AGENCY FOP IN
PPC/CDIE/DI

TERNATIONAL DEVELOPMENT

REPORT PROCE

SSING FORM |

ENTER INFORMATION ONLY IF NOT INCLUDED ON COVER OR TITLE PAGE OF DOCUMENT

1. Project/Subprojec. Number L F’ Contract/Grant Namber 3. Publication Date
—~ . , : ;
936-5547 { IAC-5547-C~(0~-5124~00 L fug. 1988
-t ———— e - — —

4. Document T'itlel':f;;;l';led Ti¢ ‘;_...-,

Non-Wood Products

—

Teasibility study on Smal l-Farm Production of Gums, Resinsg, Exudates, and Other

5. Authoy_(nl_“

L James . lanover
2.

3.

6._Contributing Organization(s)

Winrock Internacional

8 Report Number

7. Pugination

9. Sp'onaoring AL, Offi e

17 . o T . . . ,
E“l/ Pys. 7 J l S&T,//FENR, S§' "'RD, RMNV/TR/ENR
10. Abstract (optional - 250 word limit) .
11 Subject Keywerds (optional)
|1. 4.
2. 5.
2. 6.
172, Supple‘.ﬂ;i‘a;;\;:Noteamw
Limiced number published.
L.
’13. Submitting Off cial 14. Telephone Number 1Z. Today's Date
l Cheryl S. Gwyrn 525-9430 Nov. 16, 1988
e
..................................................... DO NOT write below this line:+~++ vt vovaiiiaiae i ciisie oo
rl_C LGCID 17. Document Disr ssition
; DOCRD ] NV [| DUPLICATE || }

WORK SHEET



" i . P

A e RO |
o . v 1 R ot - £

£ f S s

Multipurpose Tree Species Network Research Series

Paper No.

<)
W

"
4

Forestry/Fuetwood Research and Development (F/FRED) Project




Multipurpose Tree Species Network Research Series

This series of publications, produced or supported by the Forestry/Fuelwood Research and
Development (F/FRED) Project, was developed to improve the scientific research exchanged on
the production and use of multipurpaese trees. The series includes research papers, case studies,
manuals, videos, and consultancy reporis. Publications in this series are available for distribution
to F/FRED network members and other selected individuals and institutions.

@ Winrock International Institute for Agricultural Development

watig
1 .,
0'
S . by
S T
> 3
O
[
3
.

K
-
T

“

sl

financed by the U.S. Agency for International Development



4

Feasibility Study on Small-Farm Production

of Gums, Resins, Exudates, and Other Non-Wood Products

James W. Hanover
Department of Forestry
Michigan State University

August 1988

Winrock International (Forestry/Fuelwood Research and Development Project)



Contents

Introduction
Objectives
Scope

Commodities from MPTS
Plant resins, gums, and exudates
Tannins and dyes
Essential oils
Cosmetics, flavorings, and perfumes
Insecticides
Drugs and pharmaceuticals
Fruits and other edible food
Shellac, honey, and silk
Starch-sugar
Fertilizer and fodder
Fiber

Present Status of Non-Wood Products
Priority MPTS
Additional MPTS
Specialty MFTS

Constraints and Opportunities

Specific Recommendations

References

Appendices

Iltustrations
Fig 1. Small-farm production of non {imber MPTS commoditics
Fig. 2. Methodology for screening plant extracts for insect control

Table 1. Priority MPTS

Table 2. Additional MPTS
Table 3. Specialty MPTS

29

32

39

13
10
14
27



INTRODUCTION

Past work with multipurpose tree species (MPTS) within the Forestry/Fuelwood Research and
Development Project (F/FRED) has focused mainly on organization of research among cooperators,
selection of fuelwood species priorities, socioeconomic research needs, germplasm availability, and
experimental design (Tavlor and Medema 1987). In 1987, USAID and Winrock International, through the
F/FRED Project, decided 1o assess the potential for improving small-farm MPTS production via several
biotechnology thrusts (F/FRED Project 1987) including the present study, which focuses on determining
the feasibility of obtaining non-wood products from MPTS. These include gums, resins, exudates,
extractives and other chemicals, in addition to the more typical uses of these species for fuelwood,
timber, fodder, manure, and fruit. Indeed a study of MPTS uses for chemical production on small farms
might conccivabl result in identifving addiiional MPTS and considerably enhance small farmers' income.
Against this broad background. the present study was undertaken,

Several approaches were used. Initially, these included a comprehensive literature search through
libraries, letter inguiries to scientists in Asia, and interviews with Indian scientists currently studving at
Mickigan State Universin, Travels to India, Indonesia, and Malaysia carly in 1988 included on-site
interviews with scientists and administrators who had been bricfed on this study's objectives. In July
14as, the author speat two additional weeks in Indonesia on a tree-improvement project during which
time he acquired more literature and information on MPTS, agroforestry syscems, and chemical
extractives from trees. Upan completion of the above tasks, he began compiling, collating, and writing
this report.

Tropical forests now provide a vast array of non-wood products that are produced both in natural
forests or on plantations of selected tree species (Fig. 1), These products include essential oils.
exudites, gums. latexcs. resina, tannins, sterols, waxes, esters, acids, phenols, slcohols, edible fruits and
oils, rattans, bumboos, flavorings, sweeteners, spices, balsams, pesticides and dyestuffs, Often on small
family farms. there i Dinde relisble daty on the commercial value of these non-wood products because of
the diffuse nature of their production. The often-used term minor_forest_products is inappropriate
because, in the aggrevate o least, these products conatitute a valuable resource in world trade (OTA
1983). For example. in Inuia the estimated worth of non-wood produets is more than 205 of the total
value of all industrial timber. The world trade in ratian is in excess of $1.5 billion and essential oils
and spices exceed 31 billion (OTA 1984). it is quite libely that a svstematic survey of non-wood forest
producis used by tropical forest dwellers would lead te increased use of these materials and enhance
farmers” cconomic well-being,

Besides the monctary value of non-wood forest products in world trade, there are other less tangible
benefits from these materialss including their role in family and social life in much of Southcast Asia.
Gathering and processing forest products are often the only sources of employment and income for local
people (Mceulenholt and Silitonga 1973).

Otjectives

This study had two main objectives:

1) Survey and cvaluate the present status and future potential of small-farm production of gums,
resing, and cxudates from MPTS in Asia.

[39)
~—

Recommend rescarch and development needed to help farmers improve their use of non-wood
products from tropical trees.
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Scope

Although gums, resins, and exudates arc the primary products targeted for study, the scope was
expanded slightly to include certain -xuractives, oils, dyes, pesticides, and specialty chemicals that also
offer opportunities for increased utilization. Omitted from primary covsideration are substances mainly
used for medicine, food, or fodder. Within this framework there are still innumerable non-wood products
of tropical forests that could be documented here. Many of these arc referred to in the compilation of
species and products (Tables 1, 2, and 3), but others of minor importance are omitted.

The scope of the present study is further defined by the tree species  considered as sources of the
above-mentioned chemicals. Three categories are included: pricrity MPTS (Table 1), additional MPTS
important over narrower distribution ranges or under specific cultural situations (Table 2), and specialty
trees (Table 3).

COMMODITIES FROM MPTS
Plant resins, gums, and exudates

According to Dell and McComb (1978), resins are ron-volatile products of plants from which they
exude naturally (surfuce resing) or that can be obtained by incision or infection (internal resing). They
are nsoluble i wi e but soluble in org: ~ic solvents. They are stable, mert, and amorphous, become
sticky when heated, and are capable of Bong fused with no sharp melting points. Thev are mixtures of
compounds. including Mlavonoids, terperoids, and fatty substances.

Other plant producis reluted to resins include Tatex, essential oils, gums, waxes, and exadates
composed of mixtures of these substances. Latex is @ colloidal suspension or emulsion of water insoluble
substances suspended in water vanving in color from white to red 1o vellow.  Essential oils are volatile
terpenoids (Cs Cyooand Cpear obtained by steam distillation of plant tissue and are completely incapable

of mixing with water,

Fauy oils are non-terpenoid non-volatile substances but, like cssential oils, are liquid at room
temperature. They are esters of faty weids and glyeerols and occur commonly in seed storage organs,

Gums are complex carbohvdrates (polssaccharides) completely soluble in water and are scereted
naturally or on incision or infection. Mucilage is chemically similar to gum and is obtained by
macerating plant material i water. Some of the important uses of gums are as follows (NAS 1979):

o used in adhesives on postage stamps

o impart smoothness and stability to bakery products and lengthen shelf life

o give body and smooth texture to confections

o used as foam stabiliver in beer

o provide smoothness to high-quality ice cream

0 used as purifier in wine and emulsifier in soft drinks, lotions, detergents, elc,

o used in float-processing mincrals



o impart luster to silk and sizing papers

o used as a medicinc to treat inflammations and burns

Tannins and dyes

Condensed tannins arc phenolic polymers that occur in a wide variety of trees, such as neem
(Azadirachta indica). They play important roles in food quality and nutrition, toxicology, plant
proteciion (inscets and disease), wood adhesives, leather manufacture, and herbal medicine. For many of
these uses, plant tannins cannot be replaced by synthetics. Many dyes are obtained from trees such as
the orange-brown dye from Acacia catechu.

Essential oils

Essential oils are usually volative terpenoids obtained by distillation and often asscciated with resins,
Important oils from trees include sandalwood oil from heartwood of Santalum album, cedarwood oil from
Cedrus deodora, C.atlantica, Juniperus spp., rosewood o1l from Dalbergiu sissoo, cucalypt oil frem many
Eucalypuis specics. and cosmetic oils, such as cajuput oil, lawang oil and patchouli.

