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INTRODUCIION 

Past work with multipurpose tree species (MPTS) within the Forestry/Fuelwood Research and 
Decelopment 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 (Taylor and Mcdcma 1987). In 1987, USAID and Winrock International, through the 
F/FRED Project, decided to assess the potential for improving small-farm MPI'S production via severa: 
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 fuclwood, 
timber, fodder, manure, and fruit. Indeed i study of MPTS uses for chemical production on small farms 
might 	 conceivabl, result in identifying additional MPTS and considerably enhance small farmers' income. 
Against this broad background. the present stud was undertaken. 

Several approache, swT'rc use'd. ln;tiall\, these included a comprehensive literature search through 
libraries, letr inquiries to scicntits in Asia, and interviews with Indian scientists currently studying at 
NIichian State 1inivlrit . "ravels to India, Indonesia. and Malaysia early in 1988 includd on-site 
interviewss with scic ntist and adninistrators ho had been briefed on tills studv's objectives. In July
I,"S, the author sp_,1' twO additionnal wecks in Indonesia on a tree-iniprovement project during which 
tim 	 e Cacquircd in irC literature and information on MPTS, agroforestry system s, and chemical 
extractives froim trees,. IUp,,n c Iplction of the above tasks, he began compiling, collating, and writing 
thi report. 

Tropic;:I forest, nim lrro lde a vast arras of non -wood products that are produced both in natural 
forests or on il intoiionl of sclccted Ircc specics (Fig. 1). These products include essential oils. 
CxudatCs., gums,, latexes, rc.in,, tannin>-,, stcrols, waxcs, esters, acids, phenols, alcohols, edible fruits and 
oils, rattan,, Limb os., t eteners, spices., balsans, pesticides and dyestuffs. Often on small 
family farm,, there > litt1c rcliablC Ilt on the comnercial valne of these non-svoOd products because of 
thie dif lttnL 0ot theMir roductin. 'I'he otc-uL'd term minor forest products is inappropriate 
bccatusc, in the a.e cite t l CJt, thesc produclt, coln,tit utc a valuable resource in world trade ((OTA 
1984). For cx ample. in Inui, the estimated tdh of non-sood products is more than 2('*( of the total 
value of all industrial timber. The world trade in rattan is in excess (if $1.5 billion and essential oils 
and spices exceed S1 billi.n (()TA 1984). it is quite il clv that a svstcmatic survey of non-wood forest 
products used h\ tropical d ,ould lead tc use of these materials and enhanceforc.,t %%llers increased 
farmers,.' cconomic \s ll-bein,. 

Besides the mont arv value of non-wood forest products in world trade, there are other less tangible
benefits from thesc inat erial',, including their role in fainily and social life in 12uch of Southeast Asia. 
Gathering and proccssinE forest products are often the only sources of ernploymcnt and income for local 
people (Menlenholt and Silitonga 1978). 

Objecti es 

This 	 studsy had two main objectives: 

1) 	 Survey and evaltatc the present status and future potential of small-farm production of gums, 
resins, and exudate> from NIPTS in Asia. 

2) 	 Recommcnd research and development needed to help farmers improve their use of non-wood
 
products trim tr(piCd trees.
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Scope 

Although gums, resins, and exudates arc the primary products targeted for studs', the scope was 
expanded slightly to include certain 'xtractivcs, oils, dyes, pesticides, and specialty chemicals that also 
offer opportunities for increased utilization. Omitted from primary coi.sideration are substances mainly
used for medicine, food, .r foddcr. Within this framework thec 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-nentionud chemicals. Three categories are included: 
 priority MPTS (Table 1), additional MPTS
 
important over narrower distribution ranges or under specific cultural situations (Table 2), and specialty
 
trccs (Table 3). 

COMMODITIES FRC'I MIYYS 

Plant resins. grnti. and e(]uidatis 

According io Dcll and McConl, (19/8), resins are non.volatile products of plants from which thsc 
exude nat urall. {srface resins) or that can be obtained bY incision or infection (internal resins). The\ 
art insolublc II ,uth -'ic solc Thy stable, inert,in lulc in org llLs. are and amorphous, become 
stick, whCn heiAte6. ,,nd aire capabIlC of I' tIe fused with no sharp melting point.,, The\- arc mixt ures of 
comnpound . inldudi1 t! ]i', id, ICpcrOmids, ald fatty subl'stanccs. 

Other pl,mt produCts CJlLud t,, r esin. include latex, csscntial oils, gu-,, waxcs, and uxuldatcs 
composecd of uMixtures Of thes, substalllccs. Lalc\ is a colloiddl sIspcn.,Sion or e.umulsion of water insoluble 
substances sispLnde:d in vitc: vajr,,ing in color from white to red to yellow. Essential oils volatileare 

terpenoids (Cc,, C, . and (1.) t,iUincd h\ steam distillation of plamnt tissue arnd arc completely incapable 
of mLxing with kIIttL. 

Fatty oils ore n.n-terpcolid, nthn-volatilc substances but, like c,sential oils, are liquid at room 
t.mpcraturc. 1h\ Otrs ,CI1 aneroloccurAe. e L0 and gl and comnrnonL in seed storage organs. 

Gums arc com pleN carbdrdtts (l\,slieelhiridcs) completely soluble in water and are See, Ced 
naturallk or on incision or infection. ,ucillc is chemicallv similar to gum and is obtained by 
maccratirig plant material in , tl Solm of bhe irn portant uses of gums are as follo, s (NAS 1979): 

o used in adhesives ott psltlL, stampls 

o impart sm(, thncss aind stailit\ to bakery products and lengthen shelf life 

o give body and smooth texture to confections 

o used as foam stabilizer irr bect 

o provide smoothness to hioh-quality ice cream 

o used as purifier in wine and emulsifier in soft drinks, lotions, detergents, etc. 

o used in float-processing minerals 
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o impart luster to silk and sizing papers 

o used as a medicine to treat inflammations and burns 

Tannins and dy-es 

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
protecion (insects 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 dyc from Acacia catechu. 

Essential oils 

Essential oils arc usually volative terpcnoids obtained by distillation and often assc,ziated with resins.
Important oils from trees include sandalwood oil from heartwood of Sanitalum album, cedarwood oil from
Cednis d,'odoru. C. atlamica, Junipetis spp., rosewrood oil from Dolbergia sissoo, eucalypt oil from many
Eucalv;nos specie:. and cosmetic oils, such as cajuput oil, lawang oil and patchouli. 

Dryir; g oils such as tunt oil from seed of.- cv'ntc spp. and ed ih_ oils, such as Chinese tallow tree
 
(Satpurn ibiftr7IIm) seed oil, and oil pal in (EhLcia','uiic,2si,) arc also important in commerce.
 

Cosmetics, flav rings, and tiwlu mts 

Fragrance and ILavor chemicals il'avc inmcnsc commercial importance in world trade. Many of these 
substances are derived Irom trees (Tables 1, 2, and 3) and they generally fall into the chemical
 
categories of essential oil 
 dcriva!ivcs or aromatic hydroxvaldehydcs. 

Insecticides 

Probably the best example of a tree extractivc il'at has insecticidal properties is that obtained from 
the neem tree. Extracts of necin seeds repel oi1 a variety of insects, and commercial preparations 
are entering world markets (Larcw 198S: Nagasampagi. personal communication). 

Drugs and ph:arniaceuticals 

Trees as sources of medicinal drugs or pharmaceutical chemica!, are limited, although several reports 
are given (See Tables 1, 2. and 3). Such chemicals arc usuaiiy quite complex in structure. Fuiure 
research into tree chemistry may reveal additional opportunities in this category. 

Fruits and other edible food 

Many edible products available from troPcal forest trees cow!rihute significantly to staple diets.
Foremost among them are bananas, bamboo shoots, oil palm, jack fruit from Artocarpus spp., and cashew 
nuts. 
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Shellac, honey, and silk 

Some important commodities are derived from tropical tree species in which insects are an integral
 
part of their production. Shellac, used in paints, varnishes, and printing ink, is a resin obtained as 
a 
result of lac insccts (Laccifer lacca) inhabiting several host species, such as Japanese lacquer tree (Rhus 
rcnncift'ra). 

Many tropical trees arc excellent sources of honey produced by bees, and much unexploited potential 
exists (Spencer tNS,). Mulberry trees are intensively cultivated throughout Asia as an integral 
caMp nen in silk product ion. These tree-insect production systems and perhaps others offer substantial 
opportunities for expansion by small-farm enterprises in Asia. 

