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Preface

This report is the product of a Workshop jointly sponsored by the
National Science Council 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 neatural products, that
are realistic for Sri Lanka, and that can significantly contribute to the
nation's economic and scientific development.

Sri Lanka is ideally suited for exploiting pliants. It has warm
temperature year-round, ample rainfall and sunlight, and a range of cli-
matic zones and altitudes. A century ago, several tropical plants were
jntroduced 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 most 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 Lanka's universities 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 Working 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 time the Workshop took place.

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

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



natural products research in progress in Sri Lanka was prepared by the
Nationai Science Council,® and during the Workshop the Americaii delegates
conducted brief seminars on new crop plants that are being explcited in
ocher parts of the tropics and on plant products in chronic short supply
in world markets.

But the crux of the Workshop was three days of joint working sessiors
by four separate working groups covering: a) Underutilized Food Crops;

b) Plant-Derived Industrial Products; c) Essential Oils and Spices; and
d) Medicinal Plants and Plant-Derived Pharmaceuticals. The conclusions
of each working group were presented to the Workshop plenary sessions for
comment and criticism.

This final report is the edited collection of the drafts from the
working groups. together with general conclusions developed by the Workshop
participants at plenary sessions. The report is written especially for
those who will be making decisions for economic development for Sri Lanka.
It presents some ideas that, within the wisdom and experience of some
sixty Workshop participants, represent sound, practical alternatives or
supplements to existing programmes.

The Workshop participants visited the Peradeniya Botanical Gardens;
the University of Sri Lanka, Peradeniva Campus; the Medical Research in-
stzitute; the Ceylon Institute of Scientific and Industrial Research; and
¥ ~ralia Ltd. Some members of the American delegation visited the Coconut
vmsearch Institute, Lunuwila; The Rubber Research Institute, Agalawatte;
the Bandaranaike Memorial Ayurvedic Research Institute; the Fisheries Re-
search Station; a cinnamon plantation; and the University of Sri Lanka,
Coloubo Campus.

The sponsors wish to thank the Government of Sri Lanka and the U.S.
Agency for International Development (Technical Assistance Burzau, Office
of Science and Technology) for their financial support. The Workshop
parixcipancs thank their kind hosts at all institutions visited, U.S.
Ambassador H. E. Christopher Van Hollen, the National Science Council, and
Floralia Ltd. for evening receptions, and the Ceylon Government Marketing
Department, Lever Brothers Ltd., and Mackwoods Ltd. for gifts of samples
of their products and mementos to the American delegates.

Recognition and thanks are also due to the many individuals whe con—
¢’k ted long hours and dedicated effort to the Workshop, especially to
Zhe Workshop Steering Committee and the Workshop Secretariat drawn from
the Natcional Sciernce Council of Sri TLanka and the Ceylon Institute of
S2ientific and Industrial Research.

Workshop Steering Committee

Professor B. A, Abeywickrema Dr. G. C. N. Jayasurivya
Dr. Seetha Rodrigo (Coordinating Mr. A. E. K. Tisseverasinghe
Secretary for Sri Lanka) Professor G. P. Wannigama

br. R. 0. B. Wijesekera (Leader of the Sri Lanka Participants)

3ee Appendix B, Documentation, Workshop on Natural Products.
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CHAPTER I

INTRODUCTION

Sri Lanka’s economy rests mainly on tea, rubber, and coconui. It is a
very tenuous foundation. Reliance on a small number of plants carries great
risk, for monocultures are vulnerable to catastrophic failure caused by
disease, by variations in climate, or by changing world market conditions.
In the past, other countries have been plagued by diseases that have totally
destroyed coconut and rubber crops. Growing air traffic between Sri Lanka
and other nations increases the probability that new diseases will be in-—
advertently introduced.

Sri Lanka must seek to exploit other plants——for food at home and for
markets abroad. Fortunately, because the island has one of the world's
best climates for plant growing-—-warm and sunny vear-round and a range of
rainfal! zones, aititudes, and soils---plant products can continue to be a
mainstay of the nation's econmomy. But diversification must be encouvaged.

To help the economy and to feed, clothe, and house a rapidly increasing
population, it is time to consider plant species that heretofore have been
little known, under-exploited, or negilected in Sri Lanka.

The apparent advantages of the plants that are widely cultivated in
Sri Lanka over those that are not, often result only from the disproportion—
ate research attention they have received. Many species that could be im-—
portant for the country’'s economy were disregarded during the colonial era,
when consumer demands in Great Britian and among local British residents
largely determined local agricultural research priorities. The selected
crops——such as rubber, coconut, tea—-—received much research attention. Even
after independence, the pattern of concentrating on a few crops changed
little, Markets abroad were already established and the country needed
foreign exchange.

Because of this, the local potential of many crops has not been fully
explored. (A striking case is Dambala, Psophocarpus tetragonolobus. This
native plant, virtually unstudied in Sri T.anka, promises to be one of the
most productive plant—protein sources in the tropics.) There is an urgent
need for researchers to become acquainted with Sri Lanka's plant life.
Important new products--oils, gums, and waxes; proteins for food and feed;
compounds of industrial and medicinal importance; and chemicals for insec-
ticides~-are likely to resulct.

The variety of Sri Lanka's plant species is impressive. There are re-
corded over 3,300 flowering plant species in about 1,300 genera and 172




families. Contained among them may be a wealth of new products. In deciding
upon the votential of each, it is not enough to consider solely traditional
needs and markets. New raw materials will be required in the future.
Changing conditions are already creating demands for new products from pre-
viously underexploited plants; more will be needed as pressures increase for
the exploitation of renewable resources.

Innovations in transportation have made it feasible to transport
perishable products around the world.

Affluence in certain parts of the world has increased both the
consumer's ability to pay for special items and his desire for
new products such as rare spices, fruits, fragrances, cut flowers,
and other luxuries.

Sri Lanka's burgeoning population and continued poverty are in-
creasing the need for highly productive food plants and for hardy
species that can be grown in currently unused marginal land.

Improved scientific knowledge has created demands for new specialized
plant products, including unsaturated fats, low-calorie sweeteners,
and biodegradable pesticides.

New industrial processes have stimulated the need for larger supplies
of materials such as elastomers, lubricating oils, drug precursors,
and waxes.

Plants grown in Sri Lanka could meet many of these demands.



CHAPTFR il

RECOMMENDATIONS

Later chapters recommend almost forcy plants (or planc—-derived pro-
ducts) that, because of their potential for Svi Lanka, warrant greater use
oy greater attention from researchzrs A selection of nine, that in the
judgment of the Workshop deserve the highest priority, are summarised in
this chapter, along with general reccmmendations cn science for Sri Lanka's
{nture,

PROJECTS FOR IMMEDIATE IMPLEMENTATION

Pastures Ur.der Coconuts

Sri Lapnka's pionee~ing work om 7 -~ : omping of pascures with ccconuts
is now being applied =.s52.,r" in As:~ . ‘%2 Facific, and in the Caribbean.
But i: has been 1li .cie adop-~1 . Zri Tanka itseif. Piarting pasture in
coconut piantati s shoula be mua. * in_reaced. Ic wiii have major impact

vy
on the nation's milk and mezt supp. .25. w: "1 iuacreasc farm income, and will
improve stability in the coconu: Industry. A network of nurseries to pro-

duce and distribute pasture-cutfings . cocoL.:. tarmers s recommended.

Intercro pung Und Coccrurz

Using the coconut pleaataticn land to grew e cecond crop could produce
food, increase foreign exchange, and oxpand <mp ..yment in rural areas.
This intensive agricuiture v .o 1ires ca =ic. 2 .. management, but the Coconut
Research Institute has completed tie necessary *. als and has found success—
ful methods. Their procedures shouic¢ he excvended to the whole coconut
farming community.

Passion Fovit
There is large demend for passizu f o't products in world markets.,

However, improvements in horticul:iure znd .. processing are indispensable
if Sri Lanka is to capilzaiize on ur¥~ domard.



-4 -

Floriculture

A number of tropical countries (Colombia, Brazil, Ivory Coast, Israel,
and Singapore, for example) are now cashing in on the enormously lucrative
export of fresh flowers to Europe, North America, and Japan. The Inter-
national Bank for Reconstruction and Development (World Bank) has given
loans for such ventures. Sri Lanka should explore the potential for large-
scale production of saleable flowers for air shipment to Europe, the
Middle East, Hong Kong, or Japan.

Kenaf

This quick-growing, tall-stemmed herb produces a very high quality
fibre for use in textiles or paper. Recently, its agronomy and the tech-
nology for paper production has been worked out by the U.S. Department
of Agriculture. A decade ago agronomic trials showed that it grows well
in Sri Lanka.

Citronella

Although "Ceylon'" citronella is not in high demand, the 'Java" type,
little grown in Sri Lanka, is highly valued by the international fragrance
industry. A task force of researchers and commercial interests is needed
to develop jointly this latter type into a marketable product in Sri Lanka.
The returns in foreign exchange might be substantial.

Lemongrass 0il

There is a growing demand by industry for citral, the major ingredient
of lemongrass oil, a demand that is likely to continue for at least a
decade. Increased production could yield important foreign exchange
earnings for Sri Lanka.

Patchouli 0il

This oil is a standard component of many fragrances and, although
substitutes have often been tried, none have been found satisfactory.
Continued demand for this oil appears certain, and it offers a potentially
profitable opportunity for Sri Lanka. If a continuing supply of good-
quality patchouli oil can be guaranteed, contracts from large-volume users
for long~term purchases are likely to be forthcoming.



