a s e d  
t o  such  g r o p o r t i o n s  t h a t  i t  h a s  l e d  t o  e x c e s s i v e  and u n c o n t r o l l e d  e x p l o i t a t i o n ,  
which h a s  decimated t h e  w i l d  I n d i a n  s t a n d s .  Consequent ly ,  t h e  I n d i a n  Govern- 
ment l n i t i a t e d  t e c h n i c a l  p l a n t i n g  of S t e r c u l i a  u r e n s .  A t  t h e  p r e s e n t  t i m e ,  
t a p p i n g  i s  s t r i c t l y  c o n t r o l l e d .  

The major u s e  of gum k a r a y a  i s  i n  t h e  i c e  cream and c o n f e c t i o n e r y  i n -  
d u s t r i e s  i n  many c o u n t r i e s .  S i n c e  i t s  p r o p e r t i e s  resemble  t h o s e  of t r aga-  
c a n t h ,  i t  i s  sometimes c a l l e d  " Ind ian  t r a g a c a n t h . "  Commercial g r a d e s  a r e  
based on  c o l o u r :  r e d ,  ye l low,  and b l a c k .  

S t e r c u l i a  u r e n s  i s  a  l a r g e  t r e e ,  from 60 t o  70  f e e t  t a l l ,  w i t h  a d i s -  
t i n c t i v e  whi te-grey b a r k ,  which grows b e s t  on d r y ,  rocky s o i l s  t h a t  cannot  
suppor: many o t h e r  c r o p s .  It grows w i l d  i n  l o c a l  a r e a s  i n  n o r t h e r n  S r i  Lanka. 
The tree produces  t h e  gum f r e e l y  a s  a  s o f t .  s o l i d  mass when i t s  b a r k  o r  
b ranches  are c u t  o r  i n j u r e d .  

L i t e r a t u r e  i s  a v a i l a b l e ,  e s p e c i a l l y  from I n d i a ,  on r e c e n t  agronomic 
r e s e a r c h  and on p r o p e r t i e s  of t h e  gum. A f i r s t  s t e p  shou ld  b e  t c  assemble  
t h i s  l i - r a t u r e ,  t h e n  i n i t i a l  e x p e r i m e n t a l  t a p p i n g  of t h e  wi ld  t r e e s  i n  
S r i  Lanka might b e  under taken .  P l a n t i n g  of t h e  S t e r c u l i a  t r e e  i s  a  long- 
term e n t e r p r i s e ,  b u t  i n  view of t h e  c l i m a t e  of p a r t s  of S r i  Lanka and of t h e  
ever-growing world  demand f o r  t h i s  v e r s a t i l e  gum, i t s  economic p o t e n t i a l i t i e s  
f o r  f i l ' i n g  l o c a l  needs ,  and e v e n t u a l l y  i n  p r o v i d i n g  an  e x p o r t  commodity, 
seem promis ing .  The Department o f  F o r e s t r y  and t h e  Milk Board, a i d e d  by 
p r i v a t e  i n d u s t r y  such  a s  E lephan t  House, shou ld  b e  encouraged t o  c o n s i d e r  
t h l s  p o t e n t i a l  n a t u r a l  p r o d u c t  f o r  S r i  Lanka. 



CHAPTER V 

ESSENTIAL OILS AND SPICES 

Current projections predict that the world's essential oil industry 
will multiply several times (perhaps up to five times) by the end of the 
century. Sri Lanka is in an excellent position to improve its balance 
of trade by taking advantage of this trend. The country could supply the 
world with fragrance chemicals derived from plant materials. 

To capitalize on opportunities in this field, Sri Lanka must produce 
consistently high-quality products at a constant rate. To ensure quality 
control, modern analytical instrumentation facilities should be purchased 
and experts to use them should be trained. Attention must also be directed 
towards considerable enhancement of the present programme of research by 
making available all facilities for such work. The present facilities at 
the CISIR are inadequate for a meaningful research programme and for the 
further development of the analytical, chemical, and technological expertise 
in this field that the country will need in the future. A technical sales 
force will also be needed. The country should certainly put particular 
emphasis on essential oils containing ingredients that are not likely to 
be produced synthetically. 

The following appear to have the greatest promise: 
1. Citronella oil (Java type) 
2. Lemongrass oil 
3. Patchouli oil 
4. Vetiver oil 
5. Cinnamon leaf oil 
6. Cardamom oil 
7. Black pepper 
8. Ginger 
9. Ambrette seed oil 

Each of these has a well-established market. Because they can be produced 
in large volume, or because they command high prices, they could signifi- 
cantly improve Sri ~anka's economy. Furthermore, they do not suffer com- 
petition from synthetic substitutes. The first two are already available 
on the island and their increased production could bring rapid economic 
benefits. 

Sri Lanka may one day be able to produce processed fragrances, but this 
production and formulation is becoming so highly sophisticated that it is 
unlikely that the country can compete in the international market at present. 



Nevertheless ,  where technology e x i s t s ,  i t  i s  p r e f e r a b l e  t o  prod~s .2  , ? L  f -.ne:y 
m a t e r i a l s ,  r a t h e r  than raw e s s e n t i a l  o ~ l s ,  because they should i n c r e a s t  
fo re ign  exchange earn ings  and se rve  tl,e requirements of a  home market 

CITRONELLA OIL 

A t  p r e sen t ,  S r i  Lanka produces c i t r o n e l l a  o i l ,  mainly s f  t r e  s c - c ; ~ ~ e d  
"Ceylon" type ,  which con ta ins  a  r e l a t i v e l y  low amount cf  the  important 
component c i t r o n e l l a l .  This  type  en joys  a  s teady  though r e l a t i v e l y  low 
demand of about 250 tons  pe r  yea r ;  because of i t s  c i t r o n e l l a l  con ten t ,  i t  
w i l l  probably cont inue t o  be used a t  t h i s  ;ow r a t e  wi th  r e l a t i v e l y  l i t t l e  
annual  growth i n  demand. 

Another type  of c i t r o n e l l a  o i l ,  t h e  so-ca l led  "Java" type,  i s  much 
r i c h e r  i n  c i t r o n e l l a l ,  s e l l s  a t  a  h igher  p r i c e ,  and i s  i n  g r e a t e r  demand 
than t h e  Ceylon" ty-oe C i t r o n e l l a 1  i s  used i n  syn thes i s ing  p r i zed  f r a -  
grance m a t e r i a l s ,  The f ragrance  indus- ry  kuys s e v e r a l  thousand tons of t h i s  
eype annual ly ,  and the  demand f o r  c i t r o n e l l a l ,  and o i l s  conta in ing  ~ t ,  L s  
growing r ap id ly .  S tudies  a r e  underway t c  eva lua t e  the  p o s s i b i l i t i e s  of 
producing the  "Java" type of o i l  I n  S r l  Lanka. However, i t  i s  recommended 
t h a t  a  t a s k  f o r c e  of un ive-s i ty  l a b o r a t o r i e s ,  ~ e s e a r c h  i n s t i t u t e s ,  and 
cornme-rcial i n t e r e s t s  be formed t o  expand the  e x i s t i n g  programme. The t a sk  
fo rce  should s tudy  and e v a l u a t e  t h e  q u a l i t y  and y i e l d  of ' Javaf1-type 
c i t l o n e l l a  o i l .  I n  a d d i t i o n ,  i t  shoald  s tudy and s e l e c t  "Java"-type 
s t r a i n s  f o r  use i n  S r i  Lanka's growing cond i t i ons .  This agronomic a n a l y s i s  
must be coordinated with chemical a n a l y s i s  of t he  o i l  t o  ensure t h a t  t he  
h igh -c i t rone l l a1  content  i s  r e t a i n e d .  This should take two years .  

I f  t h e  r e s u l t s  meet expec ta t ions ,  p roduct ion  -an be i n i t i a t e d ;  "Java" 
type c i t r o n e l l a  o i l  f o r  expor t  could then  be a v a i l a b l e  i n  about one year .  

To produce t h i s  o i l ,  20 a c r e s  3f iand pe r  ton  i s  r equ i r ed ,  o r  16,000 
a c r e s  foL  about one q u a r t e r  of t h e  world p ~ o d u c t i o n ,  A t  curyent market 
prbces,  t h i s  amount would y i e l d  an annuai Income of about R s .  25,000,000. 

LEMONGRASS O I L  

A secona e s s e n t i a l  o i l  a l s o  c u r r e n t l y  produced i n  S r i  Lanka i s  ""lmon- 
g r a s s  o i l .  "his i s  va luab le  mainly f o r  i t s  content  c f  c a t r a l ,  used a l s o  
as a  s t a r t i n g  agent f o r  va luab le  f ragrance  ma te r i a l s .  Because c f  t h e  in- 
c r eas ing  demand f o r  e s s e n t i a l  o i l s ,  i t ,  too ,  i s  expected t o  be i n  growing 
demand, a t  l e a s t  over t h e  next  decade. To produce about one q u a r t e r  of 
t h e  world 's  need f o r    his st1 would -require about l6 ,000 a c r e s  of lemon- 
gras s  p l an t ings .  It i s  recommended t h a t  a  t a s k  force  ( s i m i l a r  t o  t h a t  
suggested f o r  c i t r o n e i l a )  be e s t a b l i s h e d  t o  undertake t h e  r e sea rch  and 
naazket development f o r  lsmongrass o i l .  The requi red  time aga in  would be 
two y e a r s  f o r  t h e  f e a s i b i l i t y  s tudy  and one year  t o  a z h i e ~ - e  p-~oduct i s? .  
Again, a  f i n a n c i a l  r e t u r n  of about R s .  25~080,009 pe r  yea: might 3e r e a l i z e d ,  
Although both c i t r o n e l l a  and lemongrass o i l s  have a  b u i l t - i n  p r i c e  c e i l i n g  
of about R s .  P3/1b. (because t h e f i  major components a r e  a v a i l a b l e  from o the r  
s c u r c e s ) ,  t h i s  p r i c e  a s s u r e s  a gsad p r o f f t ,  



PATCHOULI OIL 

P a t c h o u l i  o i l  i s  o b t a i n e d  p r i n c i p a l l y  from Pogostemon c a b l i n ,  a s m a l l  
p e r e n n i a l  sh rub  n a t i v e  t o  t h e  P h i l i p p i n e s .  The p l a n t  h a s  been i n t r o d x e d  
i n t o  s e v e r a l  t r o p i c a l  a r e a s  and i t s  o i l  i s  now produced main ly  by I n d o n e s i a ,  
Madagascar, B r a z i l ,  and t h e  S e y c h e l l e s .  C u r r e n t l y  t h e  p a t c h o u l i  p l a n t  i s  
no t  grown i n  S r i  Lanka, b u t  i t  seems c e r t a i n  t h a t  i t  would t h r i v e  I n  t h e  
tea-  and coconut-growing a r e a s .  

P a t c h o u l i  growing i s  s u i t e d  t o  s m a l l  l a n d h o l d e r s  and t o  i n t e r c r o p p i n g  
between t r e e  c r o p s .  Young l e a v e s  and s h o o t s  a r e  c l i p p e d  o f f  e v e r y  s i x  
months. They c o n t a i n  up t o  s i x  p e r c e n t  o i l ;  a f t e r  a  few days  of d r y i n g  
they a r e  d i s t i l l e d  ( o f t e n  j u s t  u s i n g  b o i l i n g  w a t e r  i n  p r i m i t i v e  equipment) 
K O  y i e l d  t h e  o i l .  