Starch-sugar 

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

[Fertilizer awd fodder 

Tb rouglhiou Asia, coruniiy trec leaves. 1() feed livestock. Man, examples 

lables 1,2. and 3. includig Se.buai gra., 


farnwci, use , arc given in 
tdiflora, A:airachtaindica,, Acacia niiouitu, Alnizia p,,,ccra, 

Robi;ita ia Gcl Further development of these and other speciesc C;h'dit.ia triacaothos, and other.'). 

for both Iced iild l ticiCr could bc promoted by applying 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 namne: for stcns of climbing palms used to make distinctive furniture and plaid ware. 
There are over 3t)0 spccics of rattan in three genera (Calamus, Cacnzonorops, and Konhalsia). Because 
of the concern that removal of tropical forest.; diminishes the rattan resource, its plantation culture isa 
subject of high rcseatch intr (Mculenhft and Silitonga 1978). 

The above catcgr cKof MPTS coinnmodities provide an overview of the kinds of products now being 
eathered tom tropical folrjcst.,%wAide range of opportunities exists to further develop ,crtaln of these 
species/comnmoditic, thioueh directed research. These specific opportunities are examined below. 

PRESENT STATUS OF NON-NV(OI) PRODUCTS 

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

Priorit%MPTS 

The 11 species in thi, category resulted fiom F/FRED evaluations and other studies on tropical tree 
culture, especially in agroforcstrv systems. 
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Table I. Priority M'I'S that yield non-, ood products. 

Scier.tific Name 

(U mmor Names) 

Acacia 

auriciliformt5 

A ('unn (akasia) 

A. moogiun 

(akasia. cassie) 

/I nthettca 


(tahul) 

Azadirachta indica 

(neem) 

Dalb'rgiasissoo 

(shisham, rosewood) 

Eticalyptus 

canialdilcnsis 

(red gum) 

Regin 

Cult ivated/Cha racte nst ics 

Indonesia, O-RM) m 

alt i;ude, 15('0-1800 mm 

rainfall, mean annual 
temp. 27-V) oC. wide 

site tole rance 

S I. A- ia, Malaysia 

moiF tropical, dry 


tropical 

native io t1urma and perhaps 

parts of India. Pakistan. 

Sri Ianka. Thailand. 

Peninsular Malaysia. and 

!nd;onesia; altitude to 

1500 m: widely planted 
in dry tropical, moist 

Iropical. 

moist tropical, India, 

S. E+Asia 

Australia. throughout !he 

world temperate and 

tropical cimates with 
rainfall from 20-1I(Y) mm 

'ro.uc1s/ 

Uses 

soga (dye) for hatik. kliacted from 

hark (4-I 4), FI-l rharie gum hark 

exuthte ,ifhigh vi.i-,-its, ch-ar color, 

w;it!r silurd'+ 7''pi' in, iiiinin in 

1, rk 

lce hincy 

fuel, timber, tannin, gum, fiwJdcr, 

hiiiey 

hark, leaf and seed (medicinal). 

in,cticilt, fertilizer, 'itder, 

limber, mo"t parts rx(ipt wooid used in 

home rernridi"s. lark has high tannin; 

neem o l or mnargosa oil frim seeds used 

in soap%,ilinfrctanl,,. drutjg. 
.
cIsrmetics-. eed cke us.d a fcrtilier; 

leacs fi ir fi eidl'r 

imber, Funiure. ply%",,(l. luel. 

fixider. ;some I)a'h.rpa spp (cg. I) rilttma) 

have potent ii..'t:cie secr-tion 

fuelxd.hones - wixx is resistant 

to termites; leaf oils--cineole 

(pharmaceutical.), phiandrenc 
(disintectants) or exudate frirm 

bark, and citronellal (perfiinie) 

'r xc.,/Op ration 

Remarks 

rcsearh needed on total 

zhemiral potential 

Ibeekeeping 

gum is s,,ectand edible, home 

rcmeni'lis from bark, tnnin from 

rmlk and hark 

research needed to further 

develop prolucts Iro-m this 

versaiile species 

research needed on wco,d 

properties and plantation 

culture, genetic improvement 

genetic vanation in leaf oils 

should be studied to develop 

valuable strains 

References 

Rudjiman 1981, Kasmudjo 

1979, NAS 1979. 

Suseno !9W8. 

NAS 1980, 

little 1982. 

la rew 1988, Rego 1985. 

Little 1992. 

Rego 19R, NAS 1979. 

NAS 1980; Midgley, 

Eldridge, and Dorn 1987. 



Table I. Continued. 

.Scientific Name Region Products/ lr'cwess/Operation 

(Commcn Names) Cultivated/Characteristics Uses Rcmarks References 

l--ricaena India and tropics gum from seed,wet-end additive in boding in waler and Ben, l)obhal, and 

leucccephala rip, r mills, ffiilikr, criliher centrifuging Ayyar i9F2; 

(su-barbul) NAS 1'9R. 

Mehla auedarach Asia, Middle East. and India: sornc -nwri,cidal propierties not an imvortant (hermical little 1982,NAS 1983. 

((hin:ahcr-y) widely cultivaled t pj!jr;li). f iihtr secces, lack of rcearch? 

r osrpi ana dry and and regions of Incia titani protein from seed; may he used sceds dehuikcd, fat (7.6%P) NAS 1979. 

(jand) oIf httrin imrini it lit in,oil foir c(-4.nr rtIr(i lcd wilh p-tr!cum ether 

and torofinc ,)rfi l 

P. juliflora wastelands of S.E. Asia. ftwel, tannin, honey; p-,ds are fcd not an inmporlan, chemical Jambulingam and 

(Swari) D.C. extremely hardy, all soils, tt tivsto-k species. ack of research? Fernandes 1987, Little 1982. 

(mesquite) coppices readily 

Robinia pscudoacacia throughout world, temperate fuelwctx. fc.Jder, hcartwood chemicals research needed for Smith et al. (in press). 

(black locust) and mediterranean zones for w(wl prcscrvaii-ie chemicals utilization 



Perhaps the i ost exemplary species in terms of providing products for farm and other uses is !he
 
neem tree (Azadirachta indica). This species is widely adapted, easily cultured, and contains useful
 
substances from 
nost of its parts. The bark is high in tannins for adhesives and medicinals; the seeds 
and leaves contain azadirachtin, a promising new insect repellent, as well as necm or margosa oil used i 
soaps, cosmetics, etc.; both leaves and seeds are also used for fertilizer and fodder. The insecticide
 
azadirachtin deserves intensive research because 
 it is a systemic repellent against many important insect 
pests. Dr. B.A. Nagasampagi of the National Chemical Laboratory in Puna, India. has a fine research 
team working on the development of the neem insecticide. Fig. 2 illustrates the genera! procedure by
which neem cr most other biologically active compounds from plants are anal .zed to determine their 
effectiveness. The neern ine,,ccticide is now being marketed commercially in India and the United States. 

Acacia mangiu/n, or akacia, in contrast to neni, is a straight-stemmed, rapidly-growing plantation
 
tree used ma inlylfor lumbe r, veneer, fuIriture, or pulp. It i,.
also excellent for erosion control. 
However, little information i avajiahle about its chemi:,try or products obtainable from its parts. It is a 
source of bee honey and mII, 1C further developed for this purpose by farmers as planting increases. 

priority -t,cManx of the NiIPTS used as fodder for animals (Acacia nilotica, Dalbeigia sissoo, Leucae 
leucocephal,, -'frosopi.sspp.. and Rohbilia P.vciu~ldcacia), and this practice will continue. Several species

produ-e usefil ,ti
m>,, especially Aca cia and l-eucae na. Further rcsc,ch into :;ources of gums should
 
reveal other spccie, calpgable Of providing these important food additi,.es.
 

Acacia spp., nect; i'co pi> spp. and mans Othc NI1I'S give hli vi ld, of tannin from their bark.
 
Research and de\Clopmnl (I tinai .i, in adhesic palticu!arl\ atltiec and trnitful in Southeast Asia
 
antI should b ci:ad.
 

Dail'hc;a sirso,oi rose oud is a beautiful wood lr man,, purposes and rosewood oil from the \e,oc 
isvaluable. Resetrch i> needed to further characteri,' its chemis,;try and pr,)ducts and establish the 
species in plantation because the rCsourcC is decreasing at an alarming rate. 

Both Pro.sopt (bn'ra have ofand P. jIuliflfo,high potential as sources chemical products, including
 
protein from seed, cooklni and 
 other oil.,, tallnin>,, honey, and other food, for human consumption. 

Robintia ps ullamca,. i> a rcnarkabl\ %ersatilc NIPTS that is gaining popuari!vy as it is tested
 
throughout thle \orld. It has aI wide trr,\ 
of uses 1hat could be further expanded with increased
 
knowledc about its hcezrtwiood, lear and other chemical constituents.
 