Vetiver 0il

~n 9.1 frowm vetiv- ro -t is the basis for many Iragra..2s. Almost
: i zom "nies use it. Though the vetiver plant s native
, 2t wa _.lz2r countries such es Haitd =2nd Xéunicn that exploit
. Aa ...tli «ro._age now exists and vetivar could be produced

i el L. LAtw2er. 2z or coconub ir Sri Lawnka. Increased production
sul B0 0 1 Lan v 0 ng showtd be fostered-

THE {4FO?TANCE OF RTUSEARCH

ot Zerm. SPop-fap measures are not the answer to rche long-rerm
. ‘ Lanks eud 1tz quoct for eccnomic stapi.ity aand IZnde-
oo e T le oo’ il that any developing ¢ow.try can teccme strong

© . w. # 0 e 3% bawcuce of scientific ve _acch  development of mew pro-

S ~ o d cevn s tlon of zec uvsogy e . wiOV aiiow Tt owo _«ist in o3

oL - Cve worad. 1oL bLanka oo - 2l
~: noshop meErcels urge <lat serinus o 3 e ation b2 given <o the

P oE L e L . plhed sl emil rec- _ 1 ir >-i Lanka, especieliy

= e, i .l .7 _ac¢f uetwral 3o..... . on wnlcn the couniyy velies
-y . omoer of vesea. .l pro,2cis ard iesearcl éveas are suggested
’ s teet o oo t. Pro.pusa s Tike foi . st 0ot be negiected
‘.ot ey and guow.
j I F 7 ’:;’Af a An
. CERS g 0odas wae 7wy oy O L e L ¢ Libuery
TR T O i L TEC Gl . Lot. s a1 Loc.s dn
: U £ They we 1 itk Lo STit fic 7 ... ¢ bscyiptions

o~e s for wesear ta and tech. lcal 1l caries have
" 1 or~s, “heretfnve, for

T S o T FARSYItY: > 20O duily - as Deeil
: : . L T.os ¢.a "¢ 2 .onue 1. ionger
. coal e T Lodee .o oge ot lun ¢foE » know-

i ;1 pifly beiome oo of cate .o Ghe, wi. sou. 1..e touch

The e o o *hia dual~ s east.e o3 a ge ently the decire by
. S TR B VT S I ] Ces gt v S ~ugn 2Us 02y, wad Che penalty

Yo &L .. Tevieglois .. 2me [, high ww 1 =2 si¢vus o e zaken to solve

U VI S RO | T <R SO Trowol e The visiting
U -y S U U IR PR U SN0 SV SR R _ . Lanke make
o o oo mets and boLes 2o Salt L oey als CLe Sovermment
R alscvipt o L an o oe
I NE Sri fenka cew oo o £f o4 to subscril : o
- T,z ~ group slgges:s Nt lote. sclentists cou-act the

. sries p- lisi g s Journails (United bLtates
S T, Lhe o Fingdon, Waet Germauy, Switzovriand, Scandinavia,
oo o vao 3y e gih lisis of rhe mooi useful Journals and books




pwoiiched in their couniries. The proper Ceylonese auzhorities should
asic these foreign governments co donate the Sournals .5 zn “r-opriace
1r.rery, which would then make them available to all re_evant Ceylcrese
‘nstitutions. This would be an appeal to internationa. chariiy, proba. Ly
@0t the most desirable alternative, but an improvement over the present
situarion, which has already caused damage and will cause irreparabie

o rogression 1if alliowed to persist.

The Workshop participants'were encouraged to learn of one posicive
step to help the literature situation. A proposal for che estabiishment
of a National Scientific and Technological Information Certre hac been
submitted to the government. Tt is hoped that it will be funded.

This Centre wili establish a central documentation and information
cervice, which will also liak the existing information resources. The
penefiis of the project should be that all information rescurces available
in the country will be used to the fullest extent. In tche long-verm, it
1¢ hoved that this Centre can cooperate with nationai documentation cenires
.7 other nations.

‘he Centre initially will operate through the Necionai Scierce Council.
A vhazed programme of preliminary operations for 1975 .- 1978 has been
prepared, recruitment of staff is compiete. and =he work programme as
a .c2ady been initiaced.

The Worksnop wholeheartedly endcrses this project.

CENTRAL TABORATORY FOR SCIENTITIC INSTRUMENTATTON

£ . lauka’'s scizvfsts have long fel' . 1.2d fui o Jewnc a” i worTalory
for o:fenzific Trstrumentation. The concep: as proposec over a decade
57 @8 a means tol &, incvease efflcilency of ivstrume: : usfiization: and
b centraiise venair =nd maintenance facili ifes. “t »s proposed then that

@ ce.relised 1.strument facility be desigred to serve the needs of =11
~search “ustitutions and universities in the island and pe administered
forovgh the National Science Council. The Worzshop recognises the need
for s2h & Zacility and understands that the National Sciernce Council has
a.ceady taken i- 'tial steps towards its installztion.

High priority must be given to this proposal.

A UROPCSAL FOR A SRI LANKA INTERNATIONAL CHEMISTRY PROCRAMME . SLICHEM)

Tne interpationa’. scientific community is increasingly worvried by the

gep between sclentists in the developed and developing world. 313 Lanka

> a prime examp.e of the serious consecuences resulting Irom the isolation
of scientists from their colleagues, from service facilities, and from the
‘iteracture. Sri Lanka hae highly trained scientists and it has bulldings
construczed for research and teaching. But both szre underurilized. The

‘cct cause of this is the difficulty fn obtaining foreign exchange.

Chemists working in natural products are among the scientists hardest hit.
‘tuation could be corrected by a novel project that provoses organizing
chewical =ocieties in a number of count-ies into a cooperative programme

L >



aimed at supporting chemical research in Sri Lanka. In thie project each
chemical society would provide funds for scientific equipment produced in
their countries and would provide travel funds for one of their leading
natural-products chemists to work in a continuing collaborative research
with Ceylonese chemists in the existing university campus and research
institutions like the Ceylon Institute of Scientific and Industrial Research.
Without any expenditure of Sri Lanka's foreign exchange reserves, this
programme would help bring to-the island the equipment and facilities that
the scientific community needs so desperately. It would decrease the is-
olation Ceylonese scientists now feel, for it would bring in a continuous
stream of the world' s finest natural-products chemists. Their impact on
the Sri Lanka future development is inestimable. Finally., it would perhaps
help to hold back the brain-drain pressures that are forcing Ceylonese
scientists to seek fulfillment in the better--equipped laboratories abroad.
This proposal is detailed in a companion report.

PRESERVATION OF PLANT GERM PLASM

A massive effor:t is needed to ensure the suvvival of endangered plant
species throughout Sri Lanka. Wanton destructior of natural vegetation
is killing many, but th=s relentless spread of conventional agriculture
displaces and destroys marny others. Preservation of endangered and threatened
species of plants in their native habitat is the best method of ensuring their
survival and should be adopted. Cultivation or artificial propagaticn of
these species should be used only as a last resort when extinction appears
certain, and then with the intention of reestablishing the species in its
natural habitat.

Hevitat preservation must be given the highest pricvity in all conser-
vation activities. but particularly when dealing with endangered species.
Otherwise, potentiai breeding stocks. clones, and cultivars could become
extinct.

To this end, the botanic gardens and field stations must also be pre-
served. The nation's native flora resources are too vital to its economic
development to allow any of the existing collections to be lost.



CHAPTER IIT

UNDERUTILIZED FOOD CROPS

{

Several agricultural projects relacing to food deserve urgent govern-
mer:t attenticn. The following nave been identified as having high priority:
Pasture under coconut
Intercropping under coconut
Passion fruit
Limes
Mani.oc
Dambala
Sweet potaco
Kidaran
Kandala

<

e .

PASTURE UNDZR CGIONUT

The unavailabiiicy of suitable land is a se: s wus factor cnar limits
food oroduction in Sri Lanka; most of the island’s arable land is now used.
However, there are approximately 1.2 miilion acres of coconuts, and using
the i=ud bezween the paims for additional crops would make about 1,000,000
addi :iouna. acres avaiiable for agriculture. If improved pasture and dairy
catiie can be introduced to the small coconut holdings, increased production
of meat, milk and stuner foods would vesult, and much foreigi exchange could
be saved. Sri Lanka’s Coconut Research Institute +CRI) has pioneered the
development of pasture under coconut. Through its efforts, world attention
has been focused on the potential of coconut lands to produce milk and meat,
and increase farm income. CRI also was the first to iecognize the importance
of the pasture grass Brachiaria miliif.srinis (Cori grass) aad to report to
the worid its potential as a pasture plant. Using the CRI research, coconut-
growing countries elsewnere in Asia, in the Pacific islands, and in the
Caribbean have grown some Cori grass. But unfortunateliy the research results
have not been widely adopted in Sri Lanka itself.

This situation should no:t continue. A large percentage of the total
cattle population is already raised on unimproved ‘'matural' pastures under
“he paims. Much greater production could be achieved if CRI's results
with pasture intercropping were wideiy applied.

The ingredients for a programme thaz can be implemeiited immediately are

- 8 -



at hand: there is a significant cattle population already present; the re-
search work has been done; and Colombo's markets for both milk and meat are
close to the Coconut Triangle.

The government's policy of providing subsidies for planting improved
pastures is commendable. The need now is to find mechanisms that will
accelerate the programme and its adoption. The Workshop recommends the
following procedure:

Cori grass nurseries should be established. One acre of nursery should
be established for every 200 acres of pasture to be developed. Enough cut- -
tings from the nursery should be made available to farmers (without charge)
so that they could plant one dcre on their farms. Cori grass grows
tapidiy and can be grazed six to eight weeks after planting, so there will
be little loss of feed during the changeover.

From his first acre, the farmer could harvest his own Cori grass to
piant in other areas. The programme must include an extension phase to
emphasize to farmers that this improved pasture will produce better feed
for their animals and greater income.

The new pastures will require nitrogenous fertilizer; such nitrogen can
come : _om commercial fertilizers, but a better method is to grow a legume
tha: fixes nitrogen from air. The legume of choice for growing in combin-
avien with Cori grass is Centro (Centrosema pubescens). Centro reproduces
from seed, and the seed is available locally, however, increased seed pro-
duction may be required. Another possible legume is Leucaena latisiliqua
{formerly L. leucocephala or L. glauca), which can fix large amounts of
nitrogen. Very productive varieties have now been developed at the Univer-
sity of Hawaii: seed is being exported in large quantities to the Philippines.

The CRI has worked out the techniques for growing high-quality pasture
..der =zcconuts. It can provide technical advice on planting and menaging
thie pas ires :. d on obtaining or growing CTentro seeds; it car also provide
Cori grass pnlanting materials. No fcreign technical assistance is required.
fxcept for a possible shortage of Centro seeds and fertilizers, all of the
ingredients for this programme are available in Sri Lanka.