One of t h e  f i n e s t  f i x a t i v e s  f o r  perfumes,  p a t c h o u l i  o i l  i s  added t o  
s o a p s ,  tobacco ,  h a i r  t o n i c ,  and c a r p e t s .  It i s  used w i d e l y  i n  t h e  a r o m a t i c  
chemicals  i n d u s t r y .  Almost a l l  e s s e n t i a l - o i l - u t i l i z i n g  companies p u r c h a s e  
i t ,  s i n c e  i t  i s  a  b a s i c  i n g r e d i e n t  f o r  many f r a g r a n c e s  The major i n g r e -  
d i e n t ,  and t h e  i m p o r t a n t  component i n  t h e  o i l ,  i s  p a t c h o u l i  a l c o h o l ,  a  com- 
p l e x  molecule  t h a t  i s  u n l i k e l y  t o  b e  s y n t h e t i c a l l y  produced i n  commercial 
q u a n t i t i e s  i n  t h e  n e a r  f u t u r e .  

There  i s  a  worldwide demand f o r  p a t c h o u l i  o i l :  w i t h  t h e  e x p a n d i l ~ g  
e s s e n t i a l - o i l  marke t s  of t h e  f u t u r e ,  l a r g e - s c a l e  p r o d u c t i o n  of p a t e h o u ~ i  
o i l  seems t o  ho ld  much promise  f o r  S r i  Lanka 's  f u t u r e  economic development.  

F o r t y  a c r e s  devoted t o  p a t c h o u l i  p r o d u c t i o n  cou ld  have a n  a n n u a l  
y i e l d  of one t o n  of o i l  worth  abou t  R s .  91,000. 

P a t c h o u l i  i s  i n t e r c r o p p e d  w i t h  r u b b e r  i n  Malays ia ,  which could  p ~ o v i d e  
a v a l u a b l e  model f o r  S r i  Lanka. I f  adop ted ,  no new l a n d  would have t o  be 
b rought  under  c u l t i v a t s o n .  Supplementat ion of r u b b e r  w i t h  p a t c h o u l i  pro- 
d u c t i o n  would be  b e n e f i c i a l  t o  b o t h  i n d a s t r i e s .  The Workshop recommends 
t h a t  t h e  government make a n  e x t r a  a p p r o p r i a t i o n  t o  t h e  Rubber Research 
I n s t i t u t e  f o r  immediate t r i a l s  w i t h  p a t c h o u l i  a s  a n  i n t e r c r o p ,  The funds  
shou ld  b e  s i z a b l e  enough t h a t  t h e  I n s t i t u t e  can s u b c o n t r a c t  w i t h  a g r i c u l -  
t u r a l  and h o r t i c u l t u r a l  r e s e a r c h e r s  i n  t h e  u n i v e r s i t i e s  and Department of 
A g r i c u l t u r e  f o r  h e l p  w i t h  p a t c h o u l i  c u l t i v a t i o n .  

I n  a d d i t i o n ,  t h e  government o r  p r i v a t e  i n d u s t r y  shou ld  c o n t a c t  European 
o r  American companies t h a t  purchase  p a t c h o u l i  o i l .  It i s  l i l cc ly  t h a t  m e  
or more of t h e s e  companies might g u a r a n t e e  a market  (and bbse  p r i c e )  f c r  
S r i  ~ a n k a ' s  p a t c h o u l i  o i l  and,  i n  r e t u r n ,  would p r o v i d e  a l l  of t h e  a g r i -  
c u l t u r a l  and p r o c e s s i n g  e x p e r t i s e  now l a c k i n g  h e r e ,  

P a t c h o u l i  p r o d u c t i o n  cou ld  b e  a c c e l e r a t e d  by a  c o o p e r a t i v e  e f f o r t  
between Ceylonese agronomis t s  who cou ld  produce sample o i l s  from p l a n t i n g s  
i n  d i f f e r e n t  p a r t s  of t h e  i s l a n d ,  and o v e r s e a s  l a b o r a t o r i e s  who couLd do 
t h e  p h y s i c a l ,  chemica l ,  and odour e v a l u a t i o n s  

VETIVER OIL 

V e t i v e r  o i l  comes from t h e  r o o t s  of a w i r y  p e r e n n i a l  g r a s s  V e t i v e r ~ a  
z i z a n i o i d e s .  Though n a t i v e  t o  S r i  Lanka, v e t i v e r  o i l  i s  n o t  produced eom- - 
m e r c i a l l y  on t h e  i s l a n d .  The p r i n c i p a l  c o u n t r i e s  t h a t  now e x p l o i t  t h e  



0 p l a n t  a r e  H a i t i ,  Reunion, Madagascar,  I n d i a ,  Z a i r e ,  Angola, B r a z i l ,  and 
Guatemala. 

The g r a s s  i s  propaga ted  by p l a n t i n g  s e c t i o n s  of r o o t .  It can b e  used 
t o  s t a b i l i z e  s o i l s  and reduce  e r o s i o n ;  i t  i s  a l s o  used a l o n g  r o a d s i d e s  and 
garden b o r d e r s .  Commercial h a r v e s t  of r o o t s  i s  made 1 5  - 24  months a f t e r  
p l a n t i n g .  S p e c i a l  a g r i c u l t u r a l  t e c h n i q u e s  a r e  r e q u i r e d  t o  produce h i g h  
r o o t  y i e l d s .  A f t e r  d r y i n g ,  t h e  r o o t s  a r e  c rushed  and d i s t i l l e d  t o  y i e l d  
t h e  o i l .  

The v i s c o u s  v e t i v e r  o i l  i s  o f t e n  used a s  a  f i x a t i v e  f o r  more v o l a t i l e  
f r a g r a n c e s ,  e s p e c i a l l y  i n  soaps  and cosmet ics .  V e t i v e r  o i l ,  l i k e  p a t c h o u l i  
o i l ,  i s  wide ly  used by i n d u s t r y .  It c o n t a i n s  complex chemica l s  n o t  l i k e l y  
t o  be  s y n t h e s i z e d  commercially i n  t h e  f o r e s e e a b l e  f u t u r e .  

V e t i v e r  i s  b e i n g  s t u d i e d  i n  S r i  Lanka i n  f a r - s i g h t e d  p r o j e c t s  on t e a  
e s t a t e s ,  and i t  i s  recommended t h a t  t h e  Tea Research I n s t i t u t e  be  given 
a n  a d d i t i o n a l  a l l o t m e n t  of funds  i n t e n d e d  f o r  comprehensive t r i a l s  of 
v e t i v e r  as a t e a  i n t e r c r o p .  A g r i c u l t u r a l  h e l p  w i l l  b e  needed. Perhaps 
agronomis t s  and h o r t i c u l t u r i s t s  a t  t h e  u n i v e r s i t y  o r  i n  t h e  A g r i c u l t u r a l  
Research S t a t i o n  could  p r o v i d e  a s s i s t a n c e .  But ,  as i n  t h e  c a s e  of p a t c h o u l i  
o i l ,  S r i  Lanka 's  b e s t  c o u r s e  of a c t i o n  may b e  a  c o n t r a c t  w i t h  a  f o r e i g n  
f i r m  a l r e a d y  exper ienced  i n  v e t i v e r  p r o d u c t i o n .  I n  r e t u r n  f o r  a  guaran teed  
supply f o r  a  g iven  number of y e a r s ,  t h a t  company i s  l i k e l y  t o  p rov ide  a l l  
necessa ry  knowledge and e x p e r i e n c e .  

One hundred and f i f t y  a c r e s  p l a n t e d  i n  v e t i v e r  i s  a  good t a r g e t .  It 
could  y i e l d  abou t  R s .  182,000 a n n u a l l y .  

CINNAMON LEAF OIL 

Sinnamon l e a f  o i l  i s  a l s o  b e i n g  produced i n  S r i  Lanka. It i s  esteemed 
because  of i t s  h i g h  c o n t e n t  of eugenol ,  a chemica l  of g r e a t  v a l u e  a s  a 
f r a g r a n c e  i n  i t s  own r i g h t  and f o r  convers ion  i n t o  o t h e r  f r a g r a n c e  m a t e r i a l s .  
By s e l l i n g  b o t h  cinnamon b a r k  and cinnamon l e a f  o i l  t h e  p r o f i t  of cinnamon 
p l a n t a t i o n s  can  be i n c r e a s e d .  It i s  recommended t h a t  t h e  p r e s e n t  b o t a n i c a l  
s e a r c h  f o r  improved s t r a i n s  ( t h a t  produce a  b e t t e r  y i e l d  of eugenol  i n  t h e  
l e a f ,  i n  a d d i t i o n  t o  h i g h  q u a l i t y  b a r k )  be  i n t e n s i f i e d .  

The p o t e n t i a l  f o r  producing cinnamon l e a f  o i l  from e x i s t i n g  cinnamon 
p l a n t a t i o n s  1s  n o t  be ing  e x p l o i t e d .  P r o d u c t i o n  from t h e  p r e s e n t  a c r e a g e  
of cinnamon p l a n t s  cou ld  p robab ly  b e  more t h a n  doubled.  Also,  S r i  Lanka 
has  n o t  f u l l y  e x p l o i t e d  e x p o r t  marke t s .  An e f f o r t  shou ld  be  rnade t o  develop 
new marke t s  and t o  u t i l i z e  e x c e s s  o i l  t o  produce p e r f u m e r y l f l a v o u r  m a t e r i a l s  
t h a t  w i l l  r e p l a c e  imported m a t e r i a l s .  

CARDAMOM OIL 

Cardamom o i l  a l s o  i s  produced i n  S r i  Lanka; i t  i s  va lued  f o r  i t s  f l a v o u r .  
A t  p r e s e n t ,  i n  i n t e r n a t i o n a l  t r a d e ,  Guatemalan cardamom o i l  i s  cons idered  
s u p e r i o r  t o  t h a t  from o t h e r  c o u n t r i e s .  Th i s  p r e f e r e n c e  i s  based s o l e l y  upon 
t h e  s u b j e c t i v e  judgment of aroma e x p e r t s ,  and cannot  b e  i n t e r p r e t e d  i n  
a n a l y t i c a l  terms.  It i s  recommended t h a t  s t e p s  be t a k e n  t o  de te rmine  



whether there is any scientific basis for the superiority of Guatemalan 
oil. If so, studies should be initiated to achieve quality parity for the 
Ceylonese product. 

BLACK PEPPER 

Black pepper is another Ceylonese product sold as the spice and as the 
oil. This is a lucrative product, but the amount that is sold is only a 
small fraction of the potential that could be realized if production diffi- 
culties were overcome. Black pepper is the spice imported into the United 
States in greatest quantity. It is recommended that a research grant be 
made to the Faculty of Agriculture, which is qualified to study seed pre- 
paration difficulties and deficiencies in the entire process as now practised. 

GINGER 

In order to develop foreign markets and to increase domestic consumption 
of ginger itself, the problem of drying musr be solved. It is recommended 
that a study of this be initiated. The study may involve introduction of 
new hybrids of the present variety with more manageable types. 

AMBRETTE SEED OIL 

One further oil worthy of special comment is Ambrette seed oil, which 
commands a steady, though small market There is, at present, a scarcity 
of high-quality oil. The amazing price of Rs. 6,50b to Rs. 13,000 per lb. 
 hat this oil sells for and the suitability of the isl-and's climatic con- 
ditions for producing it, makes research on growing ambrette most worth. 
while. To initiate this research it will be necessary to import seeds for 
experimental plantings and subsequent evaluation. 



CHAPTER VI 

MEDICINAL PLANTS AND PLANT-DERIVED PHARMACEUTICALS 

The worldwide importance of plant-derived pharmaceuticals is undisputed. 
In 1 9 7 4 ,  for example, about $3,000 million worth of prescriptions containing 
drugs derived from plants was sold in the U.S.A. From the 1,500 million 
prescriptions dispensed in the U.S.A. in that year, about 25 percent contained 
active principles extracted from plant sources. This percentage has remained 
cqnstant for 15 years, which clearly indicates the stability of the market for 
drugs from terrestrial plants. 