The high-priority NiMI'S should also, be priorit\ research for development of gums, resins. extractives
 
and other chemical,,. New products from these spccic:. will have wide economic impact on the farmers
 
who cultivate them. 

Addiional MIPTS 

Table 2 includes over 1(X) additional species for which farmers may play a key role in harvesting or 
processing that are curreotly useful sources of chemical or related substances. 

There are numerous source, Af resinous products available from tropical forest species. The most 
notable and worthv of research emphasis are the Dipterocarps (Diptocarpus kcr-ri), which produce resins 
rich in essenial oils ((;inno l1!uSt); nga i!lil,c , vielhs a useful resin called damar batu;Shorca pi or 
Aquilaria spp. (k:aras tree) has v.aluablc resins in roots and branches calleu gharuwood; Pinu'js rner;,usii is 
prized and cultivated for its resin from which essential oils are distilled. 
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WHOLE PLANTS 
Identification and herbarium library 

Shade drying and powdering 

POWDER 

Solvent Extraction: Acetone/methanollethanol 

1
 
TOTAL EXTRACT 

Screening for various activities, e.g. Insecticidal,
 
antifeedant, growth Inhibitor, juvenile hormone,
 

anti-juvenile hormone, molting hormone, anti-molting
 
hormone, ovicidal, oviposition deterrent,
 

attractant and repellent
 

'I 
Total extract is active for one or more of the aboe 

IChromatographic fractionation 

A B D 
Submit for Submit for Submit for Submit for 
screening screening screening screeningI I I I 
Inactive Active Inactive Inactive 

I Fractionate 

F" I I 
B1 32 B3 B4 ------,- Screen forthe activity 

I I shownI 
Inactive A InactIVe Inactive 

Active 

I Fractionate 

B2a B2b B2c B2d _ Screen for the activity
 
I exhibited
 

Inactive Inactive Active Inactive
 

I Fractionate 

Inactive Active 
compound principle 

Identification by 
spectroscopic & chemical methods 

Sythesis Structure-activity 
relationship studies 

Fig. 2.Methodology for screening plant extracts for Insect control activity. 
Source: Nagasmpagi, 1988. 

13 



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

Scientific Name 


(Common Names) 


Acacia coti'chu 

(akasia. cassie, khair) 

A. dealhata 

(silver waitle) 

A. decurrens 

(green wattle. akasia. 

cassie) 

A. jarnesiana 

(pissi babul) 

A. leucophloea 

(pilang. cassie) 

A. melanorlon 

(Australian black wood) 

.A. modesta 

(phulai) 

A. senegal 

(khort 

Region 

Cultivaed/Characteristics 

S-E. Asia, Malavia. much of 

India except ver hiund 

regions. dry tropical, moist 

suhlmpical: drought and ri si 

tolerant 

temperate 

tropical and subtropical 

countries 

dry tropical 

S.E. Asia. Malaysia 

temperate 

dry subtropical, dry tropical 

Hot. lrv and barren regions of 

Africa and Middle East Asia. 

suited to rocky hills, dry sandy 

flats or dunes with annual 

rainfall between 200-350mm 

Product,/ Proces'Opcration 

I sie Remark% References 

r'un Arabic. hfisder, timhbr. uel. soil high potential for chemicals Su-.,no 1988 

concr, aton. eavcs for fitldcr. hc;;rtv od extract 

tihtined h.% hot ater extraction .Iillcdkatha or 

crlh Ahich is hilh in catehin usd i mcdicinc. 

ds c ln. acent 

fcil. , im. tannn, Ioddr Rego 1985. 

fuel. tannin. fiidcr Rego 1985. 

fuel. tannin. fodder. gum. soil conservation Rego 1985. 

tannin Suseno 1988. 

fuel. tiniber. tannin. fodder Rego 1985. 

fuel. timber. gum. tannin, soil conservation. Rego 1985. 

fodder 

fuel. fiuddc., tanmn. siil conservation; gum as trees are tapped and the gum tears NAS 1979. Rego 1985. 
main product: medicine picked 



Tabie 2. Contirued 

Scientific Name 


(Coomon Name,) 


.4 iortih 

(uniihrella tho rr Israeli 

babool( 

Acgh' marmelo.s 

(bell 

Aerutig in%dira 

(horse chestnut) 

.4athis sp. 

daniar) 

4ilanthiu ercel.sa 

inaharukh) 

Alhizia lebbeck 

(siris) 

A. proera 

(safed siris) 

Aleurita. molhiuana 

(kemiri) 

Alpinia gahinea. A. 

malhicencis. A. nolans 

(lengkuas) 

Region 

CultovaeilCharacteristic s 

Africa (,cnti-arid). Middle 

F::s. India ser drought 

toicrant, (Irv rockY. saniN 

site,. O'( Io 50(' 

wet tropical. moist tropical 

temperate. suhtropical 

S.E. Asia. Malaysia 

dry tropical, moist tropical 

dry tropical, moisl tropical 

dry suhtropical. moist tropical. 

wet subtropical. iet tropical 

S.E. Asia. Malaysia 

S.E. Asia. Malaysia 

Pro.hit Is! 

U es 

pd'. 18 fkr,, foliage. s. nod dene, fuel. foider. 

tiber, fence po IN. Inmplemoent,,. liresn,,I 

chirtoal soil stabili;ation 

fuel. fruit. gutm. hark and fruit (medicinal) 

tdis, r, fxder, fruit. ornamrrental 

copal 

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

fishing Iloats 

tint-br. fiodder. fuel. medicinal 

furl. fodder, timber 

oil 

fuxil spice%. alpinia oil. rhizome. distillation of 

rhioime, traditional medicine 

Pr,, :'e,,, "Opration 

Pemarks References 

plantatin culture. 10 ,'ar rotation; NAS 1979, 

coppi, e, c;is hi r'St pods or 

hls is and iteu dircct': bst of 228 

mi:npurpoc irec ',p c is teted in 

Rnla'ihain. India. Iod, are main 

sustcnanc for I M.rica wildlife 

Rego 1985. 

Rego 1P85. 

a valuahle resin exudate Suseno 1988. 

Rego 1985. 

Rego 1985. 

Rego 1985. 

di-tillation of seed Suseno 1988. 

Suseno 1988. 

http:ercel.sa


Table 2. Continued 

Scientific Name 
oirilon Names) 

Region 
Ciiltisaed'Characteristics 

Product'S 
Uses 

Protes.rOperation 
Remarks References 

.Imi,',,im , ,,'?uh ,.,. ,. S ,-. Asia. Nfala,,tia ,ced foir cosmetic and medicine. Cardanon ii disti llation ol seeI. intensive Stseno 198. 
I iitdtiiii'!iuli ll, rai 

rIrdtimo mu r 
t lfpinynir I 

tKapulaga) 

4'n iardiurn i ncidenale L. 

(;amhu met-. cashew nut) 

throughout topic and subtropic 

region: O-IfX)O In ah.: 

cashew nut: kernel, cashe. apple. shell liquid. 
gumi. lannin, leaves, nut eaten. apple i, proxcessed 

231 kg per tree harvested annually. 

up tG 15 kg per trce per year: 

Rudjiman 1981. 

Venkataraman 1977. 
500-40(X mm rainfall: wide for drinks, high in vitamin C. leather preparation excellent for soil conservation. 
site tolerance or glue. vegetihle, fuel proide, alijahle icls. suitable for 

t;iungxa s ste Il 

Anoge'isus haifodia 

(axelwood. bakli) 

Ranges from Africa to Arabia. 

India and S.E. Asia: dominant 

pole,. rafters. tuel. fil"der. gum (light ycllow or 

brownish gum known as g'um gatty or Indii-
Rego 1985. Little 1982. 

species in dry deviduous gum. exuding from the hark serving in 
monsoon forests: dry pharmaceuticals and calico printing): used on host 
subtropical, moist subtropical, plant for tassar silkworm rearing 

moist tropical 

A. pendula dry tropical fuel. fodder Rego 1985. 
(kardhai) 

Aquilaria spp.. 

(karas tree) 

Malaysia aromatic: 

branches: 

resin permeated wood roots and 
possibly pathological: incense 

felled trees may yield thousands of 
do!lars of wood per tree 

Gianno and Kochummen 

1981. 

Arenga spp. 

(pohonaren, sago palm) 

S.E. Asia. Malaysia Aren sugar, roofing dried leaf: swamp forest species 
Met'orlon sau yil!ds starch from 

Suseno 1988, 

Rao 1982. 