This project should be coordinated with the farm demonstration programme
on. intarcropping that is now being conducted by the CRI in the three sub-
zones of the Coconut Triangie. This programme could be rapidly implemented
~:u several hundred thousand acres of coconut lands. However, careful
rhasing will be needed to keep it manageable. This project should provide
much~improved feed, stabilize the livestock industry, and increase production
of livestock products. It will bring an increased milk supply for Colombo
and the nation; obvious nutritional benefits will result.

In addition, the project will also increase farm income and bring
gveat .. stability to the coconut industry. Farm labour utilization will also
improve.

INTERCROPPING UNDER COCONUT

Ar accelerated programme of growing crops other than pastures on coconut
lands would also be important for Sri Lanka. For local use or export, food
nlante, essential oil-bearing plants, medicinal plants, or industrial crops
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can all be grown on the land between the palms. This is especially important
fcr the following reasons:

1. The CRI, a world leader in growing crops in conjunciion with
coconuts, has developed methods that can be implemented im-
mediately.

2. Coconut lands have high rainfall, need no irrigation and are
close to markets and transportation.

3. Some form of ground cover is needed to control weeds in any

case; it may as well be productive.

Many of the plants mentioned in this report can be grown as an inter-
crop with coconut palms, for example, passion fruit, limes, manioc, vege—
tables, patchouli, vetiver, spices, and many medicinal plants.

The CRi has much experience with interplanting these and other crops
between coconuts. Their research now gives the government a system of
intensified agricultural management that capitalizes on the tropical en-
vironment of Szi Lanka, that will produce food and export income, that will
improve land use, and that will provide increased rural employment.

The government should provide funds o ensure that all available in-
formation from the CRI is mobiiized and put to use. Little or no technical
assistance from other nations should be required.

If funds are required, the International Bank for Reconstruction and
Jeveiopment (World Bank} should be approached for help. TIntercropping of
coconuts appears & profitable proposition.

This programme should be implemented quickly. It must be coordinated
with the previously discussed improved pasture programme. Indeed, the two
are complementary. Since intercropped lands will no longer be available
for grazing, impioved pas-uves will be needed to support the displiaced
animals. However, in some locations a triple cropping system—-coconuts,
pasture, as well as a food or cash cvop--could be profitably implemented.)

Intercropping will require increased use of fertilizer, notahly nitrogen.
phosphorus, and potassium. Wherever feasible, nitrogen should be obtained
by using leguminous plants; phosphorus can be obtained from local rock
phosphate deposits.

PASSTON FRUIT

Sri Lanka's passion fruit juice export indusiyy has been developed to
its present level in only three years; it is now earning approximately
Rs. 3,000,000 in foreign exchange annually. But there is increasing demand
for more sophisticated equipment and additional products for export markets.
A strong impact has already been made by Sri Lanka passion fruit juice in
world markets and this may 52 attributed to the inherent high flavour of
Passiflora edulis grown in Sri Lanka and to the thermal processing technology
already l.veloped hera. It is estimated that an expori market of at least
Rg. 10,000,000 is available to Sri Lanka from passion fruit. However, the
economics of frult processiung depend on the yield of juice per acre. Im-
proved houticulture and processing are essential if the industry is to expand
and to compete in foreign markets. With only minor improvements in quality,
and with the introduction of new products, (especially those that reduce
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freight costs), this industry could expect to be a major and stable foreign
exchange earner for Sri Lanka.

Horticultural research must be started immediately. The investigations
most needed are ones that would:

1. Select stock having desirable agricultural characteristics
{such as disease resistance and high yield) and with desirable
processing characteristics (such as peel thickness, juice yield,
acidity, total solids, carotenoids in the juice, etc.);

Improve disease and pest control;

3, Improve agricultural practices (spacings, trellising, etc.).

The high acidity of the natural juice simplifies thermal processing but
passisn fruit contains free starch that makes processing difficult. Con-
centrating the juice (by vacuum evapcration and by freeze drying) urgently
requires study.

The Horticultural Section of the Department of Agriculture and the
Department for Development of Marketing need more technical personnel to
help solve the problems facing the passion fruit industry. In particular
a horticulfurist and a plant pathologist should be put to work on passion
fruit full time (perhaps for as many as four years). To improve the pro-
cessing of passion fruit will require an analytical chemist and a food
technologist working om anaiytical and pilot plant processing. This must
be done in close collaboration with the horticulture work. New analytical
instruments and pilot plant machinery may be needed. Such equipment need
nct be used exciusively for passion fruit-—it could be useful for investi-
gating other economically promising fruits.

N

LIMES

A .ready wideiy grown on the isldnd, limes appear to be a most promising
frult that can be increasingly exploited with relatively littie capital
sxpenditure. A lime industry could earn much foreign exchange (estimated
at over Rs. 1,000,000 annually) while benefiting local fruit cuitivators
and consumers by stabilizing lime prices, which are currently fluctuating.

it is estimated that at least 9,500 acres of lime trees row exist in
Sci Lanka and that over 20,000 tons of limes are marketed annually. But
the low price realized for the fruit (particularly during the harvest
season) means that large quantities of limes remain unharvestec.

Nevertheless, =his large acreage and sizable home market is a good
starc roward developing an export industry. To produce limes for export
may -~ initially require new plantations. The fruit can probably be ob-
tained by increasing production from existing orchards through better
agricultural practicee.

Research investigations conducted in Sri Lanka indicate that limes are
free of the diseases that affect other citrus fruit; they store well and
could be exported as fresh fruit to overseas markets. To capitalize ¢n
this woteatial, research into horticulture, processing and marketing -
needed.

Horticulturai - rk must begin with a survey of lime cultivation in
Sri Lanka to ascertain the extent and location of growing areas, anc the
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varietal characteristics of the fruit (per acre yield of fruit and juice,
Juice gquality, as well as the yield and quality of lime oil). The intro-
duction and seiection of superior varieties of limes and the establishment
of nurseries and extension service can follow.

fustrated in Figure 1. Investigations are needed to analyse the juice and
the lime oil. Pilo:z plant studies concerned with processing of the juice

{by methods such as thermal sterilization, freeze concentration, dehydration,
distillation, etc.) can be done after these investigations. Based on the
pilot results, factories couid be established to produce the lime products
warzanted. Post-harvesi behaviour of fruit, including cold storage and con~
trolled atmosphere storage, should be studied. ¥Finally, if justified, actual
rrial shipments should be made to prospective markets.

Marketing investigations in Europe. North America. Japan and other
countries should be initiated eariy. Statistics of the trade in lime juice
products (straight juice, concentrate, frozer ‘uice and powder); and lime
cil products, including prices in the wholesale and retail trade, should be
gathered. Other data will aiso be needed. This wiil iInclude information
apout packaging of the products in relation to the prospective markets and
on rvegulations concerning the import and export -f the commodities.

MANTOC {CASSAVA)

Manioc is an irexpensive source of food and industrial starch. It is
eady grown on a wide scale {(about 150 000 acres) in Sri Lanka. Manioce
yo2id . vary widely L _t have been measured .p to 5 zons per acre in Sri Lanka;

ext.ec.omenial ploize nave yielded up to 10 teoe ner acre. However, given
pro o ro.re. good c. tivars have yieldaed 40~50 toms per acre in other coun-
tiles. More itesearch on cuitivars and fertilizers s needed to bring Sri
Lanka’'s average yields up to those in other parits of the world.

If yields car be increased, surpluses can probably be exported. Manioc
s.ercit is a major catrle feed in Germany and cther Eutrnpean countries, and
Thaiiand slready capitalizes extensively o7 this demand. The Thai experi-
ence could providsz an important model for Sri Lanka.

Manioc conic...3 @ cyanogenic glycoside, which is toxic because it is a
cpurce of cyanide. Although the traditional cooking method (boiling the
freshk tuvbers) daotoxilies manioc, this method cannot be relied on 1f the pro~-
duct 1s to be zonsumed more extensively, especially if consumption of manioc
is high while oroitein incake s low.

it follows, then, that manioc should be processed to remove the cyano-
ge' .« glycoside. Fortunziely. the CISIR has developed an inexpensive method
for strh extractiosn. A small drying unit (2,000 1bs of fresh manioc per
day) nas been designed tn be “ocated in the growing area. It uses the sun
Tis cad of an oven for most of the drying. 7This detoxified manioc flour
= i o2 incovporated into bread (at least up *o 10 pevcent of the wheat flour),
v .o ~ouid heip the island reduce its wheat imports. This process should

* A Process for Improved Manioc Chip and Ficur - available from the Library,
TISTIR, Pro

i A8 L // =



13 -

18207

ysaijg peOaIgE
se ysaaJ sp
- uoridunsupn
ST Td
UT309g
waa 110
pP3Tpue) SWTIT
uoIIBIAD
-3Taysx 1epun
peddriys =03
—-ans I10/pue
po3y8Teiy 11V
JoaBW |
1INz 1994
ysoig
ITNIJ ysaijg
SB 9Sn 104 3urssevoag

"(S®TTIV "0 'V

peT330q
TeIpi0o)
90In{
usz01g
I9pmog
PoTiQ
Eh)saly
PToE °oTn( 1y3TeI3g
OTIITD Pe3BIIUIDUOY
20Tmp
T HINOTA

*1y Aq porTddns ucTiBWIOIUT) SOWTT WOIF S3IONPOIJ TBTIUII04



- 14 -

be adopted and widely implemented by the Department of Small Industries, the
Industrial Development Board, and individual District Developmernt Councils.

Fresh manioc tubers can be stored for a few days, but after that they
cannot be used for human consumption. This causes great problems for manioc
growers. However, the dried chip and flour from the CISIR process can be
stored for weeks and for even longer if protected against insects.