Dryirg oils such as tung oil from sced: of Aewrites spp. and edible oils, such as Chinese tallow tree
(Sapium sebiferum) seed oil. and oil palm (Elacis euincensis) are also important in commerce.
Cosmetics, flavorings, and perfumes

Fragrance and flavor cheraicals bave in.mense commercial importance in world trade. Many of these
substances arc derived from trees (Tables 1, 2, and 3) and they generally fall into the chemical
categories of cssential oil derivatives or aromatic nydroxyaldchydes.

Insecticides

Probably the best example of a tree extractive that has insecticidal properties is that obtained from
the neem tree. Extracts of neem seeds repel or Lt g varicty of insccts, and commercial preparations
are entering world markets (Larew 1988: Nagasampagi. personal communication),

Drugs and pharmaceuticals

Trees as sources of nedicinal drugs or pharmaceutical chemica’s are limited, although several reports
are given (See Tubles 1, 2, and 3). Such chemicals are usuaily quite complex in structure. Fuiure
rescarch into tree chemistry may reveal additional opportunities in this category.

Fruits and other edible food
Many edible products available from ropacal forest trees contribute significantly to staple diets.

Foremost among them are bananas, bamboo shoots, oil palm, jack fruit from Artocarpus spp., and cashew
nuts.



Shellac, honey, and silk

Somc important commoditics arc derived from tropical tree species in which insects are an integral
part of their production.  Shellac, used in paints, varnishes, and prinling ink, is a resin obtained as a
result of lac insccts (Laccifer lacea) inhabiting several host species, such as Japanese lacquer tree (Rhus
remicifera).

Many tropical trees are excellent sources of honey produced by bees, and much unexploited potential
exists (Spencer 198R%). Mulberry trees are intensively cultivated throughout Asia as an integral
comp nent in silk production. These tree-insect production systems and perhaps others offer substantial
opportunitics for expansion by small-farm enterprises in Asia.

Starch-sugar

The sago palm (Metroxylon spp.) is an important source of food starch in Southcast Asia, and the sap
of other palms yields sugar that is converted to alcoholic drinks (Meulenhoff and Silitonga 1978).

Fertilizer and fodder

Throughout Asia farniers commoniy use tree Teaves to feed livestock. Many examples are given in
Tables 10 20 and 30 including Seshania grandiflora, Azadirachta indica,, Acacia nilotica, Aibizia prucerd,
Robima pseudoacacia Gleditsia triaconthos, and others. Further development of these and other species
for both feed and fernlizer could be promoted by applyving modern research evaluation techniques,

Fiber

Rattan is a non-timber product of the tropical rain forest of increasing importance in world trade. It
is a collective name for stems of climbing palms used to make distinctive furniture and plaid ware,
There are over 300 species of rattan in three genera (Calamus, Caemonorops, and Korthalsia). Because
of the concern that removal of tropical forests diminishes the rattan resource, its plantation culture is a
subject of high rescearch merit (Meulenheff and Silitonga 19738).

The above categories of MPTS commodities provide an overview of the kinds of products aow being
gathered from tropical forests. A wide range of opportunitics exists to further develon certain of these
species/commodities through directed rescarch. These specific opportunitics are examined below.
PRESENT STATUS OF NON-W0OOD PRODUCTS

A comprehensive examination of tree specics from which important non-wood or non-timber products
have been obtained by farmers is provided in Tables 1, 2, and 3. The information in these tables
resulted from interviews, correspondence, and literature scarch.

Priority MPTS

The 11 species in this category resulted from F/FRED evaluations and other studies on tropical iree
culture, especially in agroforestry systems.
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Table 1. Pnonty MPTS that yield non-w 0od products.

Secrerntific Name

(Commaon Names)

Reginn

Cuttivated/ Characternistics

Products/

Uses

Acacia
auriciliformis

A. Cunn (akasia)

A mangwm

(akasia, cassic)

A nmlonca
(habul)

Azadirachia indica

(neem)

Dalbergia sissoo
(shisham, rosewood)

FEucalyptus
camaldulcnsis

(rcd gum)

indonesia, 0RO m
altiude, 1SGRTIR mm
rainfal', mean annual
temp. 27-30 UC, wide

site tolerance.

ST Awa, Malayaa

moist tropscal, dry

tropical

native to Burma and pcrhaps

parts of India, Pakistan,
Sn [.anka, Thailand,
Peninsular Malaysia, and
Indonesia; altitude io
1500 m: widely planted
in dry tropical, moist

tropical.

moist tropical, India,

SE Asia

Australia, throughout the
~vorld temperate and
tropical ciimates with
rainfalt from 200-1100 mm

soga {dyc) for batk, cxtracted from
bark (6-1472), polysaccharside gun bark
cxudate of high viscouty, clear color,

‘

water soluble, 777 pratem tanmn in

bark

bee honey

fuel, imber, tannin, pum, foddcr,

honey

bark, Icaf and sced (mecdicinal),
insecticidal, ferulizer, fodder,

timber; most parts except wood used in
Fome remedics, bark has high tannin;
neem oif or margosa onl frem seeds used
1N SOaps, dranfectants, drug&,

cosmetics, cecd crhe used as fertshizer;

leaves for foddder

iimber, furmiture, nlywoxd, fucl,
fodder, come Dalbergia spp (c.g. 1) renusa)

have potent . ~rticrde secretion

fuclwood, honey, woind is resistant
to termites; leai ouls-—cincole
(pharmaccuticals), pheitandrene
(disintectants) or exudate from

bark, and citrenellal (perfumc)

Pricess/Operation

Remarks

References

research needed on total

chemucal potential

beckeeping

gum is swect and cdible, home

remicchies from bark, tannin from

poxds and bark

resecarch necded io further
develop products from this

versatife species

rescarch necded on wond

properties and plantation

cuiture, genetic improvement

gepetic vanation in leaf oils

should be studied to develop

valuable strains

Rudjiman 1981, Kasmudjo

1979, NAS 1979.

Suseno 1988.

NAS 1980,
fattle 1982,

Tarew 1988, Rego 1935,
Little 1982,

Repo 1985, NAS 1979.

NAS 1980; Midgley,
Eldridge, and Do 1987.
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Table '. Cantinued.

Scientific Name

(Comman Names)

Region
Cuitivated/Charactenistics

Products/

Uses

I'rocess/Operation

Remarks

References

l.eucaenu
leucccephala

(su-harbul}

Melia azedarach

{Chinaberry)

Prosopis cancrana

(jand)

P. juliflora
{(Swanz) D.C.
(mesquite)

Robinia pscudoacacia
(black locust)

India and tropics

Asia, Middle Fa<t. and India;

widely cultivated

dry and and regions of Inaia

wastelands of S.IE. Asia,
extremely hardy, all soils,
coppices readily

throughout worid, temperate

and mediterrancan zones

gum from sced, wet-end additive in

papor mulls, foddder, fertihzer

some nscrticidal properties

tasadirachim). fodder

lat and protein from seed; may be used
for human consumption, ol for coooking

and torofine for foxoxd

fuciwoxd, tanmin, honey. pods ar= lcd

1o hivestock

fuctwood, [cddcer, heartwood chemicals

for woodd preservative

boiling in water and

centrifuging

not an important chemecal
species, lack of research?
sccds dehusked, {at (7.6%)

extracted with petrotcum cther

not an importan: chemicat

species, tack of research?

rescarch needed for

chemicals utilization

Ben, Dobhal, and
Ayyar 1982;
NAS 1980,

Little 1982, NAS 1983.

NAS 1979.

Jambulingam and
Fernandes 1987, Little 1982,

Smith et al. (in press).




Perhaps the most exemplary species in terms of providing products for farm and other uses is the
neem tree (Azadiraciita indica). This species is widely adapled, casily cultured, and contains useful
substances from most of its parts. The bark is high in tannins for adhesives and medicinals; the sceds
and lcaves contain azadirachtin, a promising new inscct repellent, as well as neem or rargosa oil uscd 1
soaps, cosmelics, cte.; beth leaves and seeds are also uscd for fertilizer and fodder. The insecticide
azadirachtin deserves intensive research because it is a sysiemic repellent against many important insect
pests. Dr. B.AL Nagasumpagi of the National Chemical Laboratory in Puna, India. has a fine rescarch
tear working on the development of the neem insecticide.  Fig. 2 illustrates the genera! procedure by
which necem or most other biologically active compounds from plants are analyzed o determine their
cffectiveness. The neem insccticide is now being marketed commercially in India and the United States.

Acacia mangium, or akacia, in contrast o neem, is a straight-stemmed, rapidly-growing plantation
tree used mainly for lamber, veneer, furniture, or pulp. It i« also excellent for erosion control.
However, little information is available about its chemistry or products obtainable from its parts. It is a
source oi bee honey and may be further developed for this purpose by farmers as planting increases.

Many of the priority MPTS are used as fodder for animals (Acacia nilotica, Dalbenia sissoo, Leucacer
lewcocephala, Prosopis spp.. and Robinia psewdoacacia), and this practice will continue.  Several specics
produce useful gums, especially Acacia and Leucacna. Further rescarch into sources of gums should
reveal other species capable of providing these important food additives.

Acacii spp., neem Proscpis sppeand many other MPTS pive hisgh vields of tannin from their bark.
Rescarch and development of tanain as an adhesive o paticularly active and triitful in Southeast Asia
and should be increased.

Daibergia sivsoo or rosewood iy o beautiful wood for many purposes and rosewood oil from the weod
i valuable. Rescarch is needed to further characterize its chemistry and products and establish the
species 1 plantations because the resource iy decreasing at an alarming rate,

Both Prosopis cineraria and P, judifiors have high potential as sources of chemical products, including
protein from sced, cooking and other oils, tannins, honey. and other foods for human consumption.

Robinia pseudoucacia is s remarkably versatile MPTS that is gaining popularitv as it is tested
throughout the world, Tt has o wide array of uses that could be further expanded with increasced
knowledge about its heertwood, Teal and other chemical constituents.