Wee and 

stem 

Ariocarpus communis 

(bread fruit) 

moist tropical. esp. Indonesia timber, fruit, fodder fruit production by single tree caa be 
450 kg per year: high carbohydrate; 

Rego 1085. Sus!no 1988. 

profitable for faimer 

A. inregra 

(nangka) 

S.E. Asia, Malaysia unripened fruit, vegetables, fodder fruit production by single tree can be 
400 kg per year. high carbohydrate; 

Sueno 1988. 

profitable for farmer 



Table 2. Continued 

Scientific Name 

(C or mon Names') 

A4, nia ,pp.. 

(api-api) 

firthinia purpurea 

(khairsal) 

B. ratctmoct 

(jhinihra) 

B. vrt;Ytraie 

(kachnar) 


Rtua cylindr,;rachv.s 

(birch) 

B,,rasvuflahellifer 

(l palmyrah palm) 

Bos;ellia serrata 

(salai) 

Bruguera spp. 

(tanc3ng) 

Calliandra 

calothyrmus Meissn. 

ikalhandia merah) 

Region 

t 'Ch;krt'tcr; t ics 

S E Asia. Malassa 

noit tropical 

sbuhlropical.
tropical 

moist tropical. stjbtro pical. 

tropical 

subtropical, temperate 

Tamill Nadu. India. plains. 

croplands. paddy fields., soil 

sandy to clay 

most parts of India 

S.E. Asia. Malaysia 

Introduced to Java from 

Central Amer.; 150-1800m 

alt.: min. 1500mm rainfall: 

shade tolerant; prefers fertile 

soils 

pt-licis' 

I Sc' 

tannin. firt quality for charcoal 

gum. fihldcr. fucl 

tannin. fibre,gum 


.Ftc;rs gr;alhark Itfc and ictl icinal). lolder. 

flocr buds eaten 

cssential oils. fiel. timber, charcoal 

nera (a sugarv exudate from cut end of 

flo;, stgar. candk.cring spathe): palm 

handicrafts Irtm; lca'.c, 

Salai gum. sWing of paper 

tannin, first quality forcharcoal 

leaves-22' protein: flowers, nectar, seeds. 

shellac, fodder. honey. vegetable. wooxd coating, 

novelties 

'roc'. Operation 

RvatedRcntk. 

tapping of tree at 10-12 m in height. 

exported to 40 countries: good 

stource of income to farmers 

tapping trec Nields oleo-gum resin 

which can be distilled (steam) with 

eher. beniene. etc. to separate 

essential oil. polysacharides and resin 

good soil proteciz;.. deep roots. 

high litter production, rapid growth. 

nitrogen fixation, shrub up to lOin. 

cergreen canopy 

Refcrences 

Suseno 1988. 

Rego 1985. 

Rego 1985. 

Rego 1985.
 

Rego 1985. 

Jambulingam and 

Fernandes 1987.
 

Sharma. Bhandari and 

Shrivatra 1985. 

Suseno 1988.
 

Rudjiman 1981. 



Table 2. Continued 

Scientific Name 

(Commoon Nasnv.,) 

Cananginm ihi:rat 


(kenangat 


Cama fikinhi 

(aniallast 


Celrit o ,ttrali 
(kharik) 

Ceratinia .sihque I. 

(caroh) 


Cin h/'io ti
/('(/i!(ria 


Mincn 


tmcll ledger
os hark, 


hark;
 

Cinfian inumt hurmnam 

(kayu nanis) 


C. ,omphora 

icamphor. kapur! 

C (ciuldaplic 

(gundroi 


C ,tliftommmn 

(kay u te)?, kulilawan) 

Cprvus tortlo to 

(Ilimalvan cypress 

Region 

Cultivated/Characteristics 

S E. Asia. Malaysia 

moilt tropical 

tenfirate. subtr,:pical 

Drv climate charaleru/ed hs 

hot. dry summers and cool. "et 

w.inters. variely of ,uitswide 

India. Asia 

S.E. Asia. Malasia 

mulst tropical 


siubtropical. temperate 

S.E. Asia. M:laysia 

tenlperate. subtripical 

Products' 

Uses 

Java cananga oil. Yilang-yilang oil is a bhloix 

prcssure rculator. antaiiisSc.|iseptic
 

m'dicinal (hark. Inut mid casest. timber, tannin 

iti01 ind hark ) 

timber. .qcl,t. Ilcr. prl i eidls. fruit (edible 
;ind te cn , ulcnll'rik
 

,ctd Cmtains si car milcme Niesold ascands: can 

be,, tos\ nip and to a wine orconvcried fermented 

liuor. gii and :Odtter. Iced. lfx. foretation 

ant sdl con~crom 

I,, OWs n ! s .' .. lhdi ilmint. tiullirC 

is 14': o r ,f .nid r, ,t,ati oliria 

(quininc) .wi!.. i.u d-.'pre-.i1 it1irldin.i 

hark olrc kiii. i in mon bark oil cinnamnm 

eaImi, 'cotsnlCtl illelicinie,111d 


camphor ,i!. mctlinal 

cabinet making. planks. comnstruction wiork. 

es.ential til 

L.aasng oil 

timter, furniture. leacse (oil) 

Process Oieration 

Remarks References 

distillation oif flower Suseno 19R8. 

Rego 1985. 

Rego 1985. 

NAS 1979. 

ti'.t grosin tree.up to 20 ft.tall. Staba 1988. 

0,ppi 'es: stunip gruhed "ut to 

,hblran rool bark 

ditilktion of dried hark: distiliation Suseno 1988. 

oIleaf 

Rcgo 1985. 

Rego 1985. 

distillation of dried hark Suseno 19S8. 

Rego 1985. 

http:d-.'pre-.i1


Tahh,2. (Cntinued 

SLIe71Iitii Namen 

I tout 'ltiv; 

It7 lie2r u "}Iu L TL;Ic 

Skiinri.c kinviti 

* nl'i ti',,O 

{iLIIlHii, ;ck) 

m 

I ';C:Jii['inun.hilitihi 

C oldin 

erchse rci c u inicrg raid 

[in'tutl . 

P o n 11lIlllhl k' l ? ( 

(k;',anli 

Diuiip-rip pererin 

Ikala tendl) 

Dipirn,(nrpt.cAerri 

(keniing g ndil) 

Dr,,hilnsp ,pp. 

(karnper 

Finhlt offuitali 

(amla) 

Repin 

S L" Asia. M;al:a.va 

-S I: A,\. Ntalavsila 

L ASI . Mala%,ta 

S LI Asia. Mals ia 

\'Nafi.c t4o Indian t'ihcimntinent 

r wlll"idWcl%I f ri OL,lk't 

Ihronihnuit the Aorld', hiltid 

lnsland Ir,-pic.inchiing 


Philippinc. M;iassia. 

Australia 

nicsl t rnpical 

MalaN,a 

S. F. Asia. Malaysia 

wild and cultivated throughout 

much of tropical Asia. 

including central and southern 
India. Sri Lanka. Burma. 

Malaysia. S. China 

PIf'lii%ra 

tradlitional niedi inc.tijicittIja cil 

I 


meIdliine. hcs.\',iges 

nspiLtc . .'sr; s.,c, 'tr;cs,, nil 

%pi e'. he crige.. lJia tronella il 

llfrni, weed lr hlhrk;in, luelin krs,,.ene 
la nm C~ kr d~ n Ill l , t u~e'i f %Na p .p . l Lh rc -,i,. anufL r 

;irnish and punlt. ,i medicine. pressc;cke after 

x t' t' nil sxira iitidl Intl prti.idalis :ctdhl ins 

properties. poiiir Ice'ditd 1crtilicr 

tin. tan-nm ic . mt inn ditlditic. ,eed 

iliciicinti ,;I;t islrik ionaul'.nul 

iiuti nil.iilors Irin kio'rtin Gurlin 

hals.!n s'ntial -,iI. perfume lik" patchout (il 

camphtor 

fruil cntains vitamin C (ascorbic acid) in high 

quantil: hark uscd in taminga tying. hair d)es: 

fnJdcr. tannin. tim er, fuel: verv sour fruits 
caten fresh. dried. presrved, hark ,omefiris 

used in medicine 

c' ( )pc rat in 

tich and diiitd pnter, disillatiuin 
.1 ihi, '1mt1 

illiiatinii ci1rh:.'iliic 

' tllt il h.I milis iiin 

diillalt 1-4nn of icaf ;ifer dried 

tapped and c!llcted weekly 

Si,,cno I0XX 

Sicslcnnrl|198. 

Susenin 19 . 

Suseno 1988. 

Little 1982. 

Rego 1985. 

Gianno and Kochummen 

1991.
 

Suseno 1988. 