Some Uses of Manioc Products Are

Type Potential demand
in Sri Lanka

Industrial grade
(Flour or Chip): Cotton warp sizing 1,000 tons
Plywood glue filler 300 tons
Commercial glucose
Low-quality adhesives

Purified flour or Starch:
Textile finishing 400 tous
Dextrins and adhesives

Starch:
Modified starches
Dextrins and adhesives

Edible grade (flour):
Bread 10,000 tons rising
to 45,000 cvoas

DAMBALA

Fifty vears ago, soya bean was an Asian crop much used in China, Japan
and the Far East but little known elsewhere. Since then, research has made
it a principal crop plant of the world. Dambala (Psophocarpus tetragonolobus)
seems to have characteristics that could turn into Sri Lanka's own ''soya
bean."

It has recently been discovered that the composition of Dambala seeds
is identical to that of soya beans. They have 17 - 20 percent oil; soya
beans have 20 percent. Dambala seeds have 34 - 37 percent protein, the
same as soya beans; Dambala seed protein contains the same amino acids as
soya bean protein.

Normally, oniy the seeds of soya beans are eaten or utilized, but the
tender pods of Dambala are deiicious and are widely consumed in Sri Lanka.
The leaves and shoots make a nutritious green vegetable. The stems make a
very good animal feed. Even the flowers can be eaten. In Burma, they are




- 15 -

used in salads; in Papua New Guinea they are fried and are reported to taste
lika mushrooms. A most important difference between Dambala and soya bearn is
that some Dambala varieties produce a fleshy tuber similar to a potato. It
tastes like potato but contains 20 percent protein, which is 20 times the
protein content of manioc and ten times the protein of potatoes, yams and
other edihle root crops.

Soyz :ans contain anti--nutrition factors and therefore must be heated
or fermentzd before they are safe to eat. Dambala seeds also must be thor-
cughly ccoked before eating. But all in all, Dambala is more versatile than
soya beans.

A few rarieties of Dambala tested give a low yield of tubers (1-Z tons
per acre). bu- the yield of seed have been measured at 2,00C pound: per acre,
about thz same as the normal yield of soya beans in the tropics. But Dambala
must be compared to soya bean of 50 years ago. No research has yet been
condu~i~31, but the future promises greatly increased yields.

Sri Lanka is the westernmost limit of the natural range for Daubalia.

New Sui.ez is its easternmost limit. In between, it grows in Indonesia,
Malaysia, Thailand,K Burma, and the Philippines. Papua New Guinea has some
varie '‘es that yield two foot long pods. The tuber-producing varieties are
found also in Burma.

Dambala is a legume that fixes nitrogen from the air; it requires little
or no additional fertilizer. Soya beans, as well as peas and beans, fix
- .rogan. b. . Dambala seems to do it better, because it has a very exteasive
system with many more, and much longer nodules. 1In its nodules, Dambala

appes ro use the common bacteria associated with cowpeas, ones that are
pre:~ - ‘n a msst ail tropical soils. No matter where it has been grown, it
has r ¢ 1~eded ba .terlal innoculation.

Ul 4 .~ 7a be2eus, Dambaia seeds do not vipen simultaneous .y This means
hzc .- 29, car % be mechanizally harvested, and. also unlike the soya
e—. .. Daumva & c¢o: rot lend itself to large-scale commercial productiocn.

t o & pian: that produces food over several months is idea: for a small land

I d2r, aad for homestead gardens.
iastner novable difference is that soya beans are free-standing plants
¢ . cen be grown in large fields, while Dambala has to be grown on stakes,
sra " i~2s, or wire fences. This is not a serious difficulty fcr the small
fz- -~ -t unless free-standing varieties are found, this will also keep
Dambai.. from becoming a large-scale mechanized commercial crop.
Tne N:z_ional Academy of Sciences has recentiy compieted a comprehensive
‘udy of Damba’a and has concluded that it is one of the most promising food
planvs for “he entire tropics. Copies of this veport are available without
~wrge frem the National Science Council of 3ri Lanka.
Fo~ Sri Lanka to take advantage of Dambala, the Agriculture Departments
the Universities, the Central Agricultural Research Institute and the
Department of Agriculture should collect the seeds of all varieties now
grown in 'ci Lapka
The most promising varieties should be planted in large enough quantity
{,erhaps 5 ecres, “o provide enough seeds for experimentation (by the Medical
Res ~1'h Tusiitute and others involved in the country's nutritional problems)
2l for distributiou to farmers through normal agricultural extensiocn channels.
. uvniversity should contact Professor Tanveer XKhan at the University
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of Papua New Guinea, Port Moresby, Papua New Guinea, to obi.l. seed cf
tuber-produciag varieties, and of varieties with other imp. tani char-

arteristics.

A systematic international effort to investigate and develop Dambala

is now beginning. Ceylonese scientists have a chance to
role in this development.

SWEET PCTATO
Sweet potato (Ipomoea Eg}atas} is grown extensive.y
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A collection of varieties and a survey of the areas where it is now
grown is first needed to determine essential information about the crop in
Sri Lanka. Chemists should analyze and screen all varieties for mannan.

The iocal products may then be compared with those now sold in Japan. While
the chemical studies are progressing, preliminary agronomic trials might be
conducted, using the information gained from field surveys and frowm farmers
as the basis for an estimate of the cultural and management practices needed.

KANDATA

Because food is in extremely short supply in Sri Lanka, there is a need
¢ examine more closely those plants already used but that have potential
for improvement and increased cultivation.

One such plant is Kandala (Colocasia esculenta). Kandala products have
many markets, since the corms can be boiled, baked, fried or used in curries
and other foods. 1In addition, flour, chips and other processed foods can
be made from them. TImproved and increased production of Kandala could have
significart benefits to the country's food supply and land use because the
crop can be growr: in many types of soil and conditions unfit for most other
c.ups. 1t is usually hardy and seldom damaged by storms or other disasters.
Ic can grow under flicoded or aquatic conditions, much like rice. Some var-
seties can withstand high salinity in soil ov water. It adapts well to
difficu’t water or land conditions and it fits well into inter-cropping
systems. In Sri Lanka some varieties are fast-maturing and can provide
food ' rroughout the year. Yields can be very high (in Hawaii. yields of
flooc> Kandala average 10 tons per acre per year).

‘ . plant can have significant nutritional impact for children, because
"_ c¢ootana, much calcium and phosphorus, both of which are recessary for
¢ development. In addition Kandala starch is easily digested and it has
w0 ailergenic proteins that make its products suitable as special foods for
Zafants suffering from protein allergies. 1In non—-acrid varieties, young
ieaves can be eaten as spinach or in soups: they are a good source of vitamins
zud minerals, especially iron.

Cultivation of Kandala requires extensive labour at planting and har-
vesting c¢ime and some during weeding, but the crop needs little daily care.
Kandala varieties that can be grown under flooding, but that can also with-
st-nd saiinity, are a very good crop for growing in rice paddies.

To take advantage of Kandala the government should appoint an agronomist,
a bo:zmist, an agricultural economist, and a person knowledgeable ahout
v’ tlage and rural environment to collect Kandala varieties and analyse
Kardalia cultivation techniques in Syi Lanka. This survey might require one

v two months. Local agricultural agents, farmers, and gardeners chotld be
. terviawed., <Jare should be taken to record local names. crop duration.
virtues the farmers or growers recogaize, special cultural requirements.
water raquiremencs, food uses (including uses of corms, cormels. petioles
znd ieaves). food preparation, and recipes. The survey should be adeguately
cupnorted to ensure complete coverage of the country.

The government should also designate an existing research station to be
responsible for propagating and evaluating the varieties colliected.
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Superior varieties from this collection should be grown under both
i:ooced and rain-fed conditions in order to determine tolerance to flooding.
I saiine soils or paddy areas are available, a few varieties purported tc be
seline-tolierant should be grown to evaluate this feature. Corms should be
<wdiyzed for mineral and protein content. Botanists should check for the
presence or absence of calcium oxalate rephides that cause acridness.
Superine or well-adapted varieties should be released to vhe university,
ithe Central Agricultural Research Institute and other research and develop-
went groups for inter-cropping or agronomic experiments. Superiol varieties
should be released to innovative farmers for trial cultivation on their farms.

It may be desirable %o introduce superior varieiies from overseas, but
this should be done carefuily to avoid infroducing diseases.

Researchers at the university and the Central Agriculturzi Research
Insc cute, the Coconut Research Institute, and cthers, should design a
plan for evaluating and studying the varietal coilection.

Litcie foreign technical assistarce should be required, excep: “n
coireccing the literature on Kandala zud related root crops. No specialised
tpuent should be necessary, and this programme would not be coustly.



CHAPTER IV

PLANT-DERIVED INDUSTRIAL PRODUCTS

The following are believed to have industrial exploitation possibilities:
Floriculture (for foreign exchange)

Kenaf (fibre)

Wattle (tannin)

Manioc (Industrial starch and flour)*

Gum Karaya (Sterculia species)

U W N

FLORICULTURE

Increasing affluence in many countries has given rise to a new industry:
the exportation of flowers and other horticultural products from tropical
areas. This industry is already highly developed in Colombia, Hawaii,
Singapore, Israel, Ivory Coast, and Kenya.

With its equable tropical climate and geographic situation, Sri Lanka
has extensive possibilities for tapping the European, and possibly also
even the Japanese, fresh flower market. Some flowers have already been
exported to Germany and the success of this small beginning indicates that
an increased programme could be feasible and profitable for Sri Lanka.

The country also has a sizable group of trained professionals in floricul~
ture, as well as several botanical gardens and commercial establishments
dedicated to horticulture. Furthermore, Sri Lanka has the advantage of
ample airline service, especially to Europe, including its own line. It
is possible that preferential rates might be given for flower export.

The Orchidaceae, Araceae, Musaceae, Bromeliaceae and Zingiberaceae
plant families are the ones most likely to yield marketable flowers. The
Ministry of Agriculture, the School of Agriculture, the Royal Botanical
Gardens at Peradeniya, and commercial firms such as Floralia and the Exotic
and Orchids Cooperative Society should be contacted to assist in developing
this new export industry.

Plant tissues can be grown in sterile culture to produce complete
plants, and this technique is now utilised in commercial floriculture. It
is especially useful for rapidly propagating new varieties. This tissue

* This section is treated under manioc in Chapter III.
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culture involves taking bud~ or other actively growing tissues and growing
them on nutrient agar to produce callus tissue, then, from callus, a large
number (potentially thousands) of plantlets. Orchids lend themselves to
this technique and Sri Lanka has long been world renowned for its orchids.
The commercial production of orchids and other plants by this technique

in Hawaii should be investigated as an example of what could be achieved
by the Ceylonese.