Jata of this type are not available for other countries, though the United 
Kingdom uses a large percentage of plant-derived pharmaceuticals and it has 
been estimated that drugs from plants comprise about half of all prescription 
drugs in West Germany 

In addition to prescription drugs, an important and financially rewarding 
market for plant-derived pharmaceuticals is the nonprescription market: 
laxatives rougt and cold preparations, etc. No financial data are available 
for this market, but i,l the United States the value of plant-derived materials 
probably approaches that in the prescription products, 

The major plallts chat are used in drugs are listed in Table I Some al- 
ready grow in Sri Lanka; most could be grown on the island. 

THE NEED FOR RESEARCH 

The size of world markets for plant-derived pharmaceuticals and Sri Lanka's 
ability to grow many of them argues that research in this field should be en- 
couraged and strongly supported by the government. Sri Lanka's abundant flora 
already contain many drug plants. Also there are some plants (both native 
and exotic) 'hat could be cultivated in Sri Lanka to yield materials that, 
after chemical modification, produce pharmaceuticals. An organized research 
efcort could make Sri Lanka a major supplier of some of these natural re- 
sources. 

By exporting natural raw materials and active principles, Sri Lanka can 
increase its foreign currency reserves Some important plant-derived pharma- 
ceuticals are in short supply in international markets, For example, there 
is a critical worldwide shortage of quinine and quinidine and the price of 
these drugs is now very high. Sri Lanka already grows the -- Cinchona plant from 
which they a:e o5ta1ned, 



TABLE I I m p o r t a n t  P l a n t  Drugs  and T h e i r  R e l a t i o n  t o  t h e  Economics o f  S r i  Lanka* 

P l a n t  a n d / o r  A c t i v e  P r i n c i p l e  Growing i n  P o s s i b i l i t y  o f  C u l t i v a t i o n  i n  
S r i  Lanka S r i  Lanica 

D i o s c o r e a  s p e c i e s  
d i o s g e n i n  ( s t a r t i n g  

m a t e r i a l  f o r  s y n t h e s i s  
o f  s t e r o i d s  Rs. 300 - 
600 p e r  k i l o g r a m )  

R a u v o l f i a  s e r p e n t i n a  
r e s e r p i n e  
r e s c i n n a m i n e  
d e s e r p i d i n e  

D i g i t a l i s  p u r p u r e a  
d i g i  t o x i n  

D i g i t a l i s  l a n a t a  
d i g o x i n  

Papaver  somniferum 
opium 
morph ine  
c o d e i n e  

A t r o p a  b e l l a d o n n a  
a t r o p i n e  
hyoscyamine 
s c o p o l a m i n e  

D a t u r a  s p e c i e s  
s c o p o l a m i n e  

C a t h a r a n t h u s  r o s e u s  
v i n c r i s t i n e  
v i n b l a s  t i n e  

Cinchona s p e c i e s  
q u i n i n e  
q u i n i d i n e  

Yes ( S t u d i e s  D o u b t f u l  i f  c u l t i v a t e d  p l a n t s  
must  b e  con- would g i v e  a d e q u a t e  amount of 
d u c t e d  t o  d i o s g e n i n  
d e t e r m i n e  
economic f e a -  
s i b i l i t y . )  

Yes 

Yes (Econ- 
omi.cs of 
c o l l e c t i o n  
and e x t r a c -  
t i o n  would 
have  t o  b e  
s t u d i e d )  

Yes 

Yes 

Yes - I n t r o d u c t i o n  o f  a p p r o p r i -  
a t e  a d d i t i o n a l  s p e c i e s  mi.ght 
b e  c o n s i d e r e d  

C u l t i v a t i o n  c o u l d  b e  p r o f i t a b l e  

C u l t i v a t i o n  c o u l d  b e  p r o f i t a b l e  

D o u b t f u l  i f  d e s i r a b l e ,  b u t  
t h o u g h t  s h o u l d  b e  g1 l v e n  t o  
c u l t i v a t i o n  o f  h i g h  t h e b a i n e -  
y i e l d i n g  Papaver  s p e c i e s ,  f rom 
which morph ine  and c o d e i n e  c a n  
b e  p r e p a r e d  w i t h o u t  d i f f i c u l t y  

Could b e  c u l t i v a t e d  

Yes 

Y e s  - Work s h o u l d  b e  expanded 

* 0nl.y d r u g s  o f  w i d e s p r e a d  u s e  a n d  g r e a t  economic i m p o r t a n c e  a r e  l i s t e d  h e r e .  O t h e r  
p o s s i b i l i t i e s  a r e  d i s c u s s e d  l a t e r  i n  t h e  r e p o r t .  



TABLE 11 Some Plants Available or Easily Cultivable in Sri Lanka, But Which are Imported* 

Local Name Botanical Name Family 

Amukkara (seeds) 
(Aswaganda) 

Bodi seeds 

Geta aralu 

Iramusu 

Kohomba (oil) 

Kumburu (seeds) 

Katuwel batu 

Malithamal 

Nelli 

Namal (stems) 

Rathnitual 

Rathkihiri 

Sarana tubers 

Savendara roots 

Thippilli (pods) 

ThippilPi (roots) 

Inguru 

Kaha 

Withania somnifera 

Psoralea corylifolia 

Terminalia chebula 

Hemidesmus indicus 

Azadirachta indica 

Caesalpinia bonducella 

Sol.anum j acquini 

Woodfordia fruticosa 

Phyllanthus emblica 

Mesua ferrea (stamensj -- 

Plumbago indica 

Acacia catechu 

Boerhaavia diffusa 

Vetiveria zizanoides 

Piper longum 

Piper longum 

Zingiber ofr'icinale 

Curcuma domestica 

Solanaceae 

Leguminosae 

Combretaceae 

Asclepiadaceae 

Meliaceae 

Leguminosae 

Solanaceae 

Lythraceae 

Euphorbiaceae 

Guttiferae 

Plumbaginaceae 

Leguminosae 

Nyctaginaceae 

Gramineae 

Piperaceae 

Piperaceae 

Zingiberaceae 

Zingiberaceae 

Quantity 

20 tons 

10 cwt. 

11.2 tons 

15 tons 

12 tons 

12 tons 

50 tons 

20 tons 

60 tons 

10 cwt. 

2 tons 

2 tons 

10 tons 

5 tons 

15 tons 

6 tons 

20 tons 

2 tons 

Est. Price 

Rs. 8,140Iton 

Rs. 1,06O/ton 

Rs. 1,4301ton 

Rs. 1,7301ton 

Rs. 3,04O/ton 

Rs . 3,15O/ton 
Rs. 2,24O/ton 

Rs. 2,2501ton 

Rs. 1,14O/ton 

Rs. 8,313lton 

Rs, 19,95O/ton 

Rs. 4,4801ton 

Rs. 1,58O/ton 

RS. 2,66O/ton 

Rs. 23,080lton 

Rs. 2,7441ton 

Rs. 5,4291ton 

Rs. 7,9801ton 

* ' Information supplied by So Ponnuchamy 



I r i  a d d i t i o n ,  a  number of p l a n t  s p e c i e s  a r e  prime c a n d i d a t e s  f o r  s o u r c e s  
o f  - new - drugs  no t  y e t  known e l sewhere .  S r i  Lanka shou ld  i n i t i a t e  a  long- term- 
progxamme t o  i n v e s t i g a t e  i t s  f l o r a  f o r  new m e d i c i n a l  p l a n t s  and p l a n t - d e r i v e d  
pharmaceu t ica l s .  One a p p r o a c h - - t h a t  i s  un ique ly  Ceylonese--would b e  t o  in -  
v e s t i g a t e  p l a n t  m a t e r i a l s  used i n  Ayurvedic medicine .  

PLANT MATERIALS NOW IMPORTED EVEN THOUGH THEY GROW LOCALLY 

The Workshop was s u r p r i s e d  t o  d i s c o v e r  t h a t  1 8  d i f f e r e n t  p l a n t  m a t e r i a l s  
a r e  no./ imported by S r i  Lanka, eveil though t h e y  a r e  a v a i l a b l e  i n  t h e  n a t u r a l  
s t a t e  o r  a r e  e a s i l y  c u l t i v a t e d  i n  S r i  Lanka. A l i s t  of t h e s e  p l a n t s  i s  pre-  
s e n t e d  i n  Tab le  11, It i s  e s t i m a t e d  t h a t  t h e s e  i m p o r t s  c o s t  S r i  Lanka about  
Rs.  1 m i l l i o n  i n  f o r e i g r  exchange each  y e a r -  

The a p p a r e n t  r e a s o n  f o r  i m p o r t i n g  p l a n t s  t h a t  a r e  a l r e a d y  a v a i l a b l e  on 
t h e  i s l a n d  i s  t h a t  t h e y  grow i n  remote a r e a s  and i t  i s  l e s s  expens ive  t o  i m -  
p o r t  them t h a n  t o  co l - l ec t  and t r a n s p o r t  them w i t h i n  S;.i Lanka ~ t s e l f .  It i s  
s t r o n g l y  sugges ted  t h a t  s t u d i e s  b e  made t o  de te rmine  whether  o r  n o t  t r a n s -  
p o r t a t i o n  d i f f i c u l t i e s  can Le overcome s o  t h a t  S r i  Lanka can  conserve  i t s  
f o r e i g n  c u r r e n c y  and p r o v i d e  i t s  fa rmers  w i t h  employment. 

Quinine  and Quin id ine  

The Cinchona t r e e s  (Cinchona pubescens ,  Cinchona o f f i c i n a l i s ,  and t h e i r  
v a r i a n t s ) ,  n a t i v e  t o  t h e  Andean h i g h l a n d s  of South America, produce t h e  re-  
markable a n t i m a l a r i a l  d rug  q u i n i n e  a s  w e l l  a s  q u i n i d i n e ,  which i s  w i d e l y  
used t o  t r e a t  h e a r t  d i s e a s e  ( e s p e c i a l l y  a s  a  c a r d i a c  d e p r e s s a n t ) .  

Cheap s y n t h e t i c  s u b s t i t u t e s  f o r  q u i n i n e  have been a v a i l a b l e  f o r  30 y e a r s ;  
however some s t r a i n s  qf plasmodium, t h e  m a l a r i a  p a r a s i t e ,  a r e  r e s i s t a n t  t o  
them a l l .  S u r p r i s i n g l y ,  q u i n i n e  i s  s t i l l  l e t h a l  t o  t h e s e  s t r a i n s .  There ap- 
p e a r  t o  be  p o t e n t i a l  marke t s  f o r  q u i n i n e  i n  r e g i o n s  t h a t  have t h e  r e s i s t a n t  
plesmodium s t r a i n s - - s u c h  a s  S o u t h e a s t  As ia .  The P e o p l e ' s  RepubLic of China 
i s  a v e r y  l i k e l y  market  a s  w e l l  However, S r i  Lanka s h o d d  conduct a  c a r e f u l  
market s u r v e y  b e f o r e  t h e r e  i s  any i n c r e a s e  i n  Cinchona p r o d u c t i o n  A c a r t e l  
of companies i n  E ~ r o p e a n  c o u n t r i e s  c o n t r o l  and monopolise most of t h e  w o r l d ' s  
markets  . 

A t  t h e  p r e s e n t  t i m e  q u i n i d i n e  i s  i n  s h o r t  s u p p l y ,  The w i l d  s t a n d s  of 
Cinchona i n  South America and t h e  p l a n t a t i o n s  e l sewhere  i n  t h e  t r o p i c s  a r e  
i n s u f f i c i e n t  t o  supp ly  world  demand. T h i s  demand i s  i n c r e a s i n g  and q u i n i d i n e  
s e l l s  a t  s i x  t imes  i t s  p r i c e  of f i v e  y e a r s  ago.  