Little 1982. 

http:M;al:a.va
http:Dipirn,(nrpt.cA


Table 2. Continued 

Sientific Name 

,("m mo n Na mI') 

I ilifl ldim imitltdrt 

Ileml 'c entrdponedl 

A 1'I'lfIhN, 

I hle eurofl 

iirrht ur,rw-


lim~ orc gum) 

I II,,,//ha 


I i/flul 

.impupu.hue)
 

tC fiwrmi ,,ripillu 

icngkeh) 

Irtimum r, *c/sn 

1 uropean ash) 

(;irt,',t f7it111, 

(Kharpa! 

6;i,;,/h,,-,ci putt Ilit 

(F ndapu ra)
 

(,,, ht arb,,rio 

1vanihar) 

G.,, 110I 1:tti',i,PI L 

(n elint) 

;r t//cit r. :/i, t 

li r otak)I 

Region Prodhlcl Pr,wce, Operation 
C(ltti\%aled/Chmat aterit ic> I 1w% R"'nmrks References 

,-uhrroplcal. litsi tropi.al :ti!. oitl(tediinal) Rego t985. 

teitmperale limiter,paper. .".enliat oil Rego 1985. 

dr- tropical. moist tropical tinLer, paper. e,,.nl;i oil. fuel. phlkoti Rego 195. 

S.F. Asia. Malaymu hee hmney. Eucalyptus oil bee keeping. ditillation of 'eaf Sueno 198 -

S.E. Asia. Malavia lt ,u ei t.41.h \e slem * it.et'c leaf oil dried flimer distillat on, leaf Suseno 1989. 

dlistillation 

temperate limber. frniture, axie handle,. gum. carriage%. Rego 1985. 

hNmt bitlitinvs. sp-ri%gtxmts 

moist tropical tinth-r- iurnitur,.hark (tannin). Itlder Rego 1985. 

S.E. Asia. Malaysia Got;t,ulthert.toil(niinak gandapura medicine) teal distillate Suseno 1988. 

moistI tropical imr r printing h,.-k . tuical in.trumients. carl Rego 1985. 

isles. 111l,tilCIL iniI 

S F. Asia. Malaysia chip. vegetahle fruit eaten Sus'nt 1988. 

r 

suhbtropical glit resin, timber. fuel, ornamental Rego 1985. 



Nt iciii!it Naii. RegiIi l tri.k,i ,i ' , . i i)iii 
I(",'ml(in N',limv.'i Cu'111llLat'('hr, te'ri'lit U '" 'COM~llK 

, 

Rcl renfc'% 

1141i; IiNlo lrs tropical t'ni.Lgzpn's irid hcam,. fibre,or rvl'-. Regi 1)X5, 

H,4'lhh drN tropical. ioti iiopical licl.Lhiro;il. hrii,,hhaick, light Itfrulfitre. Rego M)05. 

W k! tI I,/I (I binet' , 1:1 I 'Ah tcr 
I kin iii 

.hvI.n%r'i'ii tetmiperate tioihcr. I'ii4stlk ruts Rego 195X 
(%k.alnut) 

A''
1
ri, lf'riii ifl t,,a S.E. Asia. Malaymsa tradinal fcditine. spices. tcrage . a;iuiri oil Suseno 1988. 
/ininihcracc'ae) 

(K'ntiur) 

(a ' ivrncmita 'pei'mii, momist tropical limelr. medicinal. foudder. furniture, pole.s. Rego 1485. 
larul) slccpcrs 

Muud/li. a Ii iou'!dio dry tropical timberhfuel.fniits and flhoers edible. oil Rigii 195. 
niahtia) 

,fimiufrra iitilia dry tropical. moist tropical. edihlc fruit%, faty oils. plyw(oxl. %hoe heels Rego 1995. 
(mangio) wet triopical 

M';a rimalicO S F. Asia. Malaysia iilfor comcetics and perfume di,lillationof powder hark Siuseno 198R. 
(mcovi. m;aoi) 

Alc-hcl I a S E. Asia. Maiaysia caluput oil. fuelwoxl ditillation of leaf: a verv valuahle Suseno 1988. 
Ir'dcidie('rol oil 

(kayu putih) 

MA iua.ferrea. moist rubtropical. moist b)x plank, fuel, paper pulp. medicinal Rego 1985. 
(nahor) tropical, wet tropical, wet 

subtropical 



Table 2. Continued 

nific 


S(oiiiin Narr.e-, 


S f Name 

Alit h,.t il,,S 


I ceitl d,:i p in'
 

,If io qi" 
, h Ift(I 

ichalpa. C(mpeika 

Airi, 'pp 

I mTutlrh o_ 

Avrimt i! frigit.i. 

LFfat Indian nutmeg) 

fpalal 

Pdlquium ,pp. 

(pert-a) 

Pera am, rion,, 

(alpikat, asicado) 

PihOp runt spp. 

Pimno elfint 

(slash pine) 

' iidari, 

tkhasi pine, 

P merkusi 

(tuanl) 

Region 

Cultivaled 'Characteristies 

F A ia. ,Ma:;,.,ta 

1ll t ! tro p ic a l . .lt t topic al. 

1F- Asia. la!Ni.a 

S E Asia. Maltsia 

S.E. Asii:. M;ilavia 

S E .Aia. Malayia 

S.E. Asia. ,Malaysia 

S.E. Asia. Malaiysia 

-.:btropical. tropical 

oit I ropical 

S.E. Aia. lrdnesia. 


Ma'a' a. Philippines: 5021 )K) 


m all 1200-22(.) nm rainfall: 


On-2k"C: wide site !lerance
 

ProdJulcts! 

Use% 

chanpaca oil. champaca leaf oil 

l im -erI t . N o i l . chhnipac a oil .. dl IlM ham pa c a 

hal oil. rein 

leaf %ilk 

spices,. caidied fruit (,,,weel. nutneg oil. maet 

oil. nutmeg contrete 

gum 

fnail. avocado oil 

tannin 

timrher. resin, pulpwooxl 

imber. resin. pulpiNsid 

lcorc,,in h. tappiie. turpentante (24,' of resin 
tapped from tree). ilent: pine needle oi 

Pr.wess Opcration 

Remarks 

ditillat'on of flo%,er and leaf 

i ill;Iitii o llt er 

,ilk orim rearing 

dring of niitrne and fol:: 

ditillatin tif nutmeg! andliil: 

distillation of eed 

lapping of resin, distillation 

References. 

Stieno IP99. 

e g I . 

Sucno 1998. 

Siuseno MQg. 

Sucno 1998. 

Sueno 1988. 

Suseno 1988. 

Su.eno 1988. 

Rego 1985. 

Pego 1985. 

Rud.iman 1981. 

Meulenhnff and Silitenga 

1978. 



St l tn fic Nd ic Reg ioin 1r:xikitti - l
PrtIt". - '' r.i in( ,imii~i Ndinc,'*,I Ciili;.t.'l/C11arlcti ri~t I ,c' 

i 

RLiidrk Refcrence,, 

'ip,, 1, , 

(,irih. iurih 

S F, Aia. Nlalasi.a ii iditlinil McMiin.C hl -eitil hir miiiccine trt.,h cd. itillaitin ut leaf S!as'nin I($X. 
9 

P iM[il, 

I 1i' Li. fpeper)i 

S.F. Aia. Mala. ija trmiowina l ilCdilitTic pvpcI011l Irtlt piu ilcr. ihill ltin of driei Sus,no 19g 
, 

f'i
1 
(' 

4 4 
.!..,j 

4 
411114 

fla nigh. plehi) 

truipil pdc..ill! .ia.'.S. lii,. litl,.kr cdihlc fruits.. 1:4tl\ iil R~ 
Reg~o 

95 
1985. 

Pitl, iporiim 

r'i rii,!,iiu 

Philippinc: 30 m tall Irtui. 

light 

walnut si/c. rt i Iiuht i cIl. ,irh pP I '3 I 4 mr..'cne (40 . 
Nichl'. 6 I, k'v r pc I'cc. crown in 

Niihie 1978. Nemeihy,, and 
Calvin 1982. 

flanfltiiins. hlvrscC'? mil proii'ctel at 
6 M hhl i ,r curl '" hclopmnt 

Polgiilt'1n1i,, cabhin 

(nilam. dhilem) 

S.E. Aia. Malaysia patchouli oil i,,,ilitlin 
CiaiililnSi1 

if l a aliahe oil in Suseno I988. 
. 

co mmert-c 

P,, .a'ii'u pinlate 

fkaranj Ii 

dry tropical s-eeds-fatty oil. furniture. turnerv 
,ide . m ed icin;al 

article%, fuel. Rego 1985. 