The high-pricrity MPTS should also be priority research for development of gums, resins, extraclives
and other chenucals. New products from these species will have wide economic impact on the farmers
who cultivate them.

Additional MPTS

Table 2 includes over 100 additional species for which farmers may play a key role in harvesting or
processing thut are curreatly useful sources of chemical or related substances.

There are numerous sources ol resinous products available from tropical forest species. The most
notable and worthy of rescarch emphasis are the Dipterocarps (Diptocarpus kerriy, which produce resins
rich in essential oils (Gianno 1986); Shorea pinanga or lipe, vields a useful resin called damar batu;
Agquilaria spp. (karas tree) has valuable resins in roots and branches callea gharuwood; Pirus merusii is
prized and cultivated for its resin from which essential oils are distilled.

12
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Scurce: Nagasmpagi, 1988.



Table 2. Additional MPTS Impnrtant within Specific Distribution Ranges and Cultures.

Scientific Name

(Common Names)

Regicn
Cultivaied/Characteristics

Products/

ey

Process/Operation

Remarks

References

Acacia catechu

(akasia. cassie. khair)

A. dealbata

(stlver waitle)

A. decurrens
(green wattle, akasia,

cassie)

A. jurnesiana

(pisst babul)

14!

A. leucophloea

(pilang. cassie)

A. melanoxylon

(Australian black wood)

LA, modesta
{phulai)

A. senegal
(khor)

S.E. Asia, Malay<ia, much of
Indiz except very hunud
regions: dry tropical, moist
subtropical: drought and fro

tolerant

temperate

tropical and subtropical

countries

dry tropical

S.E. Asia, Malaysia

temperate

dry subtropizal. dry tropical

Hot. Jry and barren regions of
Africa and Middle East Asia:
suited to rocky hills, dry sandy
flats or dunes with annual
rainfall between 200-350mm

pum Arabic, fodder, tmber, fuel, soil
conservation: leaves for fodder; heartwood extract
obtained by hot water extraction, called katha or
criteh which s high in catechin used as medicine,

dvemng agent

fuel. gum. tannin, fodder

fucl. tannin, fodder

fuel. tannin, fodder. gum. soil conservation

tannin

fuel. timiber. tannin, fodder

fuel. timber. gum. tannin. soil conservaiion.

fodder

fuel. fodder. tannin. soil conscrvation: gum as

main product. medicine

high potential for chemicais

trees are tapped and the gum tears

picked

Su~cno 1988

Rego 198S.

Rego [98S.

Rego 1985.

Suseno 1988.

Rego 1985.

Rego 198S.

NAS 1979, Rego 1985.
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Tabie 2. Contirued

Scientific Name Region Products/ Proves<‘Operation
(Common Name<) Cultivated:Characteristics tlees Remarks References
A tortilic Africa (semi-arid). Middle pods (8 i0cmi. fohage, wood dense. fuel, fodder, plantation culture. 10 vear rotatien; NAS 1979,
{(umbrella thera, Israch Facty India: very drought timber. fence posts, implements, firewod, coppices cisthy L harvest pods or
babool) tolerant; dry rocky. andy charcoal, soil stabization feaves and feed directy: best of 228
sites, 0°C 10 5 MHPUTPOse tree species tested in
Rapasthan, India: pexds are main
sustenance for B Afnca wildtife
Acgle marmelos wet tropical. moist tropical fucl. fruit, gum. bark and fruit (medicinal) Rego 198S.

(hel)

Aesculus indica

(horse chestnut)

Agathis sp.

(damar)

Ailanthuy excelsa

{imaharukh)

Albizia lebbeck

(siris)

A. procera

(safed siris)

Aleuritas moliucana

(kemiri)

Alpinia galanga, A.
mallacencis, A. nutans

(lengkuas)

temperate. subtropicai

S_E. Asia. Malaysia

dry repical, moist tropical

dry tropical, maist tropical

dry subtropical. moist tropical,

wet subtropical, wet tropical

S.E. Asia, Malaysia

S.E. Asia. Malaysia

timier, fodder. fruit, ornamental

copal

timber. packing cases, boards. hark (medicinal),

fishing floats

timber. fodder. fuel. medicinal

furl. fodder. timber

oil

food spices. alpinia oil. rhizome. distillation of

rhizome. traditional medicine

a valuahle resin exudate

dictillation of sced

Rego 138S.

Suseno 1988,

Rego 19RS.

Rego 1985.

Rego 19RS.

Suscno 1988.

Suseno 19RR.
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Tabhle 2. Continued

Scientific Name

(Common Names)

Region

Cultivated'Characteristics

Products/

Uses

Process/Operation

Remarks

References

Amanuen kengluea. A,
cardamonum. Elletaria
cardamenium

{Kapulaga)

Anacardium occidentale 1.

(jambu met=, cashew nut)

Anogeissus latifolia
(axclwood, bakli)

A. pendula
(kardhai)

Aguilaria spp. .
tkaras trec)

Arenga spp.

(pohonaren, sago palm)

Artocarpus communis
(bread fruit)

A. integra
(nangka)

S E. Asiae Malayaa

throughout topic and subtropic

region; 0-3000 m alt_;
500-4000 mm rainfall; wide

site tolerance

Ranges from Africa to Arabia.

India and S.E. Asia: dominant

species in dry deciduous

monsoon forests; dry

subtropical, moist subtropical,

moist tropical

dry tropical

Malaysia

S.E. Asia, Malgysia

moist tropical, esp. Indonesia

S.E. Asia, Malaysia

seed for cosmetic and medicine. Cardanywen ol

cashew nut: kernel. cashew apple, <hell hiquid.
gum, tannin, feaves, nut eaten, apnle is processed
for drinks. highin vitamuin C. leather preparation

or glue, vegetable, fuel

poles. rafters. tuel. fidder. gum (light yellow or
brownish gum known a< pum gatty or Indien
gum. cxuding from the bark serving in
pharmaceuticals and calico printing); used on host

plant for tassar silkworm rearing

fuel, fodder

aromatic; resin permeated wood roots and

branches: possibly pathological; incense

Aren sugar, roofing

timber, fruit, fedder

unripened fruit, vegetables, fodder

distilfation ol scedd. intensive

lump.my\:lrx Sstem

2-3 kg per tree harvested annually,
up 15 IS kg per tree per year:
excellent for sonl conservation,
provides valuable sieids, suitable for

tanngyva svstem

felled trees may yiceld thousands of

dollars of wond per tree

dried leafl: swamp forest species
Mctoxylon sagu yields starch from

stem

fruit production by single tree can be
450 kg per year; high carbohydrate;
profitable for farmer

fruit production by single tree can be
400 kg per year, high carbohydrate;
profitable for farmer

Suweno 198K,

Rudjiman 1981,
Venkataraman 1977,

Rego 1985, Little 1982.

Rego 1985.

Giannc and Kochummen
1981.

Suseno 1988, Wee and

Rao 1982.

Rego 1985, Sus=no 1988.

Suseno 1988.
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Table 2. Continued

Scientific Name

(Common Namges)

Region

Cultivated’Characteristics

Peoducty/

Ulses

Process Operation

Remurhe

References

Avicenia spp..

(api-api)

Bauhinia purpurea
(khairwal)

B. racemosa

(jhinihora)

B. variegata

{kachnar)

Renda cxlindrostachys
(birch)

Borassus flabellifer
(L. palmyrah palm)

Beswellia serrata

(salai)

Bruguera spp.
(tancang)

Calliandra
calothyrsus Meissn.

tkaliandia merah)

S E Asia, Malayaa

moist tropical

suhtropacal, tropical

moist tropical, subtropical,

tropical

subtropical. temperate

Tamill Nadu. India; plains.

croplands, paddy ficlds. soil

sandy to clay

most parts of India

S.E. Asia, Malaysia

Introduced to Java from
Central Amer.; 150-1800m
alt.; min. 1503mm rainfall:
shade tolerant; prefers fertile

soils

tannin, first quality for charcoal

gum, fodder, fucl

tannin, fibre. gum

cherry gnme bark cdye and mediciaby, fodder.

flower buds caten

essential oils, fuel, umber, charcoal

nera (a supary cwudate from cut end of
flowering spathe): palm sugar. candy .

handicrafts from leaves

Salai pum, sizing of paper
£ 3 i

tannin, first quality for charcoal

leaves—22% protcin; flowers. ncctar, sceds.

shellac, fodder. honey. vegetable, weod coating.,

navellies

tapping of tree at 10-12 m in height;
cxported to 40 countrics: good

source of income to farmers

tapping tree vields oleo-gum resin
which can be distilled (stcam) with
cther, benzene. cte. to separate

essential oil, polysacharides and resin

gooad soil protecizii. deep roots,
high litter production. rapid growth,
nitrogen fixation, shrub up to 10m,

cvergreen canopy

Suseno 1988.

Rego 1985,

Rego 1985,

Rego 1985,

Rego 198S.

Jambulingam and
Fernandes 1987.

Sharma. Bhandari and
Shrivastra 1985,

Suseno 1988.

Rudjiman 1981.
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Table 2. Continued

Scientific Nanw

(Conunon Nanws)

Region

Cultivated/Characteristics

Products/ Process Operation

Uses Remarks

References

Canangizm oderata

(kenanga)

Cassia fisila

famaltasy

Celtis australis
(kharik)

Ceratonia silique 1.