Cinchona p r e f e r s  c o o l ,  t r o p i c a l ,  h i l l  c o u n t r y  (above 1 ,000  f e e t )  w i t h  a 
year-round r a i n f a l l .  I n  a s t o r y  t h a t  s t r a n g e l y  p a r a l l e l s  t h a t  of r u b b e r ,  
Cinchona s e e d s  were s m ~ g g l e d  from South America f o r  p l a n t i n g  i n  A s i a .  They 
came t o  S r i  Lanka i n  t h e  1860s  and t h e  Hakgala Botan ic  Gardens were  c r e a t e d  
a s  a Cinchona n u r s e r y .  

It i s  n o t  p o s s i b l e  t o  produce q u i n i n e  znd q u i n i d i n e  economica l ly  on a  
s m a l l  s c a l e .  Cons iderab le  inves tment  i n  Cinchona p l a n t a t i o n s  and a n  ex- 
t r a c t i o n  p l a n t  a r e  needed. 



Ani icancer  Ds clgs 

The N a t i o n a l  Cancer I n s t i t u t e  (U,S.A.) h a s  a  l a i g e  programme f o r  s c r e e n i r ~ g  
p l a n t s  f o r  a n t i - c a n c e r  a c t i v i t y .  So f a r  t h e y  have checked over  50 ,000  p l a n t s  
c o l l e c t e d  th roughout  t h e  w o r l d ,  They are s t i l l  i n t e r e s t e d  i n  new p l a n t s  and 
S r i  Lanka shou ld  c o n t a c t  them r e g a r d i n g  a c o l l a b o r a t i v e  p r o j e c t . *  The In-  
s t i t u t e  pays  f o r  t h e  material co l l ec ted- -a l though  ehe amount of money invo lved  
i s  modest i t  could  p r o v i d e  Ceylonese s c i e n c e  w i t h  some f o r e i g n  exchange.  

X i  some of t h e  specimes prove a c t i v e  a g a i n s t  c a n c e r s ,  a  r e s e a r c h  g r a n t  
p r o p o s a l  cou ld  be  s u b m i t t e d  t o  t h e  Na t iona l  I n s t i t u t e s  of H e a l t h  ( U . S . A . ) ,  
fir- s i r n i l a r  a g e n c i e s  i n  o t h e r  c o u n t r i e s ,  r e q u e s t i n g  funds  t o  i s o l a t e  and 
c h i r a c t e r i s e  t h e  a c t i v e  principles. S i m i l a r l y ,  pharn laceu t fca l  f i r m s  i n  v a r i o u s  
co11ntrie.s might b e  r e c e p t i v e  t o  r e s e a r c h  p r o p o s a l s ,  shou ld  t h e  a r e a  of phar-  
maco log ica l  a c t i v i t y  b e  of i n t e r e s t  t o  t h e  f i r m .  R i g h t s  t o  d i s c o v e r i e s  xnder  
such agreements  would b e  s u b j e c t  t o  n e g o t i a t i o n .  

From t h e  50,000 p l a n t s  s c r e e n e d  s o  f a r ,  a  dozen o r  s o  w i t h  a n t i - c a n c e r  
d c i i v i t y  a r e  promising c a n d i d a t e s  f o r  new drugs .  These a r e  now moving th rougn  
a s e r r e s  of c l i n i c a i  t r ia ls .  Of t h e s e ,  one Hel iot ropoum indicum a l r e a d y  grows 
)my Sri i z n k a .  Two o t h e r s  have c l o s e  r e l a t i v e s  growing on t h e  i s l a n d ,  they 
.Ire: ( :a t?salpinia  g i l l i e s i i  (Ceylonese r e l a t i v e s :  C .  c o r i a r i a ,  C.  c r i s t a  
0 naj o r ,  C .  p i l c h e r r i m  and C. sappan)  and ~ r u c e a - ~ n t i d i s i n t e r ~ ~ a  ( ~ e y l o n e s e  - -- -. -- -- -- 
r e l a t i v e s :  B.  j a v a n i c a  and B. surnatrana) .  These would be  good p l a n t  m a t e r i a l s  
t o  i n i t i a t e c o l l a b o r a t i o n  w G h  t h e  Na t iona l  Cancer I n s t i  t u t e .  

Tn l a b o r a t o r y  an imals  a c r o n y c i n e ,  which i s  e x t r a c t e d  from t h e  woody p l a n t  
~ c h r o n y c h i a  b a u e r i ,  h a s  t h e  b r o a d e s t  a n t i - c a n c e r  spec t rum of  any known a n t i -  -- -. - 
L~lnlour Arug. It is  c u r r e n t l y  i n  c l i n i c a l  t r i a l s  i n  t h e  U.S.A.; i f  i t  proves  
e f F e c L l v e ,  i t  w i l l  be  r e q u i r e d  i n  l a r g e  q u a n t i t i e s .  A s y n t h e s i s  h a s  been re- 
p ~ r t r d  f o r  a c r o n y c i n e ,  b u t  g e t t i n g  i t  from p l a n t s  might w e l l  compete ecunomi- 
1 . -  1 1 y .  S ince  S r i  Lanka has a r e l a t e d  s p e c  l e s  , Acronychia -- p e d u n c u l s ,  a 
s t u d y  t o  det-ermine whether  a c r o n y c i n e  i s  p r e s e n t  i n  a d e q u a t e  c o n c e n t r a t i m  
t~ wa-rant  i t s  e x p l o i t a t i o n  i s  needed. 

Dioscorza  

io~nmonXy c a l l e d  yams, some s p e c i e s  of Dioscoreas  a r e  s o u r c e s  01 a s t a r f i n ?  
~ r a ,  2 -  Fa1 (d iosgen in)  which i s  wide ly  ilsei! i n  the pharrriaceutical  i n d u s t r y .  
J ~ o s g e n i n  i s  now o b t a i n e d  l a r g e l y  from wi ld  ja:l1s growlng i n  Nexico, t h e  
l ' e o p l e ' s  Republ ic  of China,  A f r i c a ,  and I c d l a .  It i s  i n  c h r o n i c  s h o r t  supp ly  
t!rroughout t h e  world .  Because -the Mexican yams grow s1uwl.y under n a t u r a l  
f-ond i t l u n s ,  they  a r e  0 ~ 7 e r e x p l o i t e d  anii cannot  m t e t  t h e  c u r r e n t  demarld, 

The t i m e  i s  f a s t  approach ing  when yams t h a r  y i e l d  u s e f u l  quantities of 
&ii , sgenin  w i l l  have t o  b e  c u l t i v a t e d  ,>,ld marzaged i? a systemat l ic  a g r i c u l t u r a l  
1 n e r  Puevious a t t e m p t s  t o  do t h i s ,  nota5Ly i n  ~C'.ilaecrala and Xexico, have 
rlot  bee,^ ton  s u c c e s s f u l ,  a p p a r e n t l y  because  of a g r i c ~ u l t u r a l  d i E i i c u f - ~ i z s .  

- - 
Concact D r .  Johrr Douros, Ac t ing  D i r e c t o r ,  N a t u r a l  P r o d u c t s  S e c t l o n ,  Drug 

:c,:search and Development D i v i s i o n  o F  Cancer T r e a t m e n t ,  N a t i o n a l  Cancer In- 
s t i t u t e ,  Bethesda,  Maryland 2C014,  Unired S t a t e s  o f  America. 



S r i  Lanka grows e d i b l e  yams e x t e n s i v e l y  and h a s  s e v e r a l  ind igenous  v a r i -  
e t i e s .  Y a m  c u l t i v a t i o n  methods a r e  known and t h e  c l i m a t e  and s o l 1  seem s u i t e d  
t o  growing t h e  s p e c i f i c  C e n t r a l  American v a r i e t i e s  t h a t  have h i g h  di-osgenin 
c o n t e n t .  Diosgenin  p r o d u c t i o n ,  i f  i t  can  b e  made s u c c e s s f u l ,  could  b r i n g  sub- 
s t a n t i a l  f o r e i g n  exchange t o  S r i  ~ a n k a .  Diosgenin  i s  a m a t e r i a l  t h a t  i s  
e a s i l y  s h i p p e d ,  even t o  a l s t a n t  marke t s  i n  t h e  Uni ted  S t a t e s  and Europe. It 
s e l l s  f o r  t h e  enormous p r i c e  of R s  300,000 600,000 p e r  ton .  

To b e g i n  p r o d u c t i o n ,  c o n t a c t  shou ld  be made w i t h  a  c o r p o r a t i o n  such  a s  
Scher ing  AG,  B e r l i n  ( F e d e r a l  Republ ic  of Germany) k h i c h  h a s  e x t e n s i v e  exper i -  
ence i n  a t t e m p t i n g  t o  c u l t i v a t e  t h e  p l a n t  i n  Mexico and Guatemala,  t h e  corpor- 
d t i o n  i s  s e e k i n g  s o u r c e s  of d i o s g e n i n  and i s  i i k e l y  t o  b e  r e c e p t i v e  t o  a  
p r o p o s a l  from S r i  I,anka, Such a  company i s  l i k e l y  t o  welcome a  c o o p e r a t i v e  
p r o j e c t  i n  which i t  p r o v i d e s  t echr . i ca l  s u p p o r t  i n  e,,change f c r  a  c o n t r a c t  t o  
buy t h e  p r o d u c t  from S r i  Lanka f o r  a  g i v e n  number of y e a r s .  A c o n t r a c t  of 
t h a t  k i n d  cou ld  b r i n g  major b e n e f i t s  t o  b o t h  p a r t i e s .  

C a t h a r a n t h u s  Roseus 

Nat ive  t o  S r l  Lanka, S a t h a r a n t n u s  r o s e u s  c o n t a i n s  p h a r m a c e u t i c a l s  t h a t  
a r e  i n  demand bo% i n  Europe and t h e  U n i ~ e d  S t a t e s .  A t  one t ime i t  was found 
i n  weedy abundance on t h e  i s l a n d ,  b u t  c o l l e c t o r s  have wantonly  e x p o r t e d  s o  
many r o o t s  and l e a v e s  t h a t  t h e y  have decimated t h e  n a t i v e  s t a n d s  A survey  
of t h e  remain ing  C a t h a r a n t h u s  r o s e u s  shou ld  be made and methods t o  p r e s e r v e  
them e f f e c t e d .  Also t h e  p o t e n t i a l  of c u l t i v a t i n g  t h e  p l a n t  shou ld  b e  d e t e r -  
mined by Ceylonese  h o r t i c u l t u r a l  r e s e a r c t l e r s .  It responds  w e l l  t o  c u l t i v a t i o n  
and i t  i s  l i k e l y  t h a t  f o u r  c r o p s  of l e a v e s  cou ld  b e  h a r v e s t e d  a n n u a l l y  

The p l a n t ' s  r o o t s  produce a j m a l i c i n e ,  a  d rug  t h a t  i s  wide ly  ased i n  
Europe a s  a n  i n g r e d i e n t  i n  p h a r m a c e u t i c a l s  f o r  t r e a t i n g  h e a r t  d i s e a s e .  Be- 
cause  of t h e  r a p a c i o u s  d e s t r u c t i o n  of a jma!acine-cqnta ining p l a n t s  throughout  
t h e i r  n a t i v e  h a b i t a t s ,  many European i m p o r t e r s  ? r e  d e s p e r a t e  f o r  new s u p p l i e s .  
(Other Ceylonese  p l a n t s  c o n t a i n i n g  a j m a l a c i n e  a r e  R a u v o l f i a  s e r p e n t i n e  and 
C a r t h a r a n t h u s  - p u s i l l u s .  They t o o  need t o  be a n a l y s e d . )  

The s tems  and l e a v e s  of C a t h a r a n t h u s  r o s e u s  c o n t a i n  l e u r o c r i s t i n e  ( a l s o  
known as v i t c r i s t i n e  o r  VCR). It i s  t h e  most e f f e c t i v e  d rug  f o r  t r e a t i n g  - - 
a c u t e  leukemia i n  c h i l d r e n  and now sells f o r  t h e  i n c r e d i b l e  p r i c e  of R s ,  1 
m i l l i o n  p e r  pound. The a n n u a l  demand f o r  VCR i s  small--oniy 1 0  l b s  by t h e  
Uni ted S t a t e s ,  f o r  example. The purchase  p r i c e  i s  so h i g h  because  VCR i s  
found i n  v e r y  s m a l l  amounts i n  C a t h s r a n t h u s  r o s e u s .  (Only 1 ounce i s  ob ta ined  
from 15 t o n s  o f  l e a v e s . )  

It i s  l i k e l y  t h a t  t h e  p r i c e  of VCR w i l l  soon d rop  d r a m a t i c a l l y  because  
a  Hungarian r e s e a r c h  team r e c e n t l y  developed a  t e c h n i q u e  f o r  producing i t  
from v i n c a l e u c o b l a s t i n e  ( a l s o  known as v i n b l a s t f n e  o r  VLB), which o c c u r s  i n  
much g r e a t e r  c o n c e n t r a t i o n s  i n  Ca tharan thus  r o s e u s  (70 l b s  from 15  t o n s  of 
l e a v e s ) .  With VLB a v a i l a b l e  from t h i s  Ceylonese weed, i t s  convers ion  t o  
VCR p r o v i d e s  a h i g h l y  p romis ing ,  b u t  v e r y  c h a l l e n g i n g ,  researcki a r e a  f o r  
l o c a l  chemis t s .  I f  a  new o r  improved c o n v e r s i o n  of VLB t o  VCR can be  devel-  
oped,  t h e  p a t e n t  c o v e r i n g  i t  would be o f  g r e a t  s i g n i f i c a n c e ;  t h e n  t h e  
e x p l o i t a t i o n  of Ca tharan thus  r o s e u s  cou ld  earrr S r i  Lanka muck t o r e i g n  
exchange. 