KENAF

The increasing demand for paper everywhere, the worldwide shortage of
pulp, and the resulting increase in cost of pulp and paper production have
shown that traditional sources of pulp and paper cannot be relied on for
future needs. Therefore, great attention has been focused on finding non-
conventional sources of fibrous raw materials for the paper industry.

Rice straw is the raw material currently available in Sri Lanka in
sufficient quantity to meet the paper industry's requirements. A mill
operated by Eastern Paper Mills Corporation at Valaichchenai, and a proposed
mill under construction at Embilipitiya, utilize rice straw as the chief
raw material. Because of its fibre characteristics, rice straw requires
at least 30 - 35 percent long-fibre pulp to provide pulp with the necessary
strength to run it on the paper machine. The long-fibre pulp used in Sri
Lanka is imported wood pulp. To conserve foreign exchange, steps have been
taken to grow conifers, Fucalyptus, and bamboo to replace imported wood
pulp. On the basis of mill trials it has been found that kenaf pulp could
partly weplace impc: -ed wood pulp To make the paper industry self-reliant
on home--grown raw materials, kenaf is being considered as a possible long-
fibre substitute until woody materials become available to the industry
in sufficient quantity.

Apart from its uses as pulp for the paper industry, kenaf is one of the
leading substitutes for jute fibre, and could be used in industries manu-
facturing ropes, nets, sacks, Hessian cloth. carpets, and other goods. It
should be remembered that Sri Lanka annually imports over Rs. 10 million
in gunny sacks. Kenaf also produces a very nutritious forage and edible
fruit.

Kenaf has a wide range of adaptability to soil and climatic conditioms.
The crop grows successfully on well-drained, reddish-brown earths found
in most parts of the unirrigable highlands of the dry zone of Sri Lanka.
About 20 to 25 inches of rainfall will be required to raise a successful
crop of kenaf; herce it can be grown in Sri Lanka's dry zone during the
Maha season as a rain-fed crop.

Of the several local and introduced varieties tested at the Agricul-
tural Research Statio., Maha~Illippallama, the local varieties were ob-
served to be 2qual o .ntroduced varieties in terms of fibre quality.

Among promising varieties, Talagama pink (local) and Cuba 2032 (introduced).
strains have beea recommended for cultivation. The yield of fibre is in
the range of 1,200 to 1,500 lbs. per acre, while yield of dry stalks for
pulp (oven-dried) ranges from 15,000 to 20,000 1bs. per acre.
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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 Research Corporation of Thailand, a Thai government re-
search institution,

The Government of 5ri Lanka should carefully evaluate the results ob-
tained in other countries with a view to increasing their level of kenaf
cultivation.

WATTLE

Wattle bark extracts are used in tanning hides. They are now imported
from South Africa. The same tree (Acacia mollissima) from which the South
Africans get their tannin already grows well in Sri Lanka. However, the
ex'sting wattle plantations in Sri Lanka are too small to support an ex~
zraction 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 c¢riginally planted for shade, as windbelts, or as a
scurce of firewood. The species is no longer planted, but that it can grow
successfully is already proven. Once established they maintain themseives,
but cannot tolerate shadsz conditions. Many plantations are mixed Eucalyptus/
wattle, and under these conditions growth of wattle is considerably reduced.

The bark of local wattle has been found to be comparable with imported
vattle. Yield of dry bark per acre would be about 0.5 ton/acre/year. The
“ast estimate on the extent of wattle plantation available (1964) indicated
1,700 acres of mixed Eucalyptus/wattle. It is now probably less. About
~“hree years ago, an Indian firm estimaied that 5,000 tons of wattle bark
for commercial expioitation could be collected in Sri Lanka. In 1969,
15,208 cwt of wattle bark and wattle extract 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 wattlie extract programme economical, about 2,000 acres should
Le available annually. Siince wattle can be harvested for seven years, the
total acreage should be 14,000 acres. The wood left after peeling the bark
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 Cormoration. This plant can now make use of existing wattle bark.
For the 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
naterial available for a commercial-scale plant on a continuing basis.

The gquantity produced would exceed the needs of the Sri Lanka leather in-
dustry, but there seems Iittle doubt that the entire surplus can be exported.

The current need of rthe leather industry amounts to 500 tons of wattle
extract per year, which is imported at a cost of Rs. 2,600/- per ton. A
nroposed 14,000-acre plantation will produce 1,500 tons of wattle extract
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per year, thus making 1,000 tons per year available for export, which wc d
earn Rs. 2,000,000 per year.

GUM KARAYA

The United States imports large quantities of gum karaya from India.

The demand is so great that India is now growing plantations of Sterculia
urens, from which the gum is obtained by tapping--like tapping rubber from
Hevea trees. Used in ice cream and foods this gum is in growing demand.
Sterculia trees already established in Sri Lanka should be :ested for their
gum quality and yield. The results may indicate the feasibility of large-
scale plantations.

The Sterculia gum tree has long been exploited in its native India.
However, in the past 40 years the world demand for gum karaya increased
to such vroportions that it has led to excessive and uncontrolled explioitation,
which has decimated the wild Indian stands. Consequently, the Indian Govern-
ment initiated technical planting of Sterculia urens. At the present time,
tapping is strictly controlled.

The major use of gum karaya is in the ice cream and confectionery in-
dustries in many countries. Since its properties resemble those of rtraga-
canth, it is sometimes called "Indian tragacanth." Commercial grades are
based on colour: red, yellow, and black.

Sterculia urens is a large tree, from 60 to 70 feet tall, with a dis-
tinctive white-grey bark, which grows best on dry. rocky soils that cannot
support many other crops. It grows wild in local areas in northern Sri Lanka.
The tree produces the gum freely as a soft, solid mass when its bark or
oranches are cut or injured.

Literature is available, especially from India, on recent agronomic
vesearch and on properties of the gum. A first step should be tc assemble
this literature, then initial experimental tapping of the wild trees in
Sri Lanka might be undertaken. Planting of the Sterculia tree is a long-
term enterprise, but in view of the climate of parts of Sri Lanka and of the
aver—-growing world demand for this versatile gum, its economic potentialities
for filling local needs, and eventually in providing an export commodity,
seem promising. The Department of Forestry and the Milk Board, aided by
private industry such as Elephant House, should be encouraged to consider
this potential natural product for Sri 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)
Lemongrass oil
Patchouli oil
Vetiver oil
Cinnamon leaf oil
Cardamom oil
Black pepper
Ginger
. 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 Lanka'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.

L oo NOU N
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Neve . heless, where technology exists, it is preferable to preduce pavfumery
meierials, vather than raw essential oils, because they shot. d increase
foreign exchange earnings and serve the requirements of a home market.

CITRONELLA OIL

Ar present, Sri Lanka produces citronella oil, mainly of tre sc-calilied
"Ceylon' type, which contains a relatively low amount of the importanc
componeni citronellal. This type enjoys a steady though relatively low
demard of about 250 tons per vear; because of its citronellal content. it
w’ 'L probably continue to be used at this low rate with relatively 1i .tle
s _.ai growth in demand.

Another type of citronella cil, the so-called '"Java'" type, is um .
~icher in citronellal, sells at a higher price, and is in greater demaad
..an the "Ceylon" type. Citronelial is used in synthesising prized fra-
grance materials., The fragrance industry buys several thousand tons of this
rype annually, and the demand for citronellal, and oils containing it, Is
growing rapidly. Studies are underway tc evaluate the possibilities of
nioducing the "Java" type of oil in Sri Lanka. However, it is recommended
that a task force of university laboratories, vesearch institutes, K aad
commercial interests be formed to expand the existing programme. The task
force should study and evaluate the quality and yield of "Java'-type
¢ -ronella oil. 1In addition, it should study and select '"Java''-type
et ~gips for use in Sri Lanka's growing conditions. This egronomic analysis

-+ +  coordinated with chemical analiysis of the <1l to ensure :hat the
Figu =7 v~—21i2]7 ~onteut i3 .etaired. This should take ctwo years
-ha resul “s meet expactations, production can be ini+tfzted: “Java't-
tyo2 citronzila oil for expert could ther be available in abc * one year.

To produce this oii, 20 acres of iand szr ton 1s required, or 16,000
acres for about one quarter of the world production. At current market
prices, this amount would yield an annual income of about Rs. 25,000,000.

LEMONGRASS OTIL

A secona essential oil also currently produced in Sri Lanka is "'lemon-

gress oii.”' This is valuable mainly for its content c¢f citral, used also
as a starting agent for valuable fragrance materials. Because c¢f the in-
creasing demand for essential oils, it, too, is expected to te in growing

=qand, at least over the next decade. To¢ produce abou: one quarter of

~ rworid's need for this oil would require about 35,000 acres of Iiemon-
grzss plantings. It is recommended that a task force (simiiar t¢ “hat
suggested for citroneila) be established t» undertake “he research and
market develcpment for lemongrass oil. The required time again would be
two years for the feasibility study and one year to achieve productiocn.
Again, a financial return of about Rs. 25,000,000 per year might be realized.
Although both citronella and lemongrass oils have a built—in price ceiling
of about Rs. 13/1b. (because their major components are availahle from other
sourcas), this price assures & good profit.
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PATCHOULI OIL

Patchouli oil is obtained principally from Pogostemon cablin, a small
perennial shrub native to the Philippines. The plant has been introduced
into several tropical areas and its oil is now produced mainly by Indonesia,
Madagascar, Brazil, and the Seychelles. Currently the patchouli plant is
nct grown in Sri Lanka, but it seems certain that it would thrive in the
tea— and coconut-growing areas.

Patchouli growing is suited to small landholders and tc intercropping
between tree crops. Young leaves and shoots are clipped off every six
menths.  They contain up to six percent oil; after a few days of drying
they are distilled (often just using boiling water in primitive equipment)
ro yield the oil.