Pr,iipi%,hih'nii 
kikkar) 

dry tropical fue!. fifdrer. small oifer.suit cons.ersalion Rego 19R5. 

P (iiirairia 

(jand. shami) 

Soulhwestern Asia: dry. 

tropical 
pod, for fodder. high protein f-po1 additive n(l an :rnportnt chemical species-

Lick of reseaich? 
Little 1982. 

P1(or,,(,irpui$indicu S. E. Asia. Malaysia fancy "o"i. lIyUr),t-odJ. oil. fodder diilitiiin of flower Suseno 1988. 
(angsana. 'ono kembang) 

P. onarTupium 

(hijasal) 

moist tropical gum. kino (medicinal). railwav 

firewood, fodder constructional 

carriages 

purposes 
Rego 1985. 



Tat! 2. Continued 

Scientific 

('ommon 

Nanme 

Nanest 
Region 

Cultiiatcd/Characteristic 
Products/ 

Uses 
Process-/Operation 

Remarks References 

IP %arztuo:/ S.E, Asia. Malaysia .anllalv.o-x! oil. fodder distillation or ,,ood Smscn, 1088. 
(c ndamri roerah. red 

sAndal"Mxo ) 

','ro, vmhi,m 

tim:,fmr'lim 

tropical, islands region cal ing. dc. 

.msrn ng 

medircinal. fid. l'xhler,fe85. musical Rego 
9 

Q-1,r, Ir,hot (I ttemperate 
fuel, h;irk and leave,--lannin 

Indlan ok) Rego 19W 

S(•II ,' ,i/hr n L 

(i,-endana. sandalwo(uod) 

S E. Asia. 

tropical 

Maiay,,ia. dtr ,andatlixxl oil. v-oodmhan,lcraft, 

p',rfio'r_,,m. folder 

medicinal. distillation of ' ! and %,owd gives 

i;tiiahlc odi. researth needed for 

Suseno 1988. Rego 19P,5 

CxIe,'e plantation culture and 

Se x/nmio 

(agali) 

,,rodifwti S E Aia. humid tropicai. to 

8) rn elcvation. v.ide range of 

I ssh'd . hairk tmmn. 

grecL ';r r lematc. 

ornanmcnth4 fioliage ,r 
ds, meil fAfr vegtcahles. 

Little 1982. 

so il, fxlhter 

f h Ict, her 

kesamhi. 

,leoo 

ko,,ambi) 

S E Asia. k1alaNsi vegetable, 

oil 

first qualii. ofocharcoal. lac. mecassar excretlion o r 
Lac.iferlaca in 

branching. frtuit eaten and distillation 

Suseno 1988. 

Sr'm,pwtra ,,pp. S.F Asia. Mala,,ia cosmetic oil fruit prcserve Suseno 1988. 
Iic1ngk, wang) 

1ci,,(ur',o 

1Kara ,asplints. 

dry tropical gimr karava. timber. toys. malch 

fuel. seed (edible) 

hoes and Rego 1985. 

Ser', pe'rmitin 

(paral) 

tierieleni moist subtropical timtr. c-,rria;rc,. kkagon,. 

cntartcnal. tdlicinal 

furniture, fuel. Rego 1985. 

Smrati herm:oid S.E. A~ia. Malaysia Ntqrax gum 
Stmscno 1988. 

t ke rlinc an)n 



'. c Ic Nandc R.gwin pi',t. Pr. ,e.s (), rat on
 
U(iUmrori ;m' timltttdfChr:l<teristic" I "' 
 Rct.hrk, References 

rd dkIrun,+'lti11th'l.S +,';,,, i,,,,,, ui i',l tropical IruI(! tcd hi 1r , pIN,\+ooI. Rego" IX 
i alm 

i 
tlan. !',t vlt'T. tM.l, h ,' 00d 

7,immm'1d3zr, o a lamil Nadj:. India. drN !.1t pulpf) x I nlicinal. 


(l111. ta;i rintl tc+ iropicai. 


,rucc .1141utcs . edible plp ix estracted from pxds: Rego 19 5. NAS i979. 
"id.l, c ,r of sl l Il, i.r, wll er. hwl. harc:iil. Wn lor tesi 'ced round to prodtice a pectin-like

' ' ivrPC% 1/111 . 11,11t-'Inrd tl,. P'rThtU1ll.,. 

lerimmhil ehdiitil troipical iClCr;Iphc mndtI'('lriS pole. ,'',rtructiond Rego 1985. 
€laurel purpo.e, agrlitultual implenict',. hmmolhandles. 

rzalx.,m\ .macon. pulp. hfohler 

T blli, ua eoist tropical limlbe r. pulp. p <+,lit.-. ru mciinal. ftwider Rego 1985. 
(hahera) 

T tmappt tropical timher. mine-prop,. plvwood, hark (tannin and Rego 1985. Little 1982. 
(Indian almond) oalic acidL fodder., leaves f'ur taar silk worm. 

we.'d. I-il 

T i lwhuh, moist tropical. tropical Irtwi,. medicmnl. timber Rego 1985.
 
(harra)
 

T. irrindam moist tropical. dry tropical. timber. fixmder. hark toxalic acid) Rego 1985. 
flaurel) \et .uhtropical 

mri(Yca rpa moit tropical Jute .. till roller,. fuel. fodder Rego 1985. 

thollock; 

Treui w nudiflora tropical timber, ply,x.-Kxl, fuel. medicinal Rego 1985.
 
(gulel)
 

Zmgiher offianale S.E. Asia. Malaysia preserved ginger. gtrer ale. ginger oil Suseno 1988. 
(Z.ingiberaccae) 

(jahe) 

Ziziphu,; mauririan dry tropical. moist trol ical fruits. fiuel, tannin. medicinal, fodder Rego 1985.
 
(her)
 



Many species yield important commercial oils, including Santalum albumn (sandalwood), Dalbegia sissoo 
(rosewood oil), Pittosponim resinif'wmn, Cwiangium odorama (yilang-yilang oil from distillation of 
flowers), Citinnononum hunnani (cinnamon bark oil), Eucalyptus uraplhylla (leaf oils), Mellaleuca 
Icucadendon (C~ijiupulUt oi!). Mvristica fraerans (nutmeg oil), Pogostemon cablin (patchouli oil), and mary 
others, including Fious roxburgii, I'. elliotti, and P. klisvaand. Several institutes arc actively
researching the oil speci:., to determine compositions and yields (Ibrahim 1988a, 1988b). Howeve., 
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, moi eefficient collection systems, and localizcd processing. Further, the opportunities for
 
plantution culturc of aromatic plants, such as ,11curitas (tung oil), Shorea spp. (fruit, fat, and resin),
 
caxuphorwood, sandalwood. roscwood, and other'; are substantial as is eidenccd by results in mainland
 
China.
 

Many MPTS have edible parts that can contribute significantly to staple diets. These include
 
bananas, durian, mangocs,, illipe nuts, walnuts, breadfruit, bamboo shoot and other tree shoots or leaves,
 
and starch from sanio palm.
 

Individual pcies vi Idvarious products, such as dyes, tannins, gums (Acacia catechtu, Astragolus 
spp.). ncdicinajl. ,heliac,, perfumes, sugars, and animal feeds that research could help develop further. 

Specialty MIH"'S 

This categorv of NI PTS includes some unique species for testing in terms of producing non-wood 
products on plantatlion,, Shorea pintunga (illipc or red neranti) is a good example of a MPTS that plays 
an important role in til cc, inoinc %i.'ell-beinti.of farmers practicing agroforestiry. The illipe nut provides 
subst llial inimh !,) i culse it contains, fl;tvoring substances, perfume coin ponents, and is 

edible. sc.i,, ,!-r;r i s bC to introduction of spccial-pltrpose exotici S1n 1ould iven the continued 
species into Nlutlt I .\,,i I lic jo'jollx tcc (Simmlomt.bit chintensi.s) is it dry-site species that Niclds a 
Valuablh waX afd oil, ar, \IIll as other prIductIs (T;able 3). It could provide farmers income if preliminary 
rcsearch sh,,w ,tsiahiliI\ (YcrlianosI 1,71). Chincsc lallow tree (Sapium sebitenm) is a scd oil tree 
that lend> iiscll t iutcnsivc culturc on small farms. Its attributes and potentials are well described by 
Cowles and Schcld (1987). (;editsia tn'acatho.v (honeylocust) is capable of producing large quantities of 
pods that are rich in stigL and )tWiteill. ThIe pods may be fed to livestock bit research into their 
chemistry mav rcvcal otlhcr use!; of this drought -hardy tree. Rattan (Calamus ceasits), although a woody 
vine, grows intimiatelv with forest trees and is widely used for its fiber throughout the world. The 
chemistry of rattan P, litt : )nown o additional research along these lines would be justified. The 
Empress tree, or Pauholvi,, is pomiBr in Soith ihioaa because of its extremeil, rapid growth, fine wood, 
and other use.,.. (,e,;rion its ce mistry and culturak requircnrcnt. in other part!, of Asia should be 
undertaken. , thn rubbcr tree (titVeU brusilietrsis) is perhaps one of the most highly researched'inall. 

and intensivcl, cullurcd >pccis in Asiai. Yet other facets of its cultivation, especially as a source of 
bee honey, .Iescn' increased attcntion from rescarchers. 