Bromelain 

There i s  a  worldwide s h o r t a g e  of b r o m e l a i n ,  a n  enzyme t h a t  i s  i s o l a t e d  
from p i n e a p p l e  by-produc t s ,  p a r t i c u l a r l y  from t h e  stump t h a t  i s  l e f t  i n  t h e  
ground a f t e r  t h e  f r u i t  i s  h a r v e s t e d .  Bromelain i s  a n  a n t i - i n f l a m a t u r y  phar-  
m a c e u t i c a l ,  used t o  t r e a t  i n j u r i e s ,  s p r a i n s ,  . ~ n d  c o n t u s i o n s  There  a r e  o n l y  
t w o  s o u r c e s  f o r  t h e  enzyme: a  l a r g e  pineap11l.e company i n  Hawaii and p i n e a p p l e  
p r o d u c e r s  i n  Taiwan. 

To e x t r a c t  any enzyme from n a t u r a l  p r o d u c t s  i s  d i f f i c u l t ;  i n c o r r e c t  
h a n d l i n g  q u i c k l y  d e n a t u r e s  i t  and d e s t r o y s  i t s  m e d i c i n a l  a c t i v i t y .  I n  p a r t i c -  
u l a r ,  b romela in  e x t r a c t i o n  w i l l  p robab ly  need a  c o s t l y  f r e e z e - d r y i n g  p l a n t .  

Other  by-products  w i t h  p o t e n t i a l  economic v a l u e  a r e  p i n e a p p l e  p e e l s ,  
which a r e  c u r r e n t l y  d i s c a r d e d  i n  S r i  Lanka,  b u t  which can b e  p rocessed  t o  
y i e l d  sugar  and c i t r i c  a c i d ;  and t h e  d r i e d  r e s i d u e  of t h e  p i n e a p p l e  p l a n t  
a f t e r  h a r v e s t  ( p i n e a p p l e  h a y ) ,  which i s  v a l u a b l e  f o r  an imal  t e e d .  

OTHF,R RESEARCH TOPICS 

C a r d i a c  g l y c o s i d e s  

I n  Europe,  c a r d i a c  g l y c o s i d e s  d e r i v e d  from s p e c i e s  of Urginea  and S c i l l a ,  
bulbous  p l a n t s  of t h e  l i l y  f a m i l y ,  a r e  used t o  c o n t r o l  h e a r t  d i s e a s e .  S r i  
Lanka h a s  S c i l l a  h y a c i n t h i n a  and Urginea  r u p i c o l a ;  n e i t h e r  a p p e a r s  t o  have 
been e v a l u a t e d  c h e m i c a l l y  o r  pharmaco log icab ly ,  S t u d i e s  on b o t h  s p e c i e s  

c o u l d  p rove  i n t e r e s t i n g ,  

Vincamine 

Vincamine i s  o b t a i n e d  i n  good y i e l d  from -- Vinca minor ,  a  p l a n t  a v a i l a b l e  
i n  S r i  Lanka. Vincamine h a s  been  known f o r  a number of y e a r s ,  b u t  c u r r e n t  
i n t e r e s t  i n  t h i s  a l k a l o i d ,  e s p e c i a l l y  i n  F rance .  i s  v e r y  h i g h  because  pre- 
l i r n ~ n a r y  r e p o r t s  i n d i c a t e  t h a t  i t  may d e l a y  s e n i l i t y  by i n c r e a s i n g  oxygen 
s , rp?ly  "o b r a i n  c e l l s .  Vincamine i s  c u r r e n t l y  b e t n g  s t u d i e d  by p h a r m a c e u t i c a l  
F i r m s  a s  a  l i k e l y  c a n a i d a t e  f o r  i n t r o d u c t i o n  i n t o  t h e  U.S.A, as a new drug.  
C u r r e n t  s u p p l i e s  a r e  b e i n g  met th rough  p l a n t s  under  c u l t i v a t i o n  i n  Hungary. 
But -- Vinca minor cou ld  b e  c u l t i v a t e d  i n  S r i  Lanka w i t h  l i t t l e  d i f f i c u l t y .  
Should vincamine e v e n t u s l i y  become w i d e l y  used ,  S r i  Lanka might compete a s  a  
war l d  supp l i e r  . 

Sennos ides  A + B 

Sennos ides  A + B ,  used w i d e l y  a s  laxatives, a r e  i n  s h o r t  s u p p l y ;  new 
s o u r c e s  a r e  b e i n g  s o u g h t  by U,S. i m p o r t e r s  They a r e  commercially p r e p a r e d  
from t h e  l e a v e s  a n d / o r  l r u i t s  of C a s s i a  - a c u t i f o l i a  . -. a n d / o r  -- C, a n g u s t i f o l i a .  
Sri Lanka h a s  several -- Cassia  s p e c i e s  g r ~ w i n g  t h a t  might b e  good s o u r c e s  f o r  
t h e s e  substances, Thus,  i t  may b e  p r o f i t a b l e  Lo c a r r y  o u t  a  s u r v e y  o f  a l l  
s p e c i e s  of -- C a s s i a  i n  S r i  Lanka f o r  s e n n o s i d e s  A + B .  



Rot enone 

Rotenone i s  a  v a l u a b l e  i n s e c t i c i d e  t h a t  c o u l d  p o s s i b l y  b e  produced f r o n  
S r i  Lanka p l a n t s .  T h i s  compound i s  p r e s e n t  i n  v i r t u a l l y  e v e r y  s p e c i e s  of 
Tephrosia  and D e r r i s  y e t  t e s t e d .  A s t u d y  i s  needed t o  de te rmine  whether  
ro tenone  i s  p r e s e n t  i n  t h e  t e n  o r  s o  s p e c i e s  s f  Tephros ia  and i n  t h e  s i x  
s p e c i e s  of D e r r i s  t h a t  grow i n  S r i  Lanka. There i s  a  world  market f o r  ro tenone.  

P i c r o t o x i n  

P i c r o t o x i n  i s  e x t r a c t e d  from Anamirta c o c c u l u s  and i s  used throughout  
i h e  world as a n  a n a l e p t i c  ( s t i m u l a n t  t o  t h e  ne rvous  sys tem) and a n t i d o t e  f o r  
b a r b i t u r a t e  i n t o x i c a t i o n .  The p l a n t  grows i n  S r i  Lanka. A market su rvey  
and some s imple  a n a l y s e s  of l o c a l  specimens might show t h a t  p i c r o t o x i n  i s  a 
c a n d i d a t e  f o r  e x p o r t  by S r i  Lanka. 

L-Dopa i s  an  i m p o r t a n t  d rug  used th roughout  t h e  world  f o r  t h e  t r e a t m e n t  
s f  P a r k i n s o n ' s  D i s e a s e .  Much of t h e  L-Dopa a s e d  today i s  e x t r a c t e d  from t h e  
seeds  of leguminous p l a n t s .  I n  c e r t a i n  legume s e e d s  i t  i s  p r e s e n t  i n  up t o  
3 p e r c e n t  c o n c e n t r a t i o n .  

Seeds of Ceylonese leguminous p l a n t s  shou ld  be  assayed  f o r  L-Dopa c o n t e n t  
The b e s t  c a n d i d a t e s  a r e  Mucuna s p e c i e s  ( f o r  example Mucuna a t r o p u r p u r e a  and 

-- 

M~ncuna p r ~ m r i t a )  and Leucaena l a t i s i l i q u a .  -- 

THE PRODUCTION OF DRUGS BY UNITJERSIm STUDENTS 

S t u d e n t s  a t  Peking U n i v e r s i t y  i n  t h e  P e o p l e ' s  Republ ic  of China a r e  
a s s i g n e d  s y n t h e s e s  of low-volume, h igh-cos t  d r u g s  i n  p l a c e  o f  l a b o r a t o r y  
e x e r c i s e s  i n  t h e i r  c o u r s e s .  A s m a l l  p i l o t  p l a n t  h a s  been c o n s t r u c t e d  a t  t h e  
u n i v e r s i t y  grounds and t h e  s t u d e n r s  produce d r u g s  f o r  u s e  l a r g e l y  w i t h i n  t h e  
People" Republ ic  of China. I n  t h i s  unique e d u c a t i o n a l  programme t h e  s t u d e n t  
g ~ l r a s  v a l u a b l e  p r a c t i c a l  e x p e r i e n c e  a s  p a r t  of I ~ i s  u n i v e r s i t y  t r a i n i n g .  The 
programme h a s  c o n t r i b u t e d  t o  C h i n a ' s  s e l f - s u f f i c i e n c y  i n  d rug  p r o d u c t i o n  and 
has  evexi a l lowed them t o  e x p o r t  many d r u g s .  

It would be i n t e r e s l i n g  t o  s e e  if a  s i m i l a r  programme could  be i n i t i a t e d  
i n  S r i  Lanka. I n  t h l s  r e s p e c t ,  t h e  a d v i c e  of r e p r e s e n t a L i v e s  of t h e  P e o p l e ' s  
Republie of China might  be  r e q u e s t e d  
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of the Family Placouritiaceae 

R. 0 .  B. Wijesekera - 
A Case for an Asian International Centre of Natural Product Research 

Grants awarded since the inception of the Nrtio~al Science Council  
for Projects relevant to topics under discussion at the Workshop. 

Research in Natural Products carried out in Sri Lanka in the period 
1.970 - 2973, 



APPENDIX C 

MARINE NATURAL PRODUCTS 

P a u l  Scheuer 

S r i  Lanka i s  n o t  unique i n  i t s  u n d e r u t i l i z a t i o n  of t h e  s e a  as a  s o u r c e  
of food and raw m a t e r i a l s .  V i r t u a l l y  a l l  c o u n ~ r i e s  b o r d e r i n g  on t h e  ocean 
s h a r e  t h i s  n e g l e c t .  I n  o r d e r  t o  improve t h i s  s i t u a t i o n ,  a  s u i t a b l e  o rgan i -  
z a t i o n ,  presumably CISIR shou ld  immediate ly  p r e p a r e  a n  i n v e n t o r y  of a v a i l -  
a b l e  resource;  i r L  manpower t r a i n e d  i n  a l l  f a c e t s  of marine  s c i e n c e ,  i n  
f a c i l i t i e s  (e .g .  s t a t i o n s ,  b o a t s ,  ponds ,  e t c . ) ,  ar,d i n  l i b r a r y  r e s o u r c e s .  
D r .  M. Mahendran o f  t h e  Colombo Campus, U n i v e r s i t y  of S r i  Lanka, h a s  begun 
a r e s e a r c h  programme i n  mar ine  n a t u r a l  p r o d u c t s  and shou ld  be a c o n s u l t a n t  
i n  t h i s  i n i t i a l ,  a s  w e l l  a s  subsequen t ,  p h a s e s  of t h i s  development. 