One of the finest fixatives for perfumes, patchouli oil is added to
soaps, tobacco, hair tonic, and carpets. It is used widely in the aromatic
chemicals industry. Almost all essential-oil-utilizing companies purchase
1L, since it is a basic ingredient for many fragrances. The major ingre-
dient, and the important component in the oil, is patchouli alcohol, a com-
»1l2% molecule that is unlikely to be synthetically produced in commercial
guantities in the near future.

There is a worldwide demand for patchouli oii; with the expanding
~ssential~oil markets of the future, large-scale production of patchouii
il seems to hold much promise for Sri Lanka's future economic development.

Forty acres devoted to patchouli production could have an annual
v eld of one ton of oil worth about Rs. 91,000.

Patchouli is intercropped with rubber in Malaysia, which could provide
& 7=l .able model for Sri Lanka. If adopted, no new land would have to he
Uisught under cultivation. Supplementation of rubber with patchouli pro-

w ztion would be beneficial to both industries. The Workshop recommends
that the government make an extra appropriation to the Rubber Research
institute for immediate trials with patchouli as an intercrop. The funds
should be sizable enough that the Institute can subcontract with agricul-
cnral and horticultural researchers in the universities and Department of
Agriculture for help with patchouli cultivation.

In addition, the govermment or private industry should contact European
or American companies that purchase patchouli oil. It is likely vhat one
or more of these companies might guarantee a market f{and buce price) for
ori Lanka's patchouli o0il and, in return, would provide all of the agri-
cultural and processing expertise now lacking here.

Patchouli production could be accelerated by a cooperative effort
batween Ceylonese agronomists who could produce sample oils from plantings
in different parts of the island, and overseas laboratories who could do
vhe physical, chemical, and odour evaluations.

VETIVER OIL

Vetiver oil comes from the roots of a wiry perennial grass Vetiveria
zizanioides. Though native to Sri Lanka, vetiver oil is not produced com-
mercially on the island. The principal countries that now exploit the
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plant are Haiti, Réunion, Madagascar, India, Zaire, Angola, Brazil, and
Guatemala.

The grass is propagated by planting sections of root. It can be used
to stabilize soils and reduce erosion; it is also used along roadsides and
garden borders. Commercial harvest of roots is made 15 - 24 months after
planting. Special agricultural techniques are required to produce high
root yields. After drying, the roots are crushed and distilled to yield
the oil.

The viscous vetiver oil is often used as a fixative for more volatile
fragrances, especially in soaps and cosmetics. Vetiver oil, like patchouli
0il, is widely used by industry. It contains complex chemicals not likely
to be synthesized commercially in the foreseeable future.

Vetiver is being studied in Sri Lanka in far-sighted projects on tea
estates, and it is recommended that the Tea Research Institute be given
an additional allotment of funds intended for comprehensive trials of
vetiver as a tea intercrop. Agricultural help will be needed. Perhaps
agronomists and horticulturists at the university or in the Agricultural
Research Station could provide assistance. But, as in the case of patchouli
oil, Sri Lanka's best course of action may be a contract with a foreign
firm already experienced in vetiver production. In return for a guaranteed
supply for a given number of years, that company is likely to provide all
necessary knowledge and experience.

One hundred and fifty acres planted in vetiver is a good target. It
could yield about Rs. 182,000 annually.

CINNAMON LEAF OIL

Cinnamon leaf oil is also being produced in Sri Lanka. It is esteemed
because of its high content of eugenol, a chemical of great value as a
fragrance in its own right and for conversion into other fragrance materials.
By selling both cinnamon bark and cinnamon leaf oil the profit of cinnamon
plantations can be increased. It is recommended that the present botanical
search for improved strains {(that produce a better yield of eugenol in the
leaf, in addition to high quality bark) be intensified.

The potential for producing cinnamon leaf oill from existing cinnamon
plantations is not being exploited. Production from the present acreage
of cinnamon plants could probably be more than doubled. Also, Sri Lanka
has not fully exploited export markets. An effort should be made to develop
new markets and to utilize excess o0il to produce perfumery/flavour materials
that will replace imported materials.

CARDAMOM OIL

Cardamom oil also is produced in Sri Lanka; it is valued for its flavour.
At present, in international trade, Guatemalan cardamom oil is considered
superior to that from other countries. This preference is based solely upon
the subjective judgment of aroma experts, and cannot be interpreted in
analytical terms. It is recommended that steps be taken to determine
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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 must 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. 6,500 to Rs. 13,000 per 1b.
that this oil sells for and the suitability of the island'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 i1s undisputed.
In 1974, 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
constant for 15 years, which clearly indicates the stability of the market for
drugs from terrestrial plants.

Data 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. cough and cold preparations, etc. No financial data are available
for this market, but in the United States the value of plant-—derived materials
probably approaches that in the prescription products.

The major plants that 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-
couragad and strongly supported by the government. Sri Lanka's abundant flora
already contain many drug plants. Also there are some plants (both native
ard exotic) that could be cultivated in Sri Lanka to yield materials that,
aftzr chemical modification, produce pharmaceuticals. An organized research
effor:s 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 are obtained.

- 28 -
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TABLE I Important Plant Drugs and Their Relation to the Economics of Sri Lanka*

Plant and/or Active Principle

Growing in
Sri Lanka

Possibility of Cultivation in
Sri Lanka

Dioscorea species

diosgenin (starting

material for synthesis
of steroids Rs.
600 per kilogram)

Rauvolfia serpentina

reserpine
rescinnamine
deserpidine

Digitalis purpurea
digitoxin

Digitalis lanata
digoxin

Papaver somniferum
opium
morphine
codeine

Atropa belladonna
atropine
hyoscyamine
scopolamine

Datura species
scopolamine

Catharanthus roseus
vincristine
vinblastine

Cinchona species
quinine
quinidine

Yes (Studies
must be con-
ducted to
determine
economic fea-—
sibility.)

Yes

No

No

No

Yes (Econ—
omics of
collection
and extrac-
tion would
have to be
studied)

Yes

Yes

Doubtful if cultivated plants
would give adequate amount of
diosgenin

Yes - Introduction of appropri-
ate additional species might
be considered

Cultivation could be profitable

Cultivation could be profitable

Doubtful if desirable, but
thought should be given to
cultivation of high thebaine-
yielding Papaver species, from
which morphine and codeine can
be prepared without difficulty

Could be cultivated

Yes

Yes — Work should be expanded

* Only drugs of widespread use and great economic importance are listed here. Other
possibilities are discussed later in the report.
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Some Plants Available or Easily Cultivable in Sri Lanka,

But Which are Imported®

Local Name Botanical Name Family Quantity Est. Price
1. Amukkara (seeds) Withania somnifera Solanaceae 20 tons Rs. 8,140/ton
(Aswaganda)
2, Bodi seeds Psoralea corylifolia Leguminosae 10 cwt. Rs. 1,060/ton
3, Geta aralu Terminalia chebula Combretaceae 11.2 toms Rs. 1,430/ton
4, Iramusu Hemidesmus indicus Asclepiadaceae 15 tons Rs. 1,730/ton
5. Kohomba (o0il) Azadirachta indica Meliaceae 12 toms Rs. 3,040/ton
6. Kumburu (seeds) Caesalpinia bonducella Leguminosae 12 tons Rs. 3,150/ton
7. Katuwel batu Solanum jacquini Solanaceae 50 tons Rs. 2,240/ton
8. Malithamal Woodfordia fruticosa Lythraceae 20 tons Rs. 2,250/ton
9. Nelli Phyllanthus emblica Euphorbiaceae 60 tons Rs. 1,140/ton
10. Namal (stems) Mesua ferrea (stamens) Guttiferae 10 cwt. Rs. 8,313/ton
11. Rathnitual Plumbago indica Plumbaginaceae 2 tons Rs. 19,950/ton
12. Rathkihiri Acacia catechu Leguminosae 2 tons Rs. 4,480/ton
13. Sarana tubers Boerhaavia diffusa Nyctaginaceae 10 tons Rs. 1,580/ton
14, Savendara roots Vetiveria zizanoides Gramineae 5 tons Rs. 2,660/ton
15, Thippilli (pods) Piper longum Piperaceae 15 tons Rs. 23,080/ton
Thippilii (roots) Piper longum Piperaceae 6 tons Rs. 2,744/ton
16, Inguru Zingiber officinale Zingiberaceae 20 tons Rs. 5,429/ton
17, Kaha Curcuma domestica Zingiberaceae 2 tons Rs. 7,980/ton

i

* " Information supplied by S. Ponnuchamy
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Ir. addition, a number of plant species are prime candidates for sources
of new drugs not yet known elsewhere. Sri Lanka should initiate a long-term
programme to investigate its flora for new medicinal plants and plant-derived
pharmaceuticals. One approach——that is uniquely Ceylonese--would be to in-
vestigate plant materials used in Ayurvedic medicine.

PLANT MATERIALS NOW IMPORTED EVEN THOUGH THEY GROW LOCALLY

The Workshop was surprised to discover that 18 different plant materials
are now imported by Sri Lanka, even though they are available in the natural
state or are easily cultivated in Sri Lanka. A list of these plants is pre-
sented in Table II. It is estimated that these imports cost Sri Lanka about
Rs. © million in foreigr exchange each year.

The apparent reason for importing plants that are already available on
the island is that they grow in remote areas and it is less expensive to im-
port them than to collect and transport them within Svi Lanka itself. It is
strongly suggested that studies be made to determine whether or not trans—
portation difficulties can be overcome so that Sri Lanka can conserve its
foreign currency and provide its farmers with employment.

Quinine and Quinidine

The Cinchona trees (Cinchona pubescens, Cinchona officinalis, and their
variants), native to th2 Andean highlands of South America, produce the re-
markab.e antime'arial drug quinine as well as quinidine, which is widely
used to trezt heart diszase (especiaily as a cardiac depressant).

Cheap synthetic substitutes for quinine have been available for 30 years;
however some strains of plasmodium, the malaria parasite, are resistant to
them all. Surprisingly, quinine is still lethal to these strains. There ap-
pear to be potentiai markets for quinine in regions that have the resistant
plesmodium strains-——-such as Southeast Asia. The People's Repubiic of China
is a very likely market as well. However, Sri Lanka should conduct a careful
market survey before there is any increase in Cinchona production. A cartel
of companies in European countries control and monopolise most of the world's
markets.