There is certainly a wide rangc o opportunities for developing new chemical resources from MP'TS 
and for making alrcady imlortant species cvcn more useful to farmers. 

CONSTRAI!NTS AkNI) OPPORTUNHIES 

As suggestcd in Fig. i, the utilization of non-wood products from tropical species may begin with 
trees growing eith,.r ir ,natural stands or cultured in plantations. Plantations may be large-scale or on 
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Table 3. Specialty MY'TS. 

Scientific Nmr 

(Common Names) 

Region 

Cultivated/Characteristics 

Products/ 

Uses 

Process/Operation 

Remarks References 

Cafa ms cacsius 

(blume, rattan, 

rotan sega) 

w-ody vine groing 

throughout tropical 

rain forests, up to 

150 m in length 

cone, fiber, ex'ensively for rope, 

house construction, baskets, 

sleeping mats,chemistry unknown 

Weinstock 1984. 

Gledusta 

iriacanthox 

(honey, locust) 

N.E. America but 

adapts to wide range 

of conditions; drought 

hardy, subtropical; 

grows to 45 m but yields 

pods in 3-4 yeam 

pods (up to 5 cm 45 cm), rich in 

sugar and protein; 451 kg. dry 

fxls/trece/var max ; lvestock feed, 
shade, ornamental, fuel, lumber 

harvest pods for fodder, grind 

or rush; excellcni ,,;- '.--

stitim, agrculhure due to 

translucent crown; lcgume but 

does not fixnitrogen 

NAS 1979, Gold and 

Hanover 1987. 

t-. 

ihevea bro.,iliensis 

Nfuell. 

(rubber) 

S.E Asia, tropies tapped for latex to make rut',er, 

pro,,vdes substantial incone for 

farmers; extensively cultivated and 

researched; exellcnt source for bee 

honey, seasonal 

Nair 1987. 

Patlow'Aa spp. 

(Paulownia, Empress 

iree) 

S. China, subtropical; 

extremely rapid growth, 

coppices 

intercrop _d wilh other species; 

leaves used for fodder, sawdust 

for mushroom culture 

iesearch needed on chemistry Vondra 1988. 

1-"uzophora macronata 

(mangrove) 

Malaysia tannin from bark 5 -oftree), 

high poential as adihesive 

gather, grind, extract bark 

with water; b3rk presently 

wasted 

FRIM 1987 

Sapnum sebiferun; 

(Chinese tallow tree) 

Central S. China, semi-

tropical; widely planted 

in Asia and S. America 

white seed co.at contains a hard, 

edible tallow u.7red in soaps, candles; 

kernal oil is a good dy-ing oil 

similar to lung or linseed 

extensive trials needed to 

introduce to cultivation 

NAS 1983, Cu-c and 

Scheld 1987. 



Table 3. Continued. 

Scientific Name Region Products/ Process/Operation 
(Common Names) Cultivated/Characterisfics Uses Remarks References 

Shorea pioanoa S.E. Aia, Sarawak; widely nut, flavor, perfume, fat from nut farmers extract from nut- Muelcnhoff and Silitcnga 
(red i,rantr, illipc) cultivaied(re i~rnti ilie) uliv~edprvies used in chocolate industry;uhia tia iconeseasonal 

provides suibstntial in~come 
fruiting, sporadic 1978. 

for poor 

Sirnordsiac/rinenst Sonoran Desert of Mexico and U .S. liquid wax. polishing c . oil requires lt: or no Yermanos 1979. 
(jojoha) drought resistant, tolerates cooking oil; ltubricant. ,1Iced refining. 45', i 

temp. to 4)0 C; a hushinmp.heton Q yasbusht5equivalent aoand feed supplcnicni. br wse obtamied 
to whole sperm oil; 

in height; long-lived (100 + yecars) ff.om seed and leaves: 
trec, 40(0 kg/ha 

14-1, kg s lccds,/ 
stores long-tcrn 



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 common 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. 1 hereforc, new products and procedures must be carefully introduced 
and adopted by farmers witi. tnc' 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 know',ledg'c base for non-wood products is substantial, the potential for increased 
utilization of MI'S for chemicals, etc. is enormous. 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 avaiiable to screen rapidly for chemicals 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 geiiuinc vorldwide concern for the well-being of tropical forests and the people who 
live in and derive their liveihood from them. This consideration, along with economics, is probably the 
driving force tha! will ensure that chemicals become an even more important commodity obtainable from 
MPTS. 

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

1. find new species issources of useful products, 

2. develop new or better uses for existing MPTS, 

3. preserve the genetiC divCrsitv currcntly available in tropical ecosystems, 

4. improve species selection through tree improvement procedures, 

5. 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. carefully integrate niw developments into existing social systems. 

SPECIFIC RECOMIMENDATIONS 

Traditional harvesting or collection of non-wood products from tropical forests and their utilization 
both locally and in world markets has considerable potential for expansion. A key requirement for 
assisting such expansion is carefully planned and executed research projects to open new opportunities 
that can eventually be adopted by farmers. The following 12 recommendations are designed to guide 
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researci' planning by Winrock International in small-farm production of non-wood products, especially
 
gums, re, ns, and exudites.
 

1.An international workshop on developing non-wood products from tropical forests should be held in
 
1989 or 1990 at an appropriatc location in Southeast Asia. The purpose of this workshop would be to
 
bring together cxper7ts 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 stimilate further
 
research on the vast potential of non-wood products for future development in tropiral forests.
 

2. 	Establishment of a formal cooperative center or institute in Southeast Asia would act as an 
information clearinghouse and research and coordination facility for non-wood forest products. Dr. 
Salleh Mohd. Nor (19&8q), Director General. Forest Research Institute Malaysia, has also proposed that 
a similar institute be located at Kuala Lumpur. Such an otganization would provide the international 
focus, knowledge base, long-term continuity, and planning 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. 	 Selected b.igh-piority MIPT- widely grown by small farmers should be screened for new chemical
 
substances. Emphasis should be given to the following species:
 

Acacia aunculiftrmi 
A. 	naniqum 
A. nilotica
 
Azadirachta inulica
 
Eucalptu. cainaldul'nsis
 
Robinia psct.doacacia
 

Systematic chemical character:.zations aimed at revealing chemicals that can be culecied by 
farmers are needed for these species. Although neeni or Azadirachta indica is probably the 
furthest along in terms of profiling its chemistry and product development, much remains to be 
done even on tlat remarkable s[.cies. The others listed are also high priority for chemical 
screenin . 

4. 	 Analysis of the primnary species frorr which oleoresins are obtained by farmers is needed. Species 
such as Pinus nicrkusii and Dipterocatpu:skern should be emphasized and studied from the following 
standpoints: 

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

o 	 improved techniques for tapping of trees to increase yields and efficiency of operations, 

o 	 investigation of the use of the stimulant paraquat for increasing yield per tree, and 

o 	 optimized niarkting and processing of farmer-gathered materials to increase returns to local 
economics. 

5. 	 The following specialized species-products systems should be carefully evaluated by economists and 
sociologists and possii)ly targeted for demonstration and development: 
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o Beekeeping and honey production. This is a lucrative enterprise for small farmers that 
involves soecies such as rubber tree, acacias, Eucalyptus spp., and Robinia pseudoacacia. 

o 	 Sericulturc. Cultures of Morus spp. and silkworms to produce silk are highly amenable to 
further development in Sottheast Asia. 

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

6. 	 Tannins derived from gathered bark of several species including the neern tree, ather acacias, and 
mangroves, arc excellent binders and adhesives that could enter world trade in a significant way. 
Current research should be expanded and results implemented by economists, extension specialists, and 
sociologists. 

7. 	 The remarkable illipe nut from Viorea pinange or S. mnacrophylla yields useful substances that should 
br characterized and marketed. The seed fat is especially valuable as a cocoa butter replacement in 
chocolate. 