Shor t - term upgrad ing  of s k i l l e d  manpower may b e  u n d e r w r i t t e n  by v a r i o u s  
UN a g e n c i e s  (FAO, h%O), by t h e  East-West Cen te r  i n  Honolulu,  o r  by t h e  
international Cente r  f o r  L iv ing  Aqua t ic  Resouzczs Management (ICLARM)." 

Long-range manpower and f a c i l i t i e s  development shou ld  b e  planned a s  
p a r t  of n a t u r a l  p r o d u c t s  development i n  g e n e r a l ,  f o l l o w i n g  complet ion of 
t h e  i n v e n t o r y .  

S i n c e  a l g a e  a r e  p h o t o s y n t h e t i c  p l a n t s  and pr imary p r o d u c e r s  i n  t h e  food 
c h a i n  of t h e  sea, they  shou ld  be  c o n s i d e r e d  f i r s t .  U n i c e l l u l a r  a l g a e  a r e  a n  
e x c e l l e n t  p r o t e i n  s o u r c e  and have been  grown i n  e q e r i m e n t a i  ou tdoor  c u l t u r e  
(Na ture ,  254, 594. 1975) .  To my knowledge, no l a r g e - s c a l e  p r o d t c t i o n  
f a c i l i t y  i s  i n  o p e r a t i o n ,  but marine  s c i e n t i s t s  shou ld  f o l l o w  t h e  p e r t i n e n t  
l i t e r a t u r e  f o r  ?ew developments.  

Red and brown macroscopic  a l g a e  ( g r e e n ,  brown, and r e d  a r e  t h e  major 
d i v i s i o n s )  have l o n g  been used i n  v a r i o u s  p a r t s  of t h e  world  a s  food ,  f o d d e r ,  
f e r t i l i z e r ,  o r  as a  s o u r c e  of p o t a s h  and i ~ d i n e .  Most of t h e i r  u s e s  a r e  
h i g h l y  l o c a l i z e d  and riot r e a d i l y  t r a n s f e r a b l e  t o  o t h e r  c u l t u r e s ,  e x c e p t  f o r  

- 

* ICLPIRM i s  t h e  a c t i v i t y  i n i t i a t e d  January  1, 1975,  by t h e  R o c k e f e l l e r  
Foundat ion o f  New Ysrk,  which aims a t  a  major  improvement of t h e  a q u a t i c  
r e s o u r c e s  f a r  t h e  p e o p l e  of t h e  P a c i f i c  and of S o u t h e a s t  A s i a .  It i s  
c u r r e n t l y  h e a d q u a r t e r e d  i n  Honolulu.  Its d i r e c t o r  D r .  P h i l i p  H e l f r i c h ,  
has i n d i c a t e d  t o  me t h a t  t h e y  d e  n o t  f e e l  s t r i c t l y  l i m i t e d  t o  t h e  P a c i f i c  
a r e a .  Reques t s  by S r i  Lanka f o r  a i d  w i t h  t r a l n i n g  o r  r e q u e s t s  f o r  a  par-  
r i c u l a r  knowledge aL1d e x p e r i e n c e  i n  t h e  mar ine  a r e a  would be g i v e n  t h e  same 
cons- ide ra t i eu  as s 2 . m i ' a r  r e q u e s t s  from a P a c i f i c  c o u n t r y .  (P.0.Box 3830, 
Honolulu,  Hawafi 96812, USA) 
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t h e  use  of f e r t i l i z e r ,  which i s  on t h e  i n c r e a s e .  Annual p r o d u c t i o n  i n  
wes te rn  c o u n t r i e s  i s  about  40,000 m e t r i c  t o n s ,  of which 35 p e r c e n t  i s  p r s  
duced i n  Norway. 

Red and b robA a l g a e  a r e  no l o n g e r  an i n d u s t r i - a 1  s o u r c e  of p o t a s h  o r  
i o d i n e ,  b u t  t h e y  have become an impor tan t  raw m a t e r i a l  f o r  t h e  e x t r a c t i o n  
of a l g a  p o l y s a c c h a r i d e s .  These so  c a l l e d  phycocc, l lo ids  have no n u t r i t i v e  
v a l u e ,  b u t  t h e y  a r e  v a l u a b l e  i n  t h e  food i n d u s t r y  as t h i c k e n i n g ,  s t a b i l i z i n g ,  
suspending,  and g e l l i n g  a g e n t s .  The c u r r e n t  a n n u a l  h a r v e s t  i s  approximately 
17,000,000 m e t r i c  t o n s  w i t h  a  market v a l u e  of R s .  2 ,275,000,000,  V i r t u a l l y  
a i l  of t h i s  i s  h a r v e s t e d  by f i s h e r m e n ,  d i v e r s ,  s p e c i a l l y  b u i l t  b o a t s ,  o r  
s imply g a t h e r e d  a f t e r  s t o r m s ,  none of i t  mechan ica l ly ,  At tempts  a r e  under- 
way t o  c u l t u r e  t h e  r e d  a l g a  genus Euchema i n  t h e  Philippines f o r  p r o d u c t i o n  
of c a r r a g e e n a n ,  which i s  a  w i d e l y  used gum, p a r t i c u l a r l y  i n  mi lk  p r o d u c t s .  
Cur ren t  p r i c e  of ca r rageenan  i s  about  R s .  20 p e r  pound. 

Marine a l g a e  have so  f a r  found no s i g n i f i c a n t  medica l  a p p l i c h t l o n s ,  
w i t h  t h e  e x c e p t i o n  of a l g i n  (one of t h e  p o l y s a c c h a r i d e s )  a s  a l a x a t i v e ,  f o r  
making d e n t a l  i m p r e s s i o n s ,  and a s  a  medium f o r  l a b o r a t o r y  c u l t u r e .  Ka in ic  

i s  a n  a n t h e l m i n t i c  (Digenin ,  He lmina l ) ,  produced by t h e  r e d  a l g a  
Digenea s implex ,  f i r s c  i s o l a t e d  and s t u d i e d  by Japanese  workers .  

Only one marine  i n v e r t e b r a t e  s e r v e s  c u r r e n t l y  a s  t h e  s o u r c e  of a bio-  
medical  raw m a t e r i a l .  A gorgonian from t h e  Car ibbean e l a b o r a t e s  a p r o s t a g -  
l a n d i n ,  which can b e  t r ans formed  i n  t h e  l a b c r a t o r y  i n t o  a p h y s i o l o g i c a l l y  
a c t i v e  s u b s t a n c e .  Another marine  r L a t u r a l  p roduc t  of a n  a n n e l i d ,  n e r e i s -  
t o x i n ,  s e r v e d  a s  t h e  t e m p l a t e  f o r  a  o h l u a b l e  insecticide, which i s  marketed 
i n  Japan under t h e  t r a d e  name Padan* w + t h  an  a n n u a l  p r o d u c t i o n  i n  1972 of 
1,500,000 kg. 

Mar ic i l l tu re  o f  i n v e r t e b r a t e s  For food o r  pea--1s f s  h i g h - y  s u c c e s s f u l  
i n  v a r i o u s  p a r t s  of t h e  wor ld .  Many more o r g a n i z a t i o n s  a r e  exper iment ing  
w i t h  a d d i t i o n a l  c r o p s ,  Developments i n  t h i s  a r e a  shou ld  be  fo l lowed  by 
t h e  f i s h e r i e s  s t a f f  A v e r y  s imple  k i n d  of m a r i c u l t u r e ,  of t h e  b r i n e  shrimp 
Artemla ,  which i s  i n  g r e a t  demand a s  a food s o u r c e  i n  m a r i c u l t u r e ,  can be 
c a r r i e d  o u t  i n  b r a c k i s h  ponds ,  w i t h  v i r t u a l l y  no o t h e r  inves tment .  

S i m i l a r l y ,  c u l t a r i n g  o r  f i s h  is h i g h l y  s u c c e s s f u l  i n  many a z e a s  an(+ 
a d d i t i o n a l  s p e c i e s  of f i s h  a r e  c u r r e 2 t l y  under s t u d y .  To commence ruch 
a  programme S r i  Lanka w i l l  c o n s t i t u t e  a  major long-range commitment 
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APPENDIX D 

THREATENED OR ENDANGERED PLANTS OF SRI LANKA 

Edward S. Ayensu 

The selection is based on A Revised Handbook to the Flora of Ceylon I 
(1):1973 and manuscripts available as of May 8, 1975, which were prepared 
for the Revised Handbook. Trimen's Handbook to the Flora of Ceylon (1893 - 
1900) was partially based on collections by Thwaites, and species not 
collected since the time of Thwaites may be considered endangered, due 
to probably modification of their habitat by human activities in the inter- 
vening years. 

Numbers after the family name refer to page numbers in the Revised 
Handbook or in the relevant manuscripts. 

Alchemilla indica var. sibthorpiodes - Rosaceae - 63 - endemic - 
not coll. since 1911. 

~nodendron manubriatum - Apocynaceae - 26 - endemic - not coll. since 
Thwai tes 

Anodendron rhinosporum - Apocynaceae - 26 - endemic - not coll. since 
Thwaites 

Ceropegia elegans var. gardneri - Asclepiadaceae - 55 - endemic - 
noc coll. in wild since 1800; perhaps extinct in wild; in Europe 
cultivated in greenhouses 

Ceropegia thwaitesii - Asclepiadaceae - 54 - also in Deccan - not 
coll. since Thwaites 

Cleghornia acuminata - Apocynaceae - 25 - endemic has become rare 
this century 

Cyathula ceylanica - Amaranthaceae - 38 - endemic - not coll. since 
Thwai tes 

Cyoton zeylanicus - Euphorbiaceae - endemic - not coll. since Thwaites 
Didymocarpus floccosus - Gesneriaceae - 92 - endemic - coll. once 

recently since Thwaites 
Dischidia nummularia - Asclepiadaceae - 51 - also in Asia - not ~011, 

since Thwaites 
Ellipanthus unifoliatus - Connaraceae - 13 - endemic - not coll. since 

1888, probably due to clearing and deforestation - 

Belicia ceylanica - Proteaceae - endemic - not coll. 1946 since the 
1800's; probably due to development 



Helixanthera ensifolia - Loranthaceae - 75 - endemic - not coll. since 
Trimen, Thwaites 

Hunteria zzylanica - Apocynaceae - 10 - also in Asia - disappearing 
rapidly via forest destruction 

Hypolytrum longirostre - Cyperaceae - endemic - not coll. since Thwaites 
Lindernia viscosa - Scrophulariaceae - 32 - also in Asia - becoming 

rarer since Trimen 
Mapania immersa - Cyperaceae - endemic - not coll. since Thwaites -- 

Petchia ceylanica - Apocynaceae - 16 - endemic - much in danger of 
extinction via rain forest destruction 

Peucedanum ceylanicum - Apiaceae - 45 - endemic - not coll. since 
1846 (Gardner) 

Phyllanthus hakgalensis - Euphorbiaceae - endemic - type coll, only 
Phyllanthus oreophilus . -  Euphorbiaceae - endemic - not coli. since 

Thwai t es 
Prunus ceylanica var. ceylanica - Rosaceae - 72 - endemic - not coll. 