At the present time quinidine is in short supply. The wild stands of
Cinchena in South America and the plantations elsewhere in the tropics are
tesufficient to supply world demand. This demand is increasing and quinidine
seils a*t six times its price of five years ago.

Cinchona prefers cool, tropical, hill country (above 1,000 feet) with a
year-round rainfall. 1In a story that strangely parallels that of rubber,
Cinchona seeds were smuggled from South America for planting in Asia. They
came to Sri Lanka in the 1860s and the Hakgala Botanic Gardens were created
as a <Cinchona nursery.

It is not possible to produce quinine and quinidine economically on a
small scale. Considerable investment in Cinchona plantations and an ex-
traction plant are needed.
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ox® Lavka grows =2dible yams extensively and has several indigenous vari-

2.2 3. Yam zultivation methods are known and the climate and soil seem suited
©o g wing the spec’..c ZTentral American varieties that have high diosgenin
conn . Dlosgenir production, if it can be made successful, could bring sub-

#.art el foreign exchange to Sri Lanka. Diosgenin is a material that is

¢ 1y shipped, even =c distant markets in the United States and Furope. It
5 fcr the enormous price of Rs. 300,000 -~ 600,000 per ton.

T begin productinn, contact should be made with a corporation such as
507 ciag AG, Beriin /Federal Republic of Germany) which has extensive experi-
znce ip actemptir ; to culitivate the plant in Mexico and Guatemala, the corpor-
o s seekinrg sources of diosgenin and is likely to be receptive to a
proposal from Sri Lanka. Such a company is likely to welcome a cooperative
p-.jeczt in which it provides technical support in exchange for a contract to
-/ tue proda.:xt from Sri Lanka for a given number of years. A contract of
L 7ad could bring major benefits to both parties.

Catharanthus Roseus

we 1 7e o Sri Lanka. Catharanthus roseus contains pharmaceuticals that
arz . . demand both in Europe and the United States. At one time it was found
i.. weedy abundance on the island, but collectors have wantonly exported so
7.y foots and leaves fthat they have decimated the native stands. A survey
<~ ' 2maining Catharanthus roseus should be made and methods to preserve
“em o "e.cd. Also the potential of cultivating the plant should be deter—
n "7 3y Ly Di2s8e norticultural researcnhers. It responds well to cultivation

o "kt foUr crops of leaves could be harvested a rnually.

& D ... s TL.L. o>roduce ajmalicine, a drug that is wideiw used in
& .. =, .7 2 1n pharmaceuticais for treating henr: disease. Be-
r > T & 2 revanicr, lestruction of ajmalacine-containing plants ithroughout

2 ¢ native habitva=s, many European importers =zre desperate for new supplies.
(0:l v Ceylonese plants cortaining ajmalacine are Rauvolfia serpentine and

Car renthas pusiilus They too need to be anzlysed.)
e stems and “eaves c¢f Catharanthus toseus rcontain leurocristine (also
- I as vineristl.: o VCR). It is the most effective drug for treating

. ‘e lZeukewnrta in chi’ ven and now sells for the incredible price of Rs. 1
~Jor per vund. The annual demand for VCR is small-—only 10 1bs by the
.o 2d Stetes. for example. The purchase price is so high because VCR is
fera Ivovevy small amounts in Catharanthus :oseus. {(Only 1 ounce is obtained
‘ i3 of lesves .
i itkely znat the p¥ice of VCR will soorn drop dramati~zlly because
& w507 Cn rese: ch team recently developed a technique for producing it
~..raza luccllastine f{alsn known as vinblastine or VLB), which occurs in
L+, ey concentrations in Catharanthus roszus {70 ibs from 15 tons of

aowE With VLB available from this Ceylonesz weed, its conversion to

/7« rvov’ les a highly promising, but very challeng.ug., research area for
2ol cnemists.  If & new or improved conversion of VLB to VCR can be devel-
¢ 21 7 . partent coverirg it would be of grea: significance; thern the

axp o .tation of 7-°F-Tanthus woseus could earn Sri Lanka much foreign
2R _Lge.
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Bromelain

There is a worldwide shortage of bromelain, an enzyme that is isolated
from pineapple by-products, particularly from the stump that is left in the
ground after the fruit is harvested. Bromelain is an anti-inflamatory phar-
maceutical, used to treat injuries, sprains, and contusions. There are only
two sources for the enzyme: a large pineapple company in Hawaii and pineapple
producers in Taiwan.

To extract any enzyme from natural products is difficult; incorrect
handling quickly denatures it and destroys its medicinal activity. In partic-
ular, bromelain extraction will probably need a costly freeze-drying plant.

Other by-products with potential economic value are pineapple peels,
which are currently discarded in Sri Lanka, but which can be processed to
yvield sugar and citric acid:; and the dried residue of the pineapple plant
after harvest (pineapple hay), which is valuable for animal feed.

OTHFR RESEARCH TOPICS
Cardiac glycosides
In Europe, cardiac glycosides derived from species of Urginea and Scilla,
bulbous plants of the 1lily family, are used to control heart disease. Sri

Lanka has Scilla hyacinthina and Urginea rupicola; mneither appears to have
been evaluated chemically or pharmacologically. Studies on both species

could prove interesting.

Vincamine

Vincamine is obtained in good yield from Vinca minor, a plant available
in Sri Lanka. Vincamine has been known for a number of years, but current
interest in this alkaloid, especially in France, is very high because pre-
liminary reports indicate that it may delay senility by increasing oxygen
supply to brain cells. Vincamine is currently being studied by pharmaceutical
firms as a likely camndidate for introduction into the U.S.A. as a new drug.
Current supplies are being met through plants under cultivation in Hungary.
But Vinca minor could be cultivated in Sri Lanka with little difficulty.
Should vincamine eventually become widely used, Sri Lanka might compete as a
world supplier.

Sennosides A + B

Sennosides A + B, used widely as laxatives, are in short supply; new
sources are being sought by U.S. importers. They are commercially prepared
from the leaves and/or fruits of Cassia acutifolia and/or C. angustifolia.
Sri Lanka has several Cassia species growing that might be good sources for
these substances. Thus, it may be profitable to carry out a survey of all
species of Cassia in Sri Lanka for sennosides A + B,
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Rotenone

Rotenone is a valuable insecticide that could possibly be produced from
Sri Lanka plants. This compound is present in virtually every species of
Tephrosia and Derris yet tested. A study is needed to determine whether
rotenone 1s present in the ten or so species of Tephrosia and in the six
species of Derris that grow in Sri Lanka. There is a world market for rotenone.

Picrotoxin

Picrotoxin is extracted from Anamirta cocculus and is used throughout
the world as an analeptic (stimulant to the nervous system) and antidote for
barbiturate intoxication. The plant grows in Sri Lanka. A market survey
and some simple analyses of local specimens might show that picrotoxin is a
candidate for export by Sri Lanka.

L-Dopa

L-Dopa is an important drug used throughout the world for the treatment
of Parkinson's Disease. Much of the L-Dopa used today is extracted from the
seeds of leguminous plants. In certain legume seeds it is present in up to
5 percent concentration.

Seeds of Ceylonese leguminous plants should be assayed for L-Dopa content.
"ae pest candidates are Mucuna species (for example Mucuna atropurpurea and
rfucung prurita) and Leucaena latisiliqua.

THE PRODUCTION OF DRUGS BY UNIVERSITY STUDENTS

Students at Peking University in the People's Republic of China are
assigned syntheses of low-volume, high-cost drugs in place of laboratory
exercises in their courses. A small pilot plant has been constructed at the
university grounds and the students produce drugs for use largely within the
Peopie’s Republic of China. In this unique educational programme the student
goins valuable practical experience as part of his university training. The
srogramme has contributed to China's self-sufficiency in drug production and
has evenn allowed them to export many drugs.

It would be interesting to see if a similar programme could be initiated
‘n S¢i Lanka. In this respect, the advice of representatives of the People's
fiepublic of China might be requested.
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APPENDIX C

MARINE NATURAL PRODUCTS

Paul Scheuer

Sri Lanka is not unique in its underutilization of the sea as a source
c¢? fuod and raw materials. Virtually all countries bordering on the ocean
stz. e this neglect. In order to improve this situation, a suitable organi-
zu. .. presumably CISTR should immediately prepare an inventory of avail-
atie . 23curces in manpower trained in all facets of marine science, in
facilities (e.g. stacions, boats, ponds, etc.), and in library resources.

I~ M. Mahendran of the Colombo Campus, University of Sri Lanka, has begun
a research programme in marine natural products and should be a consultant
i “t.3 inditial, as well as subsequent, phases of this development.

Shori- term upgrading of skilled manpower may be underwritten by various
UN  geric:es 'FAD. WHO), by the East-West Center in Honolulu, or by the
T cecwt’ , al Center for Living Aquatic Resources Management (ICLARM).*

Lo g - ange manpower and facilities development should be planned as
parc of matural products development in gemneral, following completion of
the * _ver -ory.

Since algae are photosynthetic plants and primary producers in the food
chain ¢f the sea, they should be considered first. Unicellular algae are an
excel ent proteir. source and have been grown in experimental outdoor culture
Na =2, 254, 5J4. 1975)., To my knowledge, no large-scale production
facility is in operation, but marine scientists should follow the pertinent
1iv rcatuve for new developments.

Ped and brown macroscopic algae (green, brown, and red are the major
divisions) have long been used in various parts of the world as food, fodder,
fe._.ilizer, or as a source of potash and iodine. Most of their uses are
highly localized and not readily transferable to other cultures, except for

* TCLARM is the activity initiated January 1, 1975, by the Rockefeller
*~--ndation of New York, which aims at a major improvement of the aquatic

- sourcaz for the people of the Pacific and of Southeast Asia. It is
currently headquartered in Homolulu. Its director Dr. Philip Helfrich,

has iudicated to me that they do not feel strictly limited to the Pacific
crea. Requests by Sri Lanka for aid with training or requests for a par-—
“iecviaw knowledge and experience in the marine area would be given the same
22 5% n~ration as similar requests from a Pacific country. (P.0.Box 3830,
-1l , Hawaii 96812, USA)
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the use of fertilizer, which is on the increase. Annual production in
western countries is about 40,000 metric tons, of which 35 percent is proc-
duced in Norway.