(carob)

Cinchona ledge riana
Mocens
(vellow hark. ledger

bark;

Cinnamomeum burmani

(kayu mamnis)

C. camphora

icamphor, kapur)

C. cecidodaphne

(gundroi)

C. culilawun

(kayu teja. kulilawan)

Cupressus torulosa

(Himalyan cypress)

S E. Asia, Malaysia

moist tropical

temaperate, subtrepical

Dry climate characterized by
hot. dry summers and cool, wet

winters: wide vanety of soifs

India. Asia

S.E. Asia. Malaysia

muoist tropical

subtropical. temperate

S.E. Asia. Malay<ia

temperate. subtropical

Java cananga oil. Yilang-vilang oil is a blood distillation of flower

pressure regulator, sedative, antisentic

medicinal thark, front and leaves). tumber, tannin

troot amd bark)

tumber, fuell teadder, sports goods fruat (edible

and medicinaly, utensls

seed contains sngar sometimes sold as candy: can
be converted o svrup and fermented to a wine or
liquor; gum and fodder. feed. food, forestation
and <ol consersation

hieh conventrdions of phatord anmine. quimdine Last growing tree. up to 20 1. tall,
S 13T on cark ef stemoand roots ant: malana coppices: stumps grubbed out to

tqurnimey and - andiac depressant rgqunsidined ohrpn root bark

bark tor cookimg. cmnameon hark ol cinnamon disullation of dried bark: distiliation

feat o1l cosmetic and medicine of feaf

camphor oil ediamat

cabinet making. planks. construction work,

cssential oil

Lawang oil distillation of dricd bark

timber, furniture. Icaves (oil)

Suscno 1988,

Rego 198RS,

Rego 168S.

NAS 1979.

Staba 1988.

Suseno 1988.

Rcpo 1985,

Rego 1985,

Suseno 198K,

Rego 1985,
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Tahle 2. Continued

Suientitie Name

(Common Names)

Repron

Cultsvated Charactenstics

Products Process Operation

Uives Rennarks

References

Curcumnt fone
Zimgiheraceie)

thunar. kunyity
C vamtorhiza
(Zingiheraceae)

ttemulowak)

Cymbopocen cirrann

i~ciat lemon . bumbu)

C nardi

(serer. sereh wintergrass)

Detrs mdica.
Poneamia pinnata

(kinany}

Diospyro peregring

tkala tenduw)

Diprerocarpus kerri
(keniing gondaol)

Divobalanop <pp.
tkamper)

Emblica officinalis

tamla)

S B A Malayea

S EAsa, Malaysia

S EAS L Malayaa

S B Asia Malaysia

Natove to Indian subcontinent,
now widely introduced
throughout the world '~ humid
lowland tropies. mcluding
Philippines. Malayvaa,

Austritha

monst tropical

Malaysia

S Asia. Malaysia

wild and cultivated throughout
much of tropical Asia.
including central and southern
India. Sri Lanka. Burma.
Malaysia. S. China

tradhiional mediome, curcama oil

of thizome

medivine. beverages destllition of rhizoame

spices. beveriages, lemongriss oil distillation of leaf

spices. beverages, Eva otronella ond
N

davs

o from seed tor lubricant. fuel in kersosene
larmp. feather dressme. manufacture of soap,
vasnish and pamnts. and medicine: pressaihe after
seed ol s exdracted has msecticidal and pesticidal

properties, ponliry feed and fertilizer

gum. tanmn thvane. tanming and medicine). seed

tmedicinal o5t constructionial wown)

olcoresin from wood - khening oil. Gurjun tapped and enllected weekly

halsam cssential it perfume Iike patchouly ol

camphor

fruit contains vitarmia C (ascorbic acid) in high
quantity; hark used in taminga dying. hair dyes:
fodder. tannin, timber, fuel: very sour fruits
caten fresh, dried. preserved. bark sometimes

used in medicine

tresh and doed powder. distitlation

distillation of leaf after dried 1-4

Suseno {O8R.

Suscno 19RR.

Susenn 198K,

Suseno 1988.

Litle 1982,

Rego 198S.

Gianno and Kochummen

1981.

Suseno 1988,

Little 1982,
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Table 2. Continued

Saienhiiic Name

tCommon Names)

Region

Cultivated/Chasacteristics

Products/

Lises

Process 'Operation
Resnarks

References

Fucalvpiis citrisdora

tlemon seented spotied

gumy)

F o clobulus

thlue gum)

Forereticorms

fmysore pum)

E owrophydia
b ulba

tamptpu. hue)

Fuvema convopillaia

ivenghel)

Fravenus eveelsa

tEuropean ash)

Garnga pinnata

(Kharpat)

Gaultheria punciata

(gandapura)

Coorclina arborea

tyamhar)

Conetum semon L

fmehingo)

Cirevillea rehbusia

tativer oak)

subtropical. moist tropical

temperate

dry tropical. moist tropicat

S_E. Asia. Malayaa

S.E. Asia. Malaysia

femperate

moist tropical

S.E. Asia. Malaysia

maoist tropical

S_E. Asia. Malayviia

subtropical

tucel, o (medicinah)

timber, paper. essential oil

timber. paper. cosential oil. fucl, ply wood

bee honey. Eucalvptus vl

dove ol clove aem ail, clove leat oil

tumber. furniture. axe handles. gum. carriages.
haat hwildings. sports goods

timher, furniture. hark (tannin), findder
Gaulthera oil (minyvak gandapura medicine)
tunber. printing block, musical instruments. cart
axdes, tuel, mediomal

chip. vegetahle

gum, resin. timber, fucl, ornamental

bee keeping. distillation of teaf

dried Nower distillation, lcaf

distiliation

leal distilfite

fruit eaten

Rego 19RS.

Rego 19RS.

Repo 1985,

Suseno {988,

Suseno 19RR.

Rego 1985,

Rego 1985,

Suseno 19RR.

Rego 1985,

Susrno 198R.

Repo 198S.
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Table 2. Continued

Scrennfic Name

(Common Nanwsy

Repion

Cultrvated 'Characternisiies

Produets

Uises

Prowess Operation

Renuirhs

References

Hardvwickia binata

Langm)

Holopreha
oregrtfolia

thanpu

Juelons regia

twalnut)

Kuempferia galanga
tZingiberaceac)

tKencur)

[agerstroemia speciosa

tyarul)

Mesthuca longifolia

tmahua)

Mangifera indica

(mango)

Massei aromatica

fmesoyi, masoi)

Mellalcuca
teucadendron

(kayu putih)

Mesua ferrea,

{nahor)

dry tropical

dry trapical. mowt opical

temiperite

S.E. Asia. Malaysia

manst tropical

dry tropical

dry tropical. moist tropical.

wel tropical

S E. Asia. Malaysia

S E. Asia, Maaysia

maoist subtropical. moist
tropical, wet tropical. wet

subtropical

timbei s posts and beame, Hibres lor ropes.,
!

olenresins

fucl. charcoud, brush back. light lurniure.

cabimetses plvwond todder

timber. punstochs. truts

traditonal medicme. spices. beverages, atsiri oil

tmber. medicinal. fodder, furmture. poles.,

sleepers

timber, fuel, fruits and flowers edible. oil

cdible fruits, fany oils, plywond. shoe hecls

otl for cosmetics and perfume

cajuput oil: fuclwood

box planks. fuel. paper pulp. medicinal

distillation of powder bark

distillation of Icaf: a very valuable

oil

Rego 1985,

Repo 1985,

Rego 198RS

Suseno 1988,

Rego 168S.

Rego 198S.

Rego 1985,

Suseno 1988.

Suseno 1988.

Rego 1985.



Table 2. Continued

Scrennific Name Region Products/ Process/Operation

(Conimon Names) Cultivated’/Characteristics Uses Remarks References

Michelin altha S E - Aaa Matavaa champaca oil. champaca leaf oil distillatron of flower and leaf Suseno 19RR,
(cempaka putine

M champaca mast tropical. wet tropical: tmber, fuel. fanty oil. champaca oil. champaca distitlation of Nlower Rego 14985,

fchampa. Cempaka

huningy

Morus <pp
tmurbet)

Myrivtiea fragrans,

(East Indian nutmeg)

fnalay

Pallagiium ~pp.
(perci)

Pervea amicricana

talpikat. avicado)

Pheliophorum spp.

(\opir)

Prinves ellion

(sash pine)

P insilars

(khasi pinc)

P merkusii

{tusant)

S E Asi Malayvaa

S E Ao, Malavaa

S.E. Ast Malavaia

S E Ava. Malaysia

5. E. Asia. Malaysia

S.E. Asia, Maluysia

«btropical. tropical

~suhtropical

S.E. Asta. Indonesia,
Malaysia, Phiiippines: S4:2000
m alt - 1200-22() mm rzinfall;

O7-2R"C: wide site tolerance

feaf ol reun

Teaf silk stk worm rearing

sprees. candied fruit (sweets). nutmeg oil. mace drying of nutmep and focli:
ol nutmeg contrete distlation of nutmey and focls
gum

fruit. avocado oil distllation of <eed

tannin

timber, resin. pulpwood

tmber, resin. pulpwood

oleoresin by tapping: turpentine (24% of resin tapping of resin, distillation

tapped from treey. solvent: pine needle il

Suscno TYRE.

Suseno (98K,

Suseno 1988,

Suseno 1988,

Suseno 1988,

Suseno 1988,

Rego 198S.