since early 1900's, probably due to rapid deforestation 
Sangclisorba indicum - Rosaceae " .  60 - endemic - not coll, since 1886 
Toiypanthus gardneri - Loranthaceae - 69 - endemic - reported 1960; 

most original localities destroyed by agricultural activities 
Tylophora fasciculata - Asclepiadaceae - 43 - also in India .- not coll. 

since 1864 
Tylophora multiflora - Asclepiadaceae - 43 - also in India - not coll. 

si-~ce Thwaites 
Tylophora zeylanica - Asclepiadaceae - 44 - perhaps also in India - 

not coll. since Thwaites; may not exist at all now 
Vernonia gardneri var. brevior - Asteraceae - 23 - endemic - not coll. 

since Thwai tes 
Willugtbeia cirrhifera - Apocynaceae - 8 - endemic - now rare via 

forest destruction 
Wrightia puberula - Apocynaceae - 24 - endemic - not coll. since Thwaites 



APPENDIX E 

SOME EXOTIC PLANTS THAT SHOULD BE INTRODUCED 
TO SRI LANKA FOR TESTING AS NEW CROPS 

Richard E. S c h u l t e s  and Noel D.  Vietmeyer 

Caryocar  s p e c i e s .  The B r i t i s h  b o t a n i s t  who i n i t i a t e d  r u b b e r  growir:g 
i n  t h i s  p a r t  of t h e  world  promoted o i l  from Caryocar a s  much a s  h e  d l d  t h e  
riibber t r e e .  But Caryocar remain a  group of l i t t l e - k n o w n  t r e e s  growing 
w i l d  i n  t h e  Amazon r e g i o n .  They b e a r  l a r g e  q u a n t i t i e s  of o i l y  s e e d s  re -  
sembling B r a z i l  n u t s .  T e s t  p l a n t i n g ~  and s t u d i e s  i n  S r i  Lanka a r e  war ran ted .  

J e s s e n i a  po lycarpa .  N a t i v e  t o  t h e  Amazon r e g i o n s ,  t h i s  palm b e a r s  
e x t r a o r d i n a r i l y  l a r g e  bunches of f r u i t  w i t h  a n  o i l  s i m i l a r  t o  o l i v e  o i l  i n  
appearance ,  c o n t e n t ,  and q u a l i t y .  It i s  s o l d  a s  a n  e d i b l e  o i l  i n  Bogota, 
C o l ~ m b i a ,  b u t  i s  v i r t u a l l y  unknown t o  t h e  r e s t  of t h e  wor ld .  With t h e  
s k y r o c k e t i n g  c o s t  of o l i v e  o i l ,  t h e  t i m e  f o r  J e s s e n i a  d o m e s t i c a t i o n  i s  
f  h s  t approaching.  

J o j o b a  (Simmonds4a c h i n e n s i s ) .  T h i s  s u b t r o p i c a l ,  North American d e s e r t  
p l a n t  i s  unique i n  t h e v e g e t a b l e  kingdom: i t  s e c r e t e s  l i q u i d  wax i n  i t s  
s e e d s  i n s t e a d  of t h e  g l y c e r i d e  o i l s  s e c r e t e d  by o t h e r  p l a n t s .  L i q u i d  
waxes are i m p o r t a n t  i n  i n d u s t r y .  They a r e  d i - f f i c u l t  t o  s y n t h e s i z e ,  and 
t h e  o n l y  o t h e r  s o u r c e  1s t h e  sperm whale .  Development of j o j o b a  a s  a  crop 
might proviG.2 impor tan t  economic b e n e f i t s  t o  t h e  d r y  zone of S r l  Lanka. 
Tes t  p l a n t i n g s  a r e  war ran ted .  (A N a t i o n a l  Academy of S c i e n c e s  r e p o r t ,  
"Products  from J o j o b a .  A Promising New Crop f o r  Ar id  ~ a n d s , "  d e s c r i b i n g  
t h e  commercial impor tance  of j o j o b a  can  b e  o b t a i n e d ,  w i t h o u t  charge ,  from 
t h e  N a t i o n a l  Sc:ence 2 o u n c i l  of S r i  Lanka o r  from D r .  Noel V i e t ~ n e y e r ,  
Na t iona l  Academy of S c i e n c e s ,  2101 C o n s t i t u t i o n  Avenue, N . W . ,  Washington, 
D . C .  20418, V.S A . )  

Naran2 iP la  (Solanum q u i t o e n s e ) .  R e l a t e d  t o ,  b u t  wh0lJ.y u n i i k e ,  tomatoes,  
t h i s  d e s s e r t  f r u i t  i s  h i g h l y  esteemed i n  Peru ,  Colombia, Ecuador,  and 
Guatemala, b u t  i s  unknown i n  S r i  Lanka. I t s  d e l i c f o u s ,  r e f r e s h i n g  j u i c e  
could become p o p u l a r  i n  S r i  Lanka, where t h e  p l a n t  could  e a s i l y  f l o u r i s h  
a t  p roper  a l t i t u d e s .  



Other  Solanurn s p e c i e s .  I n  n o r t h w e s t e r n  South America, t h e r e  a r e  
t h r e e  l a r g e  t o m a t o - l i k e ,  t r o p i c a l - l o w l a n d  f r u i t s  t h a t  might be a p p r o p r i a t e  
f o r  S r i  Lanka. They a r e  Solanum t o p i r o ,  Solanum georgicum, and Solanum -- - --- 
a l i b i l e .  They a r e  h i g h  i n  v i t a m i n  3 r d  m i n e r a l  c o n t e n t .  Vi tamin-r ich i c e d  
d r i n k s  and jams a r e  p r e p a r e d  from t h e s e ,  e s p e c i a l l y  from Solanum t o p i r o ,  
t.it~ich i s  now be ing  commercially c u l t i v a t e d  i n  Colombia f o r  t h e  p r e p a r a t i o n  
cf j e l l i e s .  I t  i s  recommended ~ n l y  f o r  lcca;  marke t s  i n  S r i  Lanka, a s  i t  
i s  n o t  e a s i l y  t r a n s p o r t e d  o v e r  long  d i s t a n c e s ,  and i s  e a s i l y  grown i n  home 
pardens  and on s m a l l  farms.  M a t e r i a l  and i n f o r m a t i o n  are a v a i l a b l e  from 
I h e  Campant,- Frucc , C a l i ,  Colombia. 

P e j i b a y e  (Gui l i e lma  g a s l p a e s ) .  The c h e s t n u t - f l a v o u r e d  f r u i t  of  t h i s  
p a l m  i s  probab ly  t h e  b e s t  n u t r i t i o n a l l y  j a l a n c e d  of t r o p i c a l  f o o d s .  It con- 
t a l n s  c a r b o h y d r a t e s ,  p r o t e i n ,  o i l ,  m i n e r a l s ,  and v i t a m i n s .  S u i t e d  t o  t h e  
w e t  t r o p i c s ,  t h e  t r e e s ,  once e s t a b l i s h e d ,  r e q u i r e  l i t t l e  c a r e  and y i e l d  
r ~ c l l . .  They grow wide ly  i n  t h e  C e n t r a l  and South American t r o p i c s .  T e s t  
p l a n t i n g s  shou ld  d e f i n i t e l y  b e  made i n  S r i  Lanka. 

Leucaena l a t i s i l i q u a .  New v a r i e t i e s  of t h i s  n i t r o g e n - f i x i n g  leguminous 
pl .ant  developed a t  t h e  U n i v e r s i t y  of Hawaii have tremendous growth r a t e s  
and p r o d u c t i - v i t y .  Trees  a t t a i n  50 f e e t  i n  7 y e a r s .  The P h i l i p p i n e s  i s  
now beg inn ing  t o  e x p l o i t  t h e s e  v a r i e t i e s  on a v e r y  l a r g e  s c a l e  as energy 
p l a n t a t i o n s  t o  f u e l  steam-powered e l e c t r i c  g e n e r a t o r s ,  

Hawaiian Supersweet Corn S p e c i a l  v a r i e t i e s  of  c o r n  s u i t a b l e  f o r  
e r o w i G  i n  t h e  t r o p i c s  and w l t h  ex t remely  h i g h  s u g a r  c o n t e n t s  have been - 
developed.  They cou ld  become a  popula r  snack ,  s w e e t ,  o r  even food i n  
S r i  L,anka. 

Caryodend on o r i n o c e n s e  (Euphorbiaceae] .  T h i s  t r e e  y i e l d s  a l a r g e  
h a r v e z  o f  e d i b l e  and o i l - r i c h  s e e d s .  I n  South America, i t  i s  j u s t  be- 
g i n n i n g  t o  b e  d o m e s t i c a t e d ,  a l t h o u g h  l t  h a s  l o n g  been e-xploi ted froin w i l d  
s t a n d s  i n  t h e  Orinoco E a s i n  r e g i o n  of Colcribia and Venezuela.  The seeds 
a r e  r o a s t e d  b e f o r e  b e i ~ g  e a t e n ,  The o i l ,  a h i c h  i s  s t i l l  expressed  by 
c rude  methods,  f i n d s  l i m i - e d  s a l e  i r ,  Colombia f (,I u s e s  r a n g i n g  from c o o l c i ~ g  
t o  soap and c o s m e t i c s ,  

The t r e e ,  r e l a t i v e l y  f a s t  growing, caq s u c c e s s f u l l y  b e  grown on poor ,  
I d ~ e r i t i c  s o i l s  in h o t ,  humid t r o p i c s  (300 - 1 ,000  f e e r  a l t i t u d e ) ,  b u t  
w i l l  t o l e r a t e  a r e a s  where t h e r e  i s  a marked d r y  s e a s o n  of f ou r  months. 

Tnformation axid l i t e r a t u r e  on t h i s  p o t e n t i a l  new c rop  i s  a v a i l a b l e  
f~ om t h e  Departmento de  B o t a n i c a ,  Univers idad  de Nar ino,  P a s t o ,  Colombia; 
p l a n t i n g  m a t e r i a l  may be  s o l s c l t e d  from t h e  A g r i c u l t u r a l  E x ~ e r i m e n t  
S t a e i o n  a t  P a l m i r a ,  Colombia. 

P a s s i f l o r a  m o l l i s s i m a .  The f r u i t s  of several l i t t l e - k n o w n  h i g h l a n d  
(5,500 - 8,508 f t  ) s p e c i e s  of p a s s i o l ~  f r u i t s ,  e s p e c i a l l y  P a s s i f l o r a  
m o l l i s s i m a  9 p r o v i d e  a  f a v o u r i t e  and e x q u i s i t e  f r u i t  i n  Colombia and E c u ~ d s r ~  
where t h e y  a r e  known a s  curuba.  

The f r u i t  a r e  e longa te -ovo id ,  measur ing 7 by 3 i n c h e s .  Yellow when 
- i p e ,  t h e y  c o n t a i n  a n  orange j e l l y  w i t h  many embedded s e e d s .  The ptrlp 



i s  p r e s s e d  through a s i e v e  t o  s e p a r a t e  t h e  j e l l y  from t h e  s e e d s .  The j e l ~ y  
i s  made i n t o  jams, c a n d i e s  and s o r b e t e s  (mixed w i t h  m i l k  a s  a  d e l i c i o u s  
d r i n k ) ,  w i t h  a f l a v o u r  t h a t  can  b e  d e s c r i b e d  a s  a mix ture  of s t r a w b e r r i e s :  
p ineapp le ,  and bananas b u t  w i t h  a  s l i g h t  s u g g e s t i o n  of almonds. 

Most o f  t h e  f r u i t  comes from w i l d  p l a n t s ,  b u t  r e c e n t l y  some s e l e c t i o n  
work and s e v e r a l  s m a l l  p l a n t a t i o n s  have been i n i t i a t e d  i n  Bogota. A v i n e ,  
P a s s i f l o r a  m o l l i s s i m a ,  i s  grown i n  rows on s imple  w i r e  t L e l l i s e s .  