Red and brown algae are no longer an industrial source of potash or
iodine, but they have become an important raw material for the extraction
of alga polysaccharides. These so called phycoculloids have no nutritive
value, but they are wvaluable in the food industry as thickening, stabilizing,
suspending, and gelling agents. The current annual harves: is approximately
17,000,000 metric tons with a market value of Rs. 2,275,000,000. Virtuaily
ail of this is harvested by fishermen, divers, specially buil: boat  , or
simply gathered after storms, none of it mechanically. Attempte are under-
way to culture the red alga genus Euchema in the Philippines for production
of carrageenan, which is a widely used gum, particularly in milk products.
Current price of carrageenan is about Rs. 20 per pound.

Marine algae have so far found no significant medical applications,
with the exception of algin (one of the polysaccharides) as a laxative, for
making dental impressions, and as a medium for iaboratory cuiture. Kainic
acid is an anthelmintic (Digenin, Helminal), produced by the red alga
Digenea simplex, firsi isolated and studied by Japanese workers.

Oniy one marine invertebrate serves currently as the source of a bio-
medical raw material. A gorgonian from the Caritbeszn elaborates & prostag—
landin, which can be transformed in the labcratory into a physioiogically
active substance. Another marine natural product of an anneiid, nereis-
toxin, served as the template for a valuable insecticide, which is marketed
in Japan under the trade name Padan. with an annual production in 1972 of
1,500,000 kg.

Mericulturs of invertebrates for food or pearls is highly successful
in various parts of the world. Many more organizaticns are experimenting
with additzonal crops. Developments n this area should be foilowed by
the fisheries staff. A very simple kind o¢f mariculture, of the brine shrimp
Arcewi., which is in great demand as o food socurce in mariculture, can be
carried out in brackish ponds, with virfually no other investment.

Similarly, culturing of fish is highly successful in many areas and
additional species of fich are currently under study. To commence such
a programme Sri Lanks wiii constitute a major fong-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.

Anodendron manubriatum -~ Apocynaceae - 26 - endemic - not coll. since
Thwaites

Anodendron rhinogsporum - Apocynaceae — 26 - endemic - not coll. since
Thwaites

Ceropegia elegans var. gardneri - Asclepiadaceae - 55 - endemic -
not coll. in wild since 1800; perhaps extinct in wild; in Europe
cultivated in greenhouses

Ceropegia thwaitesil - 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
Thwaites

Croton 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 coll.
since Thwaites

Ellipanthus unifoliatus - Connaraceae - 13 -~ endemic - not coll. since
1888, probably due to clearing and deforestation

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

- 45 -



- 46 -

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

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

Hypolytrum longirostre — Cyperaceae - endemic - not coll. since Thwaites

Yindernia 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 - mot coli. since
Thwaites

Prunus ceylanica var. ceylanica -~ Rosaceae - 72 - endemic -- not coll.
since early 1900's, probably due to rapid deforestation

Sanguisorba indicum - Rosaceae -- 60 - endemic - not coll. since 1886

Tolypanthus 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.
since 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.
sinze Thwaites

Willughbeia 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. Schultes and Noel D. Vietmeyer

Caryocar species. The British botanist who initiated rubber growing
in this part of the world promoted oil from Caryocar as much as he did the
rubber tree. But Caryocar remain a group of little-known trees growing
wild in the Amazon region. They bear large quantities of oily seeds re-
sembling Brazil nuts. Test plantings and studies in Sri Lanka are warranted.

Jessenia polycarpa. Native to the Amazon regions, this palm bears
extraordinarily large bunches of fruit with an oil similar to olive oil in
appea._1ce, content, and quality. It is sold as an edible oil in Bogota,
Colombia, but is virtually unknown to the rest of the world. With the
skyrocketing cost of olive oil, the time for Jessenia domestication is
fast approaching.

Joioba (Simmondsia chinensis). This subtropical, North American desert
plant is unique in the vegetable kingdom: it secretes liquid wax in its
seeds ‘nstead of the glyceride oils secreted by other plants. Liquid
wases are important in industry. They are difficult to synthesize, and
the nnly other source is the sperm whale. Development of jojoba as a crop
might pirovide important economic benefits to the dry zone of Sri Lanka.
Test plantings are warranted. (A National Academy of Sciences repout,
"Products from Jojoba: A Promising New Crop for Arid Lands,' describing
the commercial importance of jojoba can be obtained, without charge, irom
the National Science Council of Sri Lanka or from Dr. Noel Vietmeyer,
National Academy of Sciences, 2101 Constitution Avenue, N.W., Washington,
D.C. 20418, 1.S.A.)

Naraniilla (Solanum quitoense). Related to, but wholly uniike, tomatoes,
rhis dessert fruit is highly esteemed in Peru, Colombia, Ecuador, and
Guztemala, but is unknown in Sri Lanka. TIts delicious, refreshing juice
¢ouid become popular in Sri Lanka, where the plant could easily flourish
at proper altitudes.
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Other Solanum species. In northwestern South Americz
Lh.ce Ta 'ge tomato-like, tropical-lowland fruits that wmigh- o~
© “wd Ganha.  They are Solanum topiro, Solanum ge-cgicum ¢ - 7 .
. 2. They are high in vitamin and mineral ceoutent. V* emi. oo zed
3 and jams are prepared from these, especially from fole um terir
ik s now being commercially cultivated in Colombia for the ..paratica
- 27 i2s. It is recommended cnly for lccai markets ia Svi Lewa, as it
3 1.l easily transported over long distances, and is casily g rowe 1n [ ome
7 7ers and on small farms. Material and informsiion are avaiiab:
Cerpaniz Fruco, Cali, Colombia.

?2iibaye (Guilielma gasipaes). The chestnut “lavourerd f._. L of .
‘m Is probably the best nutritionally balanced o tre ..cal “nous. 1. con~
- .0 .. carbohydrates, protein., oil, minerals, and ~_.tamins. o ..<4d - the
' zropies, the trees, once established, vequire littlie 2z = au yleld
= _.  They grow widely in the Central and South American =
".gs should definitely be made in Sri Lanka.

lLrvcaere latisiliqua. New varieties of this nitrogern f . ‘ng leg_inous

= ~nt o 2reloped at the University of Hawai? have " . nn ..o 7o .wZ. © Zes
¢..w p.od 2tivity. Trees attain 50 feet in 7 vea ... Mo T L S0l s
o Legiuning to exploit these varieties on a wvery ‘avy. L& o5 energy
~ uncations to fuel steam—powered electric geineravore

»E_Jallan Supersweet Corn. Special varieties ¢f ¢~ ... . te vl
Z o~ Fan the tropics and with extremely higl sugar __.t.. < ' o _=en
7 7e” 51 =4,  They coulid become a popular snacl:, . =e%. <y 2vau food -
oo

"a.yoderndron orinocense (Euphorbiaceae). Th: = = SR A

cvas. of 2dible and oil-rich seeds. In Soutci: Amew: -~ ST IR

_ "ul g £o bve domesticated, although it has long bzern 2xpl-~1ued *

».-u " 1n the Orinoco Basin region of Colcml Veaez. . & S S

-~ r~~s 2d before being eaten. The oil, wi g- TToan
cov 2 wethods, finds limited sale in Colombi: . va

L5 L&D w..! cosmetics,
The rree, relatively fast growing., can su z 5 +tv x 7,
~itin soils in hot, humid tropics {300 - L % £~ al :
L. slerate areas where there is a marked dry seszs: ~ ~— -

“formacion and literature on this potant al r . 2 3= %
«. -1 the Departmento de Botanica, Universidad da2 ta 1us, “c. 5. Solc.hias
T.: ting material may be solicited from -"he Agrici Lu . . YLl ae. T
“¢v7 .n at Palmira, Colombia.
+ >8.flora mollissima. The fruits of ceveral Tiftle-lroo~ hig. aud
{5, Tv -~ 8,500 ft.) species of passisu frui .., espzeial .y Passiil otz
_ﬁffﬁiimé’ provide a favourite and exquisite fruit in Cc'om.ia & Houador,
o ‘ey are known as curuba.
“F . fruit are elongate-ovoid, measuring 7 »y 3 Inches. Y .2li.. . hen

. ’hey contain an orange jelly with many asubedded =oalds. 7. L lip
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is pressed through a sieve to separate the jelly from the seeds. The jelliy
is made into jams, candies and sorbetes (mixed with milk as a delicious

drink), with a flavour
pineapple, and bananas
Most of the fruit
work and several small
Passiflora mollissima,
Sri Lanka already

that can be described as a mixture of strawberries.

but with a slight suggestion of almonds.

comes from wild plants, but recently some selection

plantations have been initiated in Bogota. A vine,

is grown in rows on simple wire tvellises.

has much experience with passion fruit products, but

Passiflora moilissima is a highland species, the source of a new taste for
fruit juices, ice cream, jams, jellies, and concentrated pulp.

Information and plant material may be solicited from the Agricultural
School of Tibaitata, Colombia, and from certain commercial firms, especially
Compania Fruco, Cali, Colombia.

Arracacia esculenta (Umbelliferae). A new starchy root for iocal food

consumption could be Arracacia esculenta, employed in the Andean countries

in soups, purees, etc,

Its mineral content, though not high, is better than

zha*t of cassava and most other roots and tubers. This plant can be cuitivated
i =quatorial regions from 5,000 ~ 9,000 feet and has numerous agronomic
varleties, some of which might be adaptable to Sri Lanka. It is a crop
admirably appropriate for small home gardens, although it might alsc be
produced commercially in larger holdings.
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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 pro-
gramme does not require much capital, especially foreign exchange. But when
the programme gathers momentum, low-cost mechanization measures might be
introduced.

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.

(ii1) Posting such trained employees to selected Pilot Centres for
compost manufacture.
(iv) Organization of marketing facilities for manufactured products.
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the American Society of Pharmacognosy (ASP) if specific needs and details

can be provided. There is already some support to scientists having problems
with foreign currency by members of the ASP, and perhaps an organised

effort in this direction will be beneficial.
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