Pego 1985,

Rudjiman 1981,
Meculenhoff and Silitenga
1978.
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Table 2. Contiiued

Scentific Name

(Common Names)

Region

Cultwvated/Characteristics

Products

Ulses

Process Operation
Remarks

References

Pine by tle

(sirih . suruh)

P miernm

el pepern)

Pihecellobim dide e

tangh. pdebiy

Putinporum

resiniterum

Pogostemem cablin

(nitam. dhilem)

Peneamia pinpata

tharany

Prosopiv iilensis

(hikkar)

P cmneraria

(jand. shami)

Prerocarpus indicus

angsana, <ono kembang)

P. marsupium

(hijasal)

S E. Asia Malayia

S.E. Asias Malaysia

tropical

Philippines: 30 m tall

S.E. Asia. Malaysia

dry tropical

dry tropical

Southwestern Asia; dry,

tropical

S.E. Asia. Malay-ia

moist tropical

tradional medicine, hetle vine ol for medicine

tradisonal medicine. peper il

paching cases. fucl, fodder. edible Truits, fatry ol

froit. walnut size. rich in light oil. fuel. torch

hight

patchouli il

seeds—fatty onl. furniture. turnerv articles, fuel,

fondder. medicinal

fuct, fodder, small timber, soil conservation

pode for fodder: high protein food additive

fancy wood. luxury wood. oil. fodder

gum. kino (medicinal). railway carriages

firewood. fodder constructional purposes

fresh deal. distullation of Jeaf

trust powder. distiffation of dricd

frog

pinene €387 and myreene (407,
siclds 618 kg vr per tree. grown in
plantations. harvest ol projected at
6 10 bblacyr. carly development

Nape

disallabion of leaf: a valuable oil in

commeree

netan mmportant chemical species—

lack of rescarch?

distiifation of fower

Susenn 19RR.

Suseno 198K,

Rego 1985,

Noble 1978, Nemethy and

Caivin 1982.

Suscno 1988,

Rego 1985.

Regn 198S.

Little 1982.

Suseno 1988,

Rego 1985.
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Tak!s 2. Continued

Scientific Name

(Common Names)

Region

Cultivated/Characteristics

Products/

Uses

Process/Operation

Remarks

References

P santalina
(cendara merah. red

sandalwoond)

Frerocymbium

tnctorium

Quercny hineata

Hadan oak)

Sevrtteileeer alhiom 1.

(eendana, sandalwood)

Seshania grandiflora

{agah)

Sehcleichera oleosa

(tkesambi, kosambi)

Srenoprera spp.

ticngkawang)

Stercutia urens

(Kuraya)

Stereospermon suavelens

{paral)

Stvrax henzoid

tkemonvany

S.E. Asia. Malaysia

tropical, islands region

temperate

S E. Asia, Malaysia. dry

tropical

S E Asia. humid tropicai.

RO m clevation. wide range of

soils

S E- Asia. Malayia

S.E. Asia. Malayia

dry tropical

moist subtropical

S.E. Asia. Malay<ia

sandalwosd oil, fodder

caring. dye. medicinal. fuel. fodder. musical

instriments

tuel. bark and leaves --tannin

sandalwood ol wood handeratt, medicinal.

perfumery, fodder

fuclwond. bark tannin. ornamentai: foliage for
preca manure: deaves, pods used for vepetahles,

fodder

vegetable. first guality of charcoal. lac. mecassar

oil

cosmetic oil

gum karaya. timber. toys, match hoves and
sphints. fuck. seed (edible)

timber, carriages, wagons. furnuture. fuel.

charcaal, medicinal

sty rax pum

distilfation of wood

distiflation of vaot and woed gives
vittnable oil; research needed for
extensive plantation culture and

utilization

excretion of Laceiferlaca in

hranching. fruit caten and distillation

fruit preserve

Susenn 1988,

Rego 985,
Rego 1985,

Suseno 1988, Rego 19R3

Littie 1982.

Suseno 1988,

Suscno 1988,

Rego 198€.

Rego 1985.

Sveeno [ORR.
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Tabie 2. Cortnned

Sawentific Namwe

(Common Names)

Region

Cultivated/Characteristics

Proxciucty Process‘Operation

Uaes Remiarks

References

Svoverm cuminm

(jaannn)

Tamarindus indica

ol timarind teees

Terminatia alata

(laureh

T bellirica
(hahera)

T catappa

(Indian alinond)

T chebula

(harra)

T. crenvlata

(laurel)

r

myriocarpa
(hollock;

Trewia nudiflora

(gutel)

Zingiber officinale
(Zirgibcraceae)
(jahe)

Ziziphus mauritiana

(ber)

moist tropical

Tamnl Nadu. Ind. dny

tropicat. wide vanety of soel

{ypes

tropica’

moist tropical

tropical

maoist tropical. tropical

moist tropical. dry tropical.

wet suhtropical

maoist tropical

tropical

S.E. Asia, Malaysia

dry tropical, moist troyical

trigt cedhbic and medicmaly. tmber, plyswood.

fued fodder . match wood

fraat polp ssances amd chutnevy, medicinal,
owdder. tamber, tuel. charcoal, pum for ewi’c
sang L papes amd e products gum
telegraphic and clectrie poles, constructionad

purposes. agricultural implements . tool kandles,

rarhwany wagons, pulp, todder

timber. pulp. plywood. frut. medicinal. fodder

timher. mine-props. plvwood, bark (tarnin and

oxalic acid). fodder. leaves for tasar itk worm,

seed, ol

frutts. medicimal . timber

timber. fodder. bark (oxalic acid)

jute Ll rollers, fuel. fodder

timber. plywoad. fuel. medicinal

preserved ginger. ginger ale. ginger oil

fruits. fuel. tannin. medicinal. fodder

cdible pulp s extracted from pods:

seed ground to produce a pectin-like

Rege 19RS

Rego 198RS, NAS 1979,

Rego 198S.

Rego 198S.

Rego 1985, Little 1982,

Rego 1985.

Rego 1985.

Rego 198S.

Rego 1985.

Suseno 1988.

Rego 198S.




Many species yield important commercia! oils, including Santalum album (sandalwood), Dalbergia sissoo
(rosewood oil), Pittospornum resiniferum, Canangium odoraia (yilang-yilang oil from distillation of
flowers), Cinnarmonuum burmani (cinnamon bark oil), Eucalyptus uraphylla (leaf oils), Mellaleuca
leucaderdon (capiput oil), Mynistica fragrans (nutmeg oil), Pogostermon cablin (patchouli oil), and many
others, including Pinus roxburghii, P. elliotti, and P. khesyaand. Several institutes are actively
rescarching the oil species to determine compositions and vields (Ybrahim 1988a, 1988b). However,
considerably more emphasis is needed on resin and oil-bearing species because they offer good income
potential for small farmers. Research is also required to improve methods of stimulating resin
production, more cfficient collection systems, and localized processing.  Further, the opportunities for
plantetion culture of aromatic plants, such s Aleuritas (tung oil), Shorea spp. (fruit, fat, and resin),
camphorwood, sandalwood. rosewood, and others are substantial as is evidenced by results in mainland
China.

Many MPTS have edible parts that can contribute sigeificantly to staple dicts. These include
bananas, durian, mangocs, illipe nuts, walnuts, breadfruit, hamboo shoots and other tree shioots or leaves,
and starch from sago palm.

Individual species vield various products, such as dves, tannins, gums (Acacia catechu, Astragolus
spp.). medicinais, sheliises, perfumes, sugars, and animal feeds that rescarch could help develop further.

Specialty MPTS

This category of MPTS includes some unique species for testing in terms of producing non-wood
products on plantations. Shorea pinanga (illipe or red meranti) is a good example of & MPTS that plays
ar important role in the economic well-being of farmers practicing agroforestry.  The illipe nut provides
substantial income to farmers hecause it contains flavoring substances, perfume components, and is
edible. serious consaderation should be given to the continued introduction of special-purpose exotic
species into Southeast Asia The jojobu uee (Simmondsie chinensis) is a dry-site species that vields a
valuable wik and oil. as well as other products (Table 3y, It could provide farmers income if prehminary
research shows feasibilinn (Yermanos 1979), Chinese tallow tree (Sapium sebiterum) s a seed oil tree
that lends itell to intenave culture on small farms. 1ts attributes and potentials are well described by
Cowles and Scheld (1987). Gleditsia triacanthos (honeylocust) is capable of producing large quantitics of
pods that are rich in sugar and proicin. The pods may be fed to livestock but research into their
chemistry may reveal other uses of this drought-hardy tree. Rattan (Calamus caesius), although a woody
vine, grows intimately with forest trees and is widely used for its fiber throughout the world, The
chemistry of rattan is littls known 30 additional rescarch along these lines would be justified. The
Empress tree. or Pawdownii, i populur in South Ching because of its extremely rapid growth, fine wood,
and other uses. Rescarch onits chemistry and cultural requirements in other parte of Asia should be
undertaken. Finally, the rubher tree (Hevea brasiliensis) is perhaps one of the most highly rescarched
and intensively cubiured species in Asia. Yet other facets of its cultivation, especially as a souree of
bee honey, deserve increascd attention {from rescarchers.

There is certainly @ wide range of opportunitics for developing new chemical resources from MPTS
and for making alrcady important specics even more useful to farmers.
CONSTRAINTS AND OPPORTUNITIES

As suggested in Fig 1, the utilization of non-wood products from tropical specics may begin with
trees growing either ir natural stands or cultured in plantations. Plantations may be large-scale or on
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Table 3. Spzcialty MPTS.

Scientific Name
{Common Names)

Region
Culiivated/Characternistics

Producis/
Uses

Process/Operation
Remarks

References

Calarius caesius
(blume, rattan,

rotan scga)

Giedusta
iriacanthos

(honey, locust)

Hevea bro_iliensis
Muell.
(rubber)

Pauiowaia  spp.
(Paulownia, Empress

iree)
Khzophora macronata

{mangrove)

Sapuum sebiferun:
{Chinese tailow tree)

woody vine growing
throughout tropical
rain forests, up to
150 m in length

N.E. America but
adapts to wide range

of conditions; drought
hardy, subtropical,
grows 10 45 m but yields
pods in 34 years

S.E. Asia, tropics

S. China, subtropical;
extremely rapid growth,
coppices

Malaysia

Central S. China, semi-
tropical; widely planted
in Asia and S. America

cone, fiber, extensively for rope,
houss construction, baskets,

sleeping mats, chennistry unknown

nods (up to 5 cm x 45 cm), rich in
sugar and protein; 430 kg, dry
pods/trec/year max; livestock feed,

shade, ornamental, fuci, lumber

tapped for latex to make rutier,
provides substantial income for
farmers; extensively cultivated and
rescarched; excellent source for bee

honey, seasonal

intercropfed with other spectes,
leaves uscd for fodder; sawdust

for mushroom culture

tannin from bark (157 of tree),

high potential as adhesive

white seed coat contamns a hard,
cdible tallow used 1n soaps, candles;
kernal oil 1s a good drying il

similar to tung or hinsecd

harvest pods for fodder, grind
or rush; excellent fo7 ¢ vo-
stony agriculture due to
transiucent crown; legume but

docs not fix nitrogen

iesearch nceded on chemistry

gather, grind, extract bark
with water; bark presently

wasled

extensive tnals needed to

iniroduce to cultivation

Weinstock 1984.

NAS 1979, Gold and
Hanowver 1987,

Nair 1987.

Vondra 1988.

FRIM 1987

NAS 1983, Cowics and
Scheld 1987.



Table 3. Continued.

Scientific Name

(Common Names)

Region

Cultivated/Characteristics

Products/
Uses

Process/Operation
Remarks

References

Shorea pinanga

(red meranty, illipe)

Simmondsia chinensis

(jojoba)

S.E. Asia, Sarawak; widely

cultivaied

Sonoran Desert of Mexico and ULS:

drought resistant, tolerates
temp. to 400 C;abushto$
in height; long-lived (100 + years)

nut, flavor. perfume, fat from nut
used in chocolate industry,
provides substantial income

for poor

liquid wax, pohshing wiry; cosmctics:
cooking oil; lubricant; animal leed
and feed supplement. browse obtamed
from sced and leaves: 14-18 ke seeds/
tree, 400 kg /ha

farmers extract from nut;

scasonal fruiting, sporadic

ol requires httle or no

refining, 45%% vield, is
& -

cquivalent to whoie sperm oil;

stores long-term

Muclenhoff and Silitcnga
1978.

Yermanos 1979.




individual farms, often in an agroforestry system. Although some problems associated with developing a
MPTS product are unique to a particular cultural system, many are cominon to both.

Perhaps the greatest challenge in having farmers adopt any new system is being able to educate and
demonstrate to them the benefits and implementation of change. As seen in Tables 1-3 and the
discussion above, there are innumerable MPTS uses for gums, resins, and exudates based on a long
history of traditional practices. Thercefore, new products and procedures must be carefully introduced
and adopted by farmers with: tneir own modifications to ensure long-term success.  Well-designed
experiments followed by well-developed demonstrations will be keys to implementing new or better ways
of culturing and utilizing MPTS.

Although our present knowledps base for non-wood products is substantial, the potential for increased
utilization of MPTS for chemicals, ele. is cnormous.  There are several reasons for this. First, there are
thousands of species available for exploring new uses. Second, only recently have powerful analytical
methods been available to sereen rapidly for chernicals in plants. For example, analyses that used to
take a lifetime can now be done in days or weeks with gas or liquid chromatography. Third, the world
demand for many tropical specics products is large and values are often high in the world markets.
Fourth, there is genuine worldwide concern for the well-being of tropical forests and the people who
live in and derive their liveshood from them. This consideration, along with cconomics, is probably the
driving force that will ensure that chemicals become an even more important commodity obtainable from
MPTS.

The nine points listed below constitute general recommendations for future research to help expand
use of non-wood products from MPTS:

1. find new species as sources of useful products,

N

develop new or hetter uses for existing MPTS,
3. preserve the genetic diversity currently available in tropical ecosystems,

4. improve species selection through tree improvement procedures,

W

improve methods of collection and harvesting the products,

6. develop methods for sustained production,

7. develop markets,

8. process products at local levels to the fullest extent possible, and

9. carcfully integrate nzw developments into existing social systems.

SPECIFIC RECOMMENDATIONS

Traditional harvesting or collection of non-wood products from tropical forests and their utilization
both locally and in world markets has considerabic potential for expansion. A key requircment for
assisting such cxpansion is carcfully planncd and exccuted research projects to open new opportunitics
that can eventually be adopted by farmers. The following 12 recommendations are designed to guide

2Y



researck planning by Winrock International in small-farm production of non-wood products, especially
gums, re: ns, and exudates.

1. An_international workshop on develuping non-wood products from tropical forests should be held in
1989 or 1990 at an appropriate location in Southeast Asia. The purpose of this workshop would te to
bring together experts in the biological, technical, economic, and social sciences who could develop a
“state-of-the-art” document.  This workshop would serve to focus wide attention and stimuiate further
research on the vast potential of non-wood products for future development in tropical iorests.

2. Establishment of a formal cooperative center or institute in Southcast Asia would act as an
information clearinghousc and rescarch and coordination facility for non-wood forest products. Dr.
Sallch Mohd. Nor (198¢), Director General. Forest Rescarch Institute Malaysia, has also proposed that
a similar institute be located at Kuala Lumpur. Such an organization would provide the international
focus, knowledge base, long-terin continuity, and planring and coordination opportunities that are
desperately needed to bring the presently dispersed non-wood products industries into their
deservedly leading economic role in the tropics.

3. Sclected high-priority MPT* widely grown by simall farmers should be screened for new chemical
substances.  Fmphasis should be given to the following species:

Acacia aunculiformis

A. mangium

A. nilotica

Azadirachia indica
Eucalvptus camaldulensis
Robiniu pscudoacacia

Systematic chemical characterizations aimed at revealing chemicals that can be collecied by
farmers are needed for these species. Although neent or Azadirachta indica is probably the
furthest along in terms of prohling its chenuistry and product development, much remains to be
done even on that remarkable sy.ccies. The others listed are also high priority for chemical
screening.

4. Analysis of the primary species from which oleoresing are obtained by farmers is needed. Species
such as Pinus merkusii and Dipterocarpu:s kerri should be emphasized and studied from the following
standpoints:

0 gencetic variation in resin yield and composition, especially as composition affects quality of
resin,

0 improved techniques for tapping of trees to increase yields and efficiency of operations,
o investigation of the use of the stimulant paraquat for increasing yicld per tree, and

0 optimized marketing and processing of farmer-gathered materials to increase returns to local
cconomics.

5. The following specialized species-products systems should be carefully evaluated by economists and
sociologists and possibly targeted for demonstration and development:



6.

-4

8.

o Becekeeping and honcy production. This is a lucrative enterprise for small farmers that
invoives spccies such as rubber tree, acacias, Eucalyptus spp., and Robinia pseudoacacia.

0 Sericulture. Cultures of Morus spp. and silkworms to produce silk are highly amenable to
further development in Sovtheast Asia.

c Production of valuable shellac and lacquers. These are derived from culturing Agathus
lorantifolia and the inscet Laccifer lacca to produce the intermediate substance copal.

Tannins derived from gathered bark of several specics, including the necm tree, other acacias, and

mangroves, arc  exccllent binders and adhesives that could enter world trade in a significant way.
Current rescarch should be expanded and results implemented by economists, extension specialists, and
sociologists.

The remarkable illipe nut from Shorea pinange or S. macrophyila vieids vseful substances that should

be characterized and marketed.  The seed fat is especially valuable as a cocoa butter replacement in

chocolate.

Versatile rattans deserve strong rescarch emphasis because they already have proven roles in world

markets that can be substantially incicased with more rescarch. For example, plantation culture of
rattan should be developed as the natural forests are removed. There is a great demand for
disposable chopsticks, made from rattan, and rattan furniture is prized around the world,

9. Tissue culture_rescarch should be conducted to develop methodology for selected species including

10.

11.

rattans, rubber tree, Pinus merkusii, and bamboo. This is necessery 10 accelerate genetic
improvement programs for these valuable species and o ensure preservation of genetic diversity as
mature forests are depleted.

Several highly promising new exotic tree species should be_researched for possible use in Southeast
Asla, including the Chinese tallow tree, jojoba, Faulowniu, and honeylocust. These species offer
unique opportunitics for small-farm income or on-farm use for feed or fertilizer if their culture can
be established.

Social-science studics of non-wood forest products at_the village level should focus on their usc,
management, and ccology n 4 holistic framework. These would include methods of collecting,
managing. and propagating forest resources and would integrate cthnological, economic and ecological
data about people and forests ( Padoch and Peters 1988).

- Tree improvement programs should be initiated for all major snecies involved in plantation culture

from which chemicals may be derived.  These programs encourage farmers o tend trees intensively as
crops, enable improved crop outputs or quality, and invariablv show high benefit/cost ratios when
carcfully undertaken. Such programs are critical (o increased utilization of the priority MPTS and
other high-prioriiy specics.

31



REFERENCES

Adeyoju, SK. 1980. The future of tropical agroflorestry systems. Common For. Rev. 59:155-61.

Ames, G.R,, M.C. Rajan, and W.S.A. Mathews. 1969. Geographical variaticns in the composition of Pinus
merkusii turpentines.  Trop. Sci. 11:170-76.

Ando, Yacob. 1987, Isolation of oleoresin from Cassia vera bark by percolation process. Bogor,
Indonesia Comm. 4(1). Bogor: For. Prod. Res. & Dev. Centre.

Ando, Yacob and Suwandi Sumadiwangsa. 3983. Determination of cajuput oil quality by the
cristalization method. Bogor, Indonesia Comm. Rep., No. 167. Bogor: For. Prod. Res. & Dev. Centre.

Anonis, D.P. 1988, Cassic (Acacia) in perfumery. Perfumer and Flavorist 12:31-36.

Ara. Hfat, B.S. Siddiqui, S. Faizi. and $. Siddiqui. 1988, Terperoids from the stem bark of Azadirachta
indica. Phyvtochemistne 27:1801-04.

Banks, J.C.G. and W.E. Hillis. 1969, The characterization of nopulations of Eucalyptus camaldulensis by
chemical features. Aust. J. Bot. 17:133-46.

Beri, RML P.CoDobhall and K.S. Ayyar. 1982, Indian For. 108:669.

Bhat, DN, 19880 Oil seeds of forest origin--a rough cstimate of availability. In Trends in tree
sciences, eds. Khosla and - Schead, pp. 329-32. Solan, India: Indian Soc. Trce Scientists.

Blair, Harry W.oand P.D. Olpadwala. 1988, Planning for appropriate forestry enterprises: Lessons from
rural development expericrce in Thizd World countrics. New For. 2:41-64.

Calvin, Mcelvin 1983, New sources for fuel and materials, Science 219:24-26.

Campbell, J.Y. 1987 Tropical foresiry and biological diversity in India and the role of USAID/New
Delhi. Mimeo I+ . New Delhi: USAID

Chauhan, N.S. ard P.K. Khosla. 1988, Commercially important medicinal plants of Himachal Pradesh. In
Trends in tree-sciences, eds. Khosla and Sehgal, pp. 81-98. Solan, India: Indian Soc. Tree Scientists.

Council of Scientific and Industrial Rescarch. 1948, The wealth of India: A dictionary of Indian raw
matenials and industrial products. New Delhi, India.

Cowles, J.R. and H.W. Scheld. 1987. Cultural and management practices for the Chinese tallow tree as a
biomass fuel source. U.S. Dept. of Energy Final Report, contract #19X-09059C.

Dell, B., and AJ. McComb. 1978. Plant resins--their formation, secretion and possible function. Ady.
Bot. Res. 6:227-316.

Deshmukh, D.K. 196¢. Characterization of chir pine (Pinus roxburghii Sargeni) for resin yielding
capacitics. /nd. For. 92:368-9.

32



Dogra. P.D. 1971, Oleoresin viclding pines of India. Sympine (Tech. Papers):B1-14.

1972 Variability and geneties of oleoresin vielding pines. Plant Sci. 5:7-18.
Erickson, R.E. 1976, The indusirial importance of monoterpenes and essential oils.  Licydia 39:8-19.
F/FRED Project. 1987 F/Fred--dsic progress report. Arlington, Virginia, Winrock International.

Forest Products Rescareh and Development Centre. 1986, List of publications of vie Forest Products
Rescarch and Development Centre. Bogor, Indonecan (includes 1980 and 1987 :upplements).

Friedrich. H. 1976, Phenvipropanoild contituenis of cssential oils. Liovdia 39:1-7.
FRIN. 1957 Research programme: 19571990, Kuale Lumpui: Forest Rescarch Institute Malaysia.

Granno, Rosemary, I The exploatetion of resinous products in g towland Malavan forest. Wallaceana
4310,

Gianne, R, and KA Kochummen, 1981, Notes on some minor forest products. Phe Malavsian Forester
31:5001-08,

Gold, M. and IW. Hanover, 1987, Agroforestry systems for the temperate zones. Agroforestry Systems
S:300-21.

Gupta, LK. and G.S. bogra. 19870 Importance of Robinia pseudoacacia as a bee forage. In Social
foresin: for rural development, eds. P.K. Khosli and R.K. Kohli, pp. 215-17. Solan, India: Indian Soc.

Tree Scientists.

Hartovo and Tiatu Nurhavatio 19740 Pine tar from Powes merkusdi Jungh. et de Vil of various resin
coptent. Bogor, Indonesia, Comm. RN, No. 5.0 Bogor: For. Prod. Reso & Dev. Centre.

Hartovo and Nurhavat: Sachris 19770 Destructive distillution praducts of some Tndonesian wood and
their prospect of utihvation. Bogor, Indonesia, Commni. Rep., No. ¥6. Bogor: For. Prod. Res. & Dey.

Centre.

Heinstein, Paer B2 198RS Future approaches to the formation of secondary natural products in plant
suspension cultures, 2o Nae Prod. 48:1-9,

Ibrahim, J. 19884, TTie essentiad oil of Dipterocarpus kenii, Occasional Paper. Kuala Lumpur: Forest
Rescarch Institute Mulavsia,

19880, Tupping »f oleoresin from Dipterocarpus kenii. Occasional Paper. Kuala Lumpur:
Forest Rescarch Institute Malavsia (in press).

ICRAF. 1987, Agroforesin. Nairobi, Kenva:  International Council for Rescarch in Agroforeciry.

Jambulingam, R. and £2.C. M. Fernandes. 1987, Multipurpose trees and shrubs on farmlands in Tamil Nadu
State (India). Agroforestry Systems 4:17-32.

Kasmudjo. 1979, "Soga” extract from the bark of Acacia auriculifornis. Duta Rimba 5:15-20.

33


http:ndons.ia
http:Indon.ia

Khosla, P.K. 1986, Genetic improvement of agroforestry trees.  In Agroforestry systems--a new
challenge, eds. Khosla and Puri, pp. 151-60. Solan, India: Indian Soc. Tree Scientists.

Lange. G.K. and KA. Bauer. 1930, Progress in the synthesic of the sandalwood fragrance 3-t1ans-
isocamphyleyelohexanol. In Fragrance and Jluvor substances, ed. R. Croteau, pp. 111-21. Pattersen,

W. Germany: D and Ps Verlag,

Larew, Hiram G. 1985, LimiteG occurrence of toliar-, rooi-, and seed-applicd neem seed extract toxin
in untreated plant parts. J. Econ. Entomol, 81(2):593-9K8.

Litde, E.L, Jr. 1982, Common fueiwoond crops. Morgantown, West Virginia:  Communi-Tech. Assoc.

Meulenhoff, LW.M. and T.M. Silitonga. 1973, The importance of rinor forest products. I Proc. 8th
World Forestry Conpress, pp. 1322-45. Jakarta, Indonzsia,

Midgley, SJ., K.Gi. Eldridge, and J.C. Dorn, 1987, Genetic reseurces of Eucalvprus camaldulensis. In
Trees on smail farms: Multipurpose tree species research for the anid and semi-anid tropics, eds. D.

Taylor and L. Medema, pp. 89-90. Arlington, Virginia:  Wintock International,

Nair, PR.R 197, Agroforestn svstems in majer ecological zones of the tropics and si:btropics.
Werking Paper Noo 47 Nairohi, Kenyar ICRAY,

Narayana, KH.S. H.D. Kolkarui, RA. Srimathi, and KR, Venkatesan, 1988, Sandal oil estimation in
small quantity of material through extractive-oil correlation. In Trends in tree sciences, eds. Khosla
and Schgal. pp. 204-07. Solan, India: Indian Soc. Tree Scientists,

NAS. 1975 Tropical lequmes: Resources forthe future. Washington, D.C.: National Academy Press,

1980, Firewood crops. Washington, D.C.: National Academy Press.

1S3 Firewood crops. Vol 20 Washington, D.C.: National Acadermy Press,

Nemcthy, EKK. 1984, Biochemicals as an cnergy resource. In CRC cntical rev.ows in plant sciences 2,
ed. Lipinsk, pp. 117-29. Boca Raton, Florida: CRC Press.

Nemethy, EK. and M. Calvin, 1982, Terpenes from pittosporaceae. Phviochem. 21:2981.
Noble. B. 1975, More secrets of the petroleum nut. Cunopy 4:4.

Nor, Sallch, Mohd. 198%. Project Proposal for the Sctting Up of a Non-Wood Forest Product Center at
Forest Rescarch Institute Malaysia, Unpublished Report.

OTA. 1983 Plants: The potentials Jor extracting protein medicines and other uscfil chemicals.
Washington, D.C.: U.N. Congress Office of Techaology Assessment, OTA BP-F-23,

VIS4, Technoiogics to susialy tropical Jocest resources. Washington, D.C.; U.S. Congress
Office of Technology Assessment, OTA-F-214.

Padoch, C. and C. Peters. 1988, Ecology, use and management of minor forest products in West
Kalimantan, Indoncsia. Bulletin 12, pg. 3. Grant Proposal to U.S. Man and the Biosphere National
Committce,



Poramoncvi, N.V., N.G. Chkhaidze, and G.A. Sanadze. 1987. Ultrastructure of chloroplasts in Populus
deltoides Marsh. under conditions of intensive isoprenc formation.  Sow. Plant Physiol. Engl. Tr.
H(SH:7a0.

Regoo LHAL 1985 Infornation on imponant tree species. Dehra Dun, India; Forest Res. Inst. and
Colleges

Roliadi, H. and Suvardr Sumadiwangsa. 1979, An experiment on shellac production from prewashed
seedbac with ask soda. Bogor. Indonesia, Comm. Rep., Bogor: For. Prod. Res. & Dev. Centre.

Rudjiman. "1 MUlpl purnase sa cies Tor oo cn erdiead soils in Java, In Observations on
agroforestry on Java, Indonesia, ed. K.G. Wiersam, pp. 76-89. Yogyakarta: Gadjah Mada University.

Rushiana, Lina and Suwards Surmadiwangsa. 1983, Hipe nut for fat production and its possible use as

food swlt. Bogor, Indonesia, Comm. Rep., No. 164, Bogor: For. Prod. Res. & Dev. Centre.

Shankarnaravan, KA LN Horche and 80 Aathju. 1987, Agroforestry in the arid zones of India.

Agroforestry Svstenie St
Sharmuae Wk KD Bhandari, and AL Shrivastra, 1985, indian Forests 3:149-57.

Singho G.B. 19500 Present status of agroforestry rescarch in India. In, Agroforestry systems--a new
challenge. co- TUKC Koosks and S Puri, pp. 25-31 Solan, India: Indian Soc Tree Scientists.

Smith. AL C L Camphell DB Walker, and JW. Hanover. Extraction of decay resistance factors from
hlack leaes Heletorschung (in press).

speneer. R 1tsss Wonien i desclopment: new beckeepers for Papua, New Guinea. Amer. Bee Journal,
April 195209510

Srimathi, RA- 195 Breeding of sandal--a iropical hardwood tree current status and future prospects.
In Trends i tree sciences, eds. Khosla and Sehgal, pp. 207-14.  Solan, India:  Indian Soc. Tree

Scientists,

Staba, EJ. 19sx Alkaloid production from cinchona cell and organ sysicms. In Genetic manipulation of
woodv plants, eds. ) Hanover and D. Keathley, pp. 313-28. New York: Plenum Press.

Sumadiwangsa, S 1976, Processing and quality of cajuput oil. Bogor, Indonesia Comm. Rep., No. 67.
Bogor: For. Prod. Res & Dev, Centre.

1976, Quality of gum rosin from Centrel Java and its change during filtration. Bogor,
Indonesia, Comm. Rep, No. 1190 Bogor: For. Prod. Res. & Dev, Centre.

— - 1985 Mangrove bark powder as particle board adhesive. Bogor, Indonesia Journal Series
2(4). Bogor: For. Prod. Res. & Dev. Centre.

1930 Mixture of wheat and sago flour as extender for plywood adhesive. Bogor,
Indoncesia lounal Series 3(4).  Bogor: For. Prod. Res. & Dev. Centre.

Sumadiwangsz, §., Abdu! Ghani, and Siti Hasanah. 1975, Rosin soap. Bogor, Indonesia Comm. Rep., No.
30. Bogor: For. Prod. Res. & Dev. Centre.

35



Sumadiwangsa, S, Han Roliadi, and Suhendar. 1978. Distillation of cajuput leaves with and without
twigs.  Bogor, Indonesia Comm. Rep, No. 126, Bogor:  For. Prod. Res. & Dev. Centre.

Sumadiwungsa, 5. and Yacob Ando. 1986, The potential of tannin from Tarakan East Kalimantan
mangrove forest. Bogor, Indonesia Comm. 3(3. Bogor: For. Prod. Res. & Dev. Centre.

Sumantri, 1. and Socnarso Sastrodimedjo. 1976, Tapping trials of Agathis hamii in South Sulawesi.
Bogor, Indoncsie, Comm. Rep., No. S8, Bogor: For. Prod. Res. & Dev. Centre.

- 19774 The mfluence of chemical stimulance in pine tapping. Bogor, Indonesia Comm.
Rep., Noo 820 Bogor: For, Prod. Res. & Dev. Centre,

—— - - 1977b. Tapping trials on Agathis loranthifolia Salisb in East Banyumas. Bogor, Indonesia
Comm. Rep, No. 8. Bogor: For. Prod. Res. & Dev. Centre.

Sumardi. 1981, Production by means of forest insects in Indonesia. In Observations on agrojorestry on
Java, Indonesiu. ed. KOF. Wictsum, pp. 68-75. Yogyakarta: Gadjah Mada University

suparto. Rahardjo S end Sri Sutopo. 1986, Possibility of using latex for forest road subgradc
stabilization. Bogor, Indonesia Comm. 3(3). Bogor: For. Prod. Res. & Dev. Centre.,

Suseno, Ocemi Hani'ing 1985 Interview with TW. Hanover in Jakorta, Indonesia. Apul 1988,

Syahri, TN 19850 Destructive distillation propenties of several Indonesian woods. Eogor, Indonesia
Comm. RN, Noo 1% Bopor: For. Prod. Res. & Dev. Centre.

Tandyono, and Mock. Kardi Sabaruddin. 1071, Development possibilitics of the pine-tar project in
Tanjungrari, Bogor, Indonesia Comm. Rep., No. 41, Bogor: For. Prod. Res. & Dev. Centre.

Taylor, David A and L. Medema (eds.). 1987, Trees on small farms. Multipurpose tree species research
for the arid and semi-asid tropics. Arlington, Virginia: Winrock, International.

Todorova, M. 1 Ognyanov, and Pham Trong Thi The. 1988, Composition of Vietnamese essential oil
from Mcluleuca leucadendron L. Perfumer and Fiavorist 13:17.

Venkataraman, K. 1971, Wood phenolics with special reference to their use in chemotaxonomy and their
biosynthesis by tissue culture swdies. Poona, India: National Chemical Lab,
Final Tech, Rpt. PL-48(-A7-FS-42.

1977 Flavonoids, tannins, stilbenes, lignans and quinones in some Indian forest trecs,
Poona. India: National Chemical Lab, Final Tech. P.pt. PL-480-A7-FS-70.

Venkatesk, CS. and VK. Sharma. 1980. An artificial trispecific hybrid: (E. camalulensis Dekn. x E.
tereticomis Sm.) x E. grandis Hille x Marden. Euphytica 29:451-8.

Vondra, J. 1985, Hopes aie high for Paulownia trees in intercrop farm usc. Australian Forest Grower
10:7-8.

Wang, S.C. and J.3. Huffman. 1981. Botanochemicals: supplements to petrochemicals. Econ. Bot. “"E
35:369-82.


http:Flavonoid.os

Wee, Y.C. and ANN. Rao. 1982, Current and potential plant resources of the iropical rain forest. In
Tropical forests: source of energy through optimization and diversification, ed. P.B.L. Srwastava, pp.
15-25 Sclangor, Malaysia:  Universiti Pertanian Malaysia.

Weinsiock, JA. 1984, Rattan: A complement to swidden agriculture. Unasvhve 36:16-22.Wicersum, K F.
1981, Tree gardening and taungya on Java, examples of agroforestry techniques in the humid tropics.
In Observations on dAgroforestry in Java, Indonesia, cd. K.F. Wicrsum, pp. 159-76. Yogyakarta:
Gadjah Mada University.

Wilson, Geofl. 1983 Malavsia well advanced or leucaena, Australian Forest Grower, Mar. 1983:24-25,

Yermanos, DM, 1974, Agronomic survey of jojoba in California. Economic Botany 28:160-74.

1977. Jojoba--a crop whosc time has come. California Agriculnure 33:4-7,10-11,

37



Appendices



THDIA

SELECTED LIST OF INTERVIEWEES

National Chemical Lsboratory, Pune:

Dr. A.C. Mascarenhas, Heead
Biological Sziences Division

Dr. John Bernabas, Head
Biochemical Science Diviasion

Dr. N.R. Ayyangar, leasd
Organic Chemistry Division

Dr. Nagzasampagi, Head
Natural Products Division

Appendix 1

Many (10-15) other scientiats provided useful information at the

NCL in Pune.

New Delhli:

Dr. Ravinder Sehgal

Department of Tree Improvement and Genetic Research
University of Horticulture and Forestry

Solan, 173230 India

Indian delegation to M.S.U.:

Mr. K.S. Bangarwsg
Haryana Agricultural University
Hisar, Haryana

Dr. K.§. Bhatia
C.S. Azad University of Agriculture and Technology
Kanpur, Uttar Pradesh

Dr. Ranjit Singh Dhanda
Punjab Agricultural University
Hoshiarpur, Punjab

Dr. HMukund Purshottam Diwakar
Konkan Krishi Vidyapeeth Agricultural University
Dapoli, Maharashtuia

Mr. M. Saleem

Sher-e~Kashmiras University of Agricultural Sciences and
Technology

Srinagar, Kashmir

Dr. N.K. Verma

Birsa Agricultural University
Ranchi, Bihar

41



Appendir [

IRKDORES 1A
Jakserte

Dz, Setyono Sastrosumarto, Director General
Agency for Forestry Research amd Development

Johannes A. Hoesnadi, Secretary to Lr. Setyono
Agency for Forestry Reseavch and Development

Luikito Dawrvadi, Project Manager
Perum Perhutani

Bogor
Dr. HWana Supriana, Director
Forestry Products Institute

Hcrth Sumatern

Mr. Ombo Sayapreadfa, Hesd
Yorest Research Inscitute

Bengkuiu
Dr. Soekotjo, President
University of Bengkulu
Jalad Kantz Lima

Yogyakarta
Oeami Hani'in Suseno, Professor
Univeraity Gadfah Mada

HALAYSIA

Forest Rcsearch Institute

Dr. Abdul Razazk Bin Moh. Ali, Assistant Director
Chemigtry

Dr. J. Ibrahim, Phytochemist (resins)
Dr. Azrsh Hohd. Yusoff, Tissue Culture
Dr. Sallen Mohd. Hor, Divector General

Dr. Mohd. flor Mohd. Vueuf, hesearch Officer
Wood Chewiatry

Mr. #rancis Nz, Assistant Director
Wood Preservation

42



Appendix ]

Universiti Pertaniar falaysia

Jalaluddin Harun, Lecturer
Wood Chenmistry and Preservation

Dr. Kamas Awang, Dean
School of Forestry

Bubber Research Institute of Malaysia

Director, Biology Research
Tissue Culture

THATLAED

Bangkok

A. Colin McClung
Winrock International

Gerard Rixzhon
Winrock International

43



Appendix I

d B4 AKX 0K

TATWAN FORESTRY RESEARCH INSTITUTE
BOTANICAL GARDEN. 53 NAN-HA! ROAD. TAIPLI
TAIWAN, REPUBLIC OF CHINA

Mar 12, 1988

Dr. James W Hanower

Department of Forestry

Michigan State University

East Lansing, Michigan 48824-1222
Usa

Dear Dr Hanover

Yo.xrletterofFebBbotheDirectorof'I‘FRIvasrweivedandms

handed to me. In recent year forest by-product is one of the aspects
received a lot of attention in this islard, SO far a limited

results in several crops are available. for the public. Enclosed
Please find a list of publication which may interest you.

Since most of them were written in Chirese, T am afraid that they won't
be very much help to you. Ifymneedtheanillbehappym

serd it to you.

If anything I can do for You please don't hesitate write to me.

Sincerely,

| / San- &46—7( Lin

Tsan~Piao Lin
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