S. 	 Versatile rattans deserve strong research emphasis because they already have proven roles in world 
markets that can bc substantially incicased with more research. 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 research should be conducted to develop methodology for selected species including 
rattans, rubber tree, Pinus mcrkusii, and bamboo. This is neccssa-ry to accelerate genetic 
improvement programs for "hese valuablc species and to ensure preservation of genetic diversity as 
mature forests arc deplcted. 

10. 	 Several highly, promising new exotic tree species should be refierched for possible use in Southeast 
Asia, including the Chinese tallow tree, jojoba, Paulownia, and honeylocust. These species offer
 
unique opportunities for small-farm incomc or on-farm use for feed fertilizer if thei: culture
or can 
be established. 

11. 	 Social-science studies of non-wood forest products at the village level should focus on their use, 
management, and ecology ;n a holistic framework. These would include mcthods of collecting, 
managing. and propagating forest resources and would integrate ethnological, economic and ecological 
data about people and forests ( Padoch and Peters 19,.). 

12. 	 Tree improvement rfl:ams should be initiated for all major snecies involved in plantation culture 
from which chemicals may be derived. These programs encourage farmers to tend trees intensively as 
crops, enable improved crop outputs or quality, and invariably show high benefit/cost ratios when 
carefully undertaken. Such programs are critical to increased utilization of the priority MPTS and 
other high-priority species. 

31
 



REFERENCES
 

Adeyoju, S.K. 1980. The future of tropical agroforestry systems. Common For. Rev. 59:155-61. 

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

Ando, Yacob. 1087. Isolation of olcoresin from Cassia vera bark by percolation process. Bogor

Indonesia Comm. 4(1). Bogor: 
 For. Prod. Res. & Dcv. Centre. 

Ando, Yacob and Suwandi Surnadiwangsa. 1983. Determination of cajuput oil quality by the

cristalization method. Bogor, Indonesia Comrn. Rep., No. 167. 
 Bogor: For. Prod. Res. & Dev. Centre. 

Anonis, D.P. 1988. Cassio (Acacia) in perfumery. Perfumer and Flavorist 12131-36. 

Ara. 1lfat, B.S. Siddiqui, S. Faizi, and S. Siddiqui. 1988. Tcrpceoids from the stem bark of Azadirachta
 
indica. Ph.vtochi-',istn 27:1801-04.
, 

Banks. J.C.(;. and W.E. flillis. 19. The characterization of populations of Eucalyptus camaldulensisby

chemical tcaturcs. .Auut. J.l-ht. 17:133-46.
 

Berl. R.M.. P.C. Dobhjl, and K.-;. Avyar. 1982. Indian For. 108:69. 

13hat, D.N. 19S. Oil sci'd ol forest origin--a rough estimate of availability. In Trends in tree

sciences, cd. Khosla and Srhgl, pp. 329-32. Solan, India: Indian 
Soc. Trcc Scientists. 

Blair, ;i-rry \W. and P.D. Olpadwala. 198M. Planning for appropriate forestry enterprises: Lessons from 
rural de'clopment cxpericncc in Th;:d World countries. New For. 2:41-64. 

Calvin, Nielv;n 1VQS,. New snturces for fuel and materials. Science 219:24-26. 

Campbell, J.Y. 19'7 Tropicalforestnc and biological diversih, in India and the role of USAID/Ivew 
Delhi. Mimco ' t. New Delhi: USAID 

Chauhan, N.S. ard P.K. Khosla. 19,. Commercially important medicinal plants of Himachal Pradesh. In
Trends in trce-sc4':nccs, eds,. Kh;osla and Schgal, pp. 81-98. Solan, India: Indian Soc. Tree Scientists. 

Council of Scientific and Industrial Research. 1948. The wealth of India:A dictionar , of Indian raw 
materials and industrialpioducts. New Delhi, India. 

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

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

Deshmukh, D.K. 196(. Characterization of chir pine (Pinus roxbuMghii Sargent) for resin yielding
capacities. Ind.For. 92:368-90. 

32
 



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

1973 Variability and genetics of oleoresin yielding pines. Plant Sci. 5:7-18. 

Erickson, R.E. lP7(. The ind~isrial importancc of mnonccirpcnes and essential oil,. Llr,.vdia 39:8-19. 

F/FRED Project. 1,"7 fIfred--.A si progrc..s rcport, Arlington, Virginia. Winroc.k International. 

Forest Products Researh and D)cvclopment Centre 1M . List of publicationsof rie Forest Products 
Research aiD[)cclop;mct (.'ltrc. 3oieoi, Indon.ia (includes 19'4 and I087 upplemcnts). 

Friedrich. It. 1)7(,. t',n?,propano; id contlitluep ,of csntial oils. l-lovdia 3(:1-". 

FRIM. 1).:7. R.search proratnc." 1Q N'- 0,. Kuala Lu npui: Forest Researcl, Institute Malaysia. 

(;ianno, Roscmr.l. T cxploil ,t,n of rcsinous products in a owland Malazan forest. he'1k Wallaceana 
43:1 -,. 

(,;ianno. R. and K.N. Kochurnnicr. 10,1 Notes on some minor forc',t products. 7ic Afalaysian Forester 
-4:5€,€,-t',.
 

(;old, M. and J.\. 11anocr. 19S7. Agroforcstrv s\stcnis for the temperate ,ones. Agroforet.,t.'Systems 

5:1 (N-2 1. 

(upta, J.K. and O.S. Dogra. 1167. Importance of Rohinia pseudoacacia as a bee forage. In Social 
forestr' fior niraldevelopoi't, eds. P.K. Khosla and R.K. Kohli, pp.215-17. Solan, India: Indian Soc. 
lrcc Scicntit[, 

Hiartovo a.nd "ijlu Nurlaa.tli. 1)074. Pii. tar from i'mtvi' inrktuii Jungh. et dc \r. of various resin 
conklit. Bolir,'ln )Zh)jioi, Coomm. RA,No. 5. Bocor: For. Prod. Res. & Dcv. ('cntre. 

I lart ,,,anO NU I hdsi Saclur i. ]Q-. Dcstructivc distillalion products ol some Indonesian wood and 
1heir pe ,CCt of utiliat/nn. Bogor, ndons.ia, Comm.Rep., No. 86. Bogor: For. Prod. Res. & Dev. 
Ce nIr. 

Hcinsicin. Pccr V. 1')Sf. Future aptroachc-s,to the formation of secondary natural products in plant 

suspension cultutre,. J.Vat. Fro,!. 48:1-'. 

Ibrahim, J. 1,)Ssa. I7o cswnita; oil of Dipturocarpus kcnii. Occasional Paper. Kuala Lumpur: Forest 
Research Institate NIaiavsi. 

. 1'- oloresinfrom Dipterocarpus kenii. Occasional Paper. Kuala Lumpur:IQS. Taiwing ,,f 
Forest Research Institute Malaysia (in press). 

ICRAF. 19S7. Agrolforcvn. Nairobi. Kenya: Intcrnational Council for Research in Agroforetry. 

Jambulingam, R. and t.C. . Fernandes. 1QS7. Multipurpc s trees and shrubs on farmlands in Tamil Nadu 
State (India). Arforcstn-SYstems 4:17-32. 

Kasmudjo. 1970. "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 Agroforetn, ,,stems--a newchallenge, eds. Khosla and Puri, pp. 151-(0. Sokan, India: Indian Soc. Tree Scientists. 

Lange, G.K. and K.A. llauci. 19&D. Progress in the svnthesis of the sandalwood fragrance 3-tians­isocamphylcyclohcxanol. In Frapranc andflavor substances, ed. R.Croteau, pp. 111-21. Pattersen,
NV. Germany: D and PS Verlac. 

Lrew, Hiram G. 1NMS. Limited occurrence of loliar-, roo-, and seed-applied neeni seed etvtract toxin
 
in untreated plant parts. J.Econ. Entomol. 81(2):593-98.
 

Little, E.IL., 
 Jr. 1982. Common fuelwood c;oo. Morgantown, West Virginia: Communi-Tech. Assoc. 

Meulenhoff, L.W.M. and TM. Silitone'a. 1978. The importznce of riinor forest products. ln Proc. &hHWorld Fore.striv Co,rvr., pp. 1322-4'. Jaarta, Indon sia. 

Midglev, SJ., K.G. Eldridgc, and J.C. Dorn. 1087. Genetic resources of Eucallpmi. camaidulensis. InTrces on small farms: Multiprpo w tre'e species research for the arid and semi-arid tropics, eds. D.Tavlor and L. Modeml, pp. 8Q)-9 ). Arlington, Virginia: Winiock International. 

Nair, P.K.R IQ, . ,rjt, 
 s' irst'sYstem., in mI iJar ecological zones of the tropic., and si:htropics.
Workine iapclr N1o. 47. Nairof'