S r i  Lanka a l r e a d y  h a s  much e x p e r i e n c e  w i t h  p a s s i o n  f r u i t  p r o d u c t s .  b u t  
P a s s i f l o r a  m o l l i s s i m a  i s  a  h i g h l a n d  s p e c i e s ,  t h e  s o u r c e  of a new t a s t e  f o r  
f r u i t  j u i c e s ,  i c e  cream, j a m s ,  j e l l i e s ,  and c o n c e n t r a t e d  p u l p .  

I n f o r m a t i o n  and p l a n t  m a t e r i a l  may b e  s o l i c i t e d  from t h e  A g r i c u l t u r a l  
School o f  T i b a i t a t a ,  Colombia, and f rom c e r t a i n  commercial  f i r m s ,  e s p e c i a l l y  
Compania Fruco,  C a l i ,  Colombiar 

A ~ r a c a c i a  e s c u l e n t a  (TJmbel l i ferae) .  A new s t a r c h y  r o o t  f o r  l o c a l  food 
consumption could  b e  A r r a c a c i a  e s c u l e n t a ,  employed i n  t h e  Andean c o u n t r i e s  
i n  soups ,  p u r e e s ,  etc. Its m i n e r a l  c o n t e n t ,  though n o t  h i g h ,  i s  b e t t e r  than 
t h a t  of c a s s a v a  and most o t h e r  r o o t s  and t u b e r s .  Th i s  p l a n t  can be  c u l t i v a t e d  
i n  e q u a t o r i a l  r e g i o n s  from 5,000 - 9,000 fee: and h a s  numerous agronomic 
v a r i e t i e s ,  some of which mlghc b e  a d a p t a b l e  t o  S r i  Lanka. It i s  a  c rop  
admirably  a p p r o p r i a t e  f o r  s m a l l  home g a r d e n s ,  a l t h o u g h  i t  might  a l s o  b e  
produced commerciall-y i n  l a r g e r  h o l d i n g s .  



APPENDIX F 

THE PRODUCTION OF FERTILIZER FROM AQUATIC WEEDS 

Vic tor  E.  Dalpadado 

Developing coun t r i e s  a r e  gene ra l ly  s h o r t  of f o r e i g n  exchange f o r  deve,.op- 
ment and l a c k  raw m a t e r i a l s  f o r  t h e  product ion of convent ional  i n d u s t r i a i  
goods, However, they  i n v a r i a b l y  have almost un l imi ted  amounts of unsk i l l ed  
and semi-skill-ed manpower resources .  

Aquati-c weeds l i k e  Sal .vinia  and water  hyac in th  a r e  widespread i n  S r i  
a n k a e s  l a k e s  and waterways. Severa l  c o s t l y  a t tempts  have been made from 
t ime t o  time t o  e r a d i c a t e  them us ing  agrochemicals and manpower, a l l  ending 
i n  f a i l u r e .  The ques t ion  a r i s e s :  "Should t h e s e  a q u a t i c  weeds be continued 
t o  p r o l i f e r a t e  and spread unchecked? o r  Is i t  no t  b e t t e r  t o  consider  whether 
t hese  a q u a t i c s  can be converted t o  u s e f u l  produc.ts,  needed by t h e  country." 

A r t i f i c i a l  f e r t i . l i z e r s  a r e  i n  s h o r t  supply and ever  s i n c e  the  energy 
c r i s i s ,  p r i c e s  have soared.  The use of the  abundance of a q u a t i c  weed growth 
appears t o  o f f e r  a  s o l u t i o n  t o  t h i s  problem. For  by irsfng new methods and 
sinrpie technology, i.t can be made i n t o  r i c h  c:u~npcst manure, 

Through the  jud ic ious  co l lec t i .on  of weeds f o r  coniposting opera t ions ,  
u t i l i z i n g  0u.x l a r g e  unemployed manpower r e sou rces ,  t h e  p re sen t  ,unchecked 
growth of t hese  weeds could be soon brought under a  reasonable degree of 
coiatrol,  thus  avoiding the  dangers gene ra l ly  a t t r i b x t e d  t o  t h e i r  dense 
growth and spread,  

It ha.s been s u c c e s s f u l l y  demonstraced t h a t  t hese  weeds and o rgan ic  city 
garbage {Golt:mba has 400 - 500 tons  a  day)  make a very r i c h  cormpos~,, This  
compost no t  only suppl..ies t h e  n i t rogen ,  potassium, and phosphorous s f  
a r t f f i c i a i  f e r t i l i z e r s ,  b u t  a l s o  gene ra l ly  s u p p l i e s  t h e  o t h e r  pr imary elements 
l i k e  sl!.lp'nur, calcium, magnesium and micronut r ien t  elements such a s  boron, 
z i n c ,  molybdenum, manganese, copper,  c o b a l t ,  and isd, ine.  

A number of  seminars ,  t r a i n i n g  programmes on t h e  new method of compost- 
making from organic  garbage and weeds, have been conductied t h i s  yea t  a t  t he  
Plane Supply Nursery, Torr ington P lace ,  Colombo. The customary Indscr  Method 
of composting, which t akes  90 days t o  complete, has  been c u t  t o  14 days, 
using the  "wo rk-.studiedf' method c a l l e d  t h e  "Dalpadado Method. I' 

The c o n ~ ~ e r s i o n  of urban o rgac i c  garbage and a q u a t i c  weed i n t o  r i c h  com- 
pos t  manures where rhey a r e  used obviously s o l v e s  a  number of problems. It 
checks t h e  p re sen t  uncont ro l led  spread of t h e  weed, whi le  provid ing  g a i n f u l  
employnent t o  rsnemployed a t  cen t r e s  c l o s e  t o  t h e i r  own homes. 



The large scale use of compost manures at comparatively inexpensive 
prices will give a tremendous boost to the food drive efforts of the Govern. 
ment, and cushion the effects of the population/food collision, 

The implementation of an aquatic weeds collection and composting prs- 
gramme does not require much capital, especially foreign exchange. But when 
the programme gathers momentum, low-cost mechanization measures might be 
i~ltroduced . 

The following steps are proposed for setting up a programme almost 
immediately: 

(i) Organization of pools of unemployed labour for this work 
(ii) Conduct of training programmes for collection and composting. 
(iii) Posting such trained employees to selected Pilot Centres for 

compost manufacture. 
(iv) Organization of marketing facilities for manufactured products. 



APPENDIX 

GOLLAE3RATIVE POSSIBILITIES 

Norman R, Farnsworth  

U n t i l  nlore s u i t a b l e  arrangements  can  b e  made, i t  a p p e a r s  :hat ,  i n  t h e  
a r e a  of c h e m i s t r y ,  Ceylonese  sc ie r . ; i s t s  must r e l y  on f c r e i g n  scientists 
f o r  s o p h i s t i c a t e d  s p e c t r a l  d a t a .  While n o t  d e s i r a b l e ,  t h e  d e l a y s  encounte red  
by  his procedure  a r e  n o t  i m p o s s i b l e  t o  work w i t h ,  e s p e c i a l l y  d u r i n g  t h e  
i n i t i a l  s t a g e s  o f  submiss ion  of t h e  p r o p o s a l ,  where f o r  t h e  most p a r t ,  o n l y  
compounds of known s t r u c t u r e  w i l l  b e  encounte red .  Ceylonese  chemis t s  a r e  
ve ry  knowledgeable concern ing  t h e  l o c a t i o n  of s c i e n t i s t s  w i l l i n g  t o  cooper- 
a t e  i n  t h i s  r e s p e c t .  

With r e g a r d  t o  c o l l a b o r a t i v e  programmes i n  t h e  a r e a  of pharrnacologic 
t e s t i n g ,  I w i l l  a g r e e  t o  a c t  a s  a  r e s o u r c e  p e r s o n ,  on r e q u e s t ,  when L - a ~ i o u s  
t y p e s  of pbarmacol.ogi.ca1 t e s t i n g  a r e  r e q u i r e d .  k number of pharmacolog i s t s  
i_n my depar tment  would b e  w i l l . i n g  t o  c o l l a b o r a t e ,  e s p e c i a l l y  i n  t h e  ca rd io -  
-vascu. iar  , a n a l g e s i c ,  CNS , an t i - in f lammatory  , autonomi-c nervous  s y s  tern, and 
a n f i f e r t i l i t y  a r e a s ,  where we have on-going programmes. 

I t  may a l s o  b e  p o s s i b l e  t o  s u p p o r t  one p o s t - d o c t o r a l  n a t u r a l  p r o d u c t s  
c h e r c i s ~  f r o m  S r i  Lanka e v e r y  two y e a r s  (each f o r  a  two-year p e r i o d )  t o  work 
i n  Chicago on t h e  i s o l a t i o n  ~ n d  s t r u c t u r e - e l u c i d a t i o n  of anti-tumoz a g e n t s  
f r o m  p l a n t s ,  (Support  f o r  p o s t - d o ~ t o r a l  p e o p l e  cou ld  n o t  b e g i n  b e f o r e  
i.bri:h o f  1.977, s i n c e  a l l  a v a i l a b l e  p o s i t i o n s  a r e  f i l l e d  up t o  t h a t  t i m e , )  
F u r t h e r ,  i t  would b e  i n t e r e s t i n g  t o  e x p l o r e  t h e  p o s s i b i l i t y  of send ing  
g r a d u a t c  s t u d e n t s  from t h e  U n i v e r s i t y  of I l l i n o i s  t o  S r i  Lanka f o r  combined 
f j - e l d  work and l a b o r a t o r y  e x p e r i e n c e .  F i n a n c i a l  s u p p o r t  f o r  some g r a 2 u a t e  
si :udents from S r i  Lanka who m e e t  t h e  e n t r a n c e  r e q u i r e m e n t s  of t h e  Graduate  
College of t h e  U n i v e r s i t y  of I l l i n o i s  could  b e  expec ted .  

Ln a d d i t i o n ,  I w i l l  b e  w i l l i n g ,  on r e q u e s t ,  t o  a c t  a s  a r e s o u r c e  p e r s o n  
f o r  adi7fce on i n s t i t u t i o n s  i n  t h e  U.S.A., where s u p p o r t  m i g h ~  be  a v a i k b l e  
far gradua te  s t u d e n t s  and /or  p o s t - d o c t o r a l  s c i e n t i s t s  i n  t h e  U . S . A . ,  de-. 
pending on i n d i v i d u a l  i n t e r e s t s .  1nformatio:i concern ing  t h e  a v a i l a b i l i t y  
of stapport f o r  g r a d u a t e  s t u d e n t s  and p o s t - d o c t o r a l  s c i e n t i s t s  c a n  a l s o  be  
given f o r  c o u n t r i e s  o t h e r  t h a n  t h e  U.S.A., shou ld  such  i n f o r m t i o . n  be 
a v a i l a b l e  a t  t h e  t i m e  of i n q u i r y .  

F i n a l l . y ,  i f  r e q u e s t e d  by Ceylonese s c i e n t i s t s ,  1 w i l l  be wi l i in lg  t o  
b r i n g  the  m a t t e r  of c o l l a b o r a t i o n  on s p e c i f i c  p r o j e c t s ,  need f o r  j o u r n a l  
s u b s c r i p t 2 o n  g i f t s ,  e t c . ,  t o  t h e  a t t e n t i o n  of t h e  Execu t ive  Committee of 



t h e  American S o c i e t y  of Pharmacognosy (ASP) i f  s p e c i f i c  needs  and d e t a i l s  
can b e  p rov ided .  There  i s  a l r e a d y  some s u p p o r t  t o  s c i e n t i s t s  having problems 
w i t h  f o r e i g n  c u r r e n c y  by members of t h e  ASP, and perhaps  a n  o r g a n i s e d  
e f f o r t  i n  t h i s  d i r e c t i o n  w i l l  be b e n e f i c i a l .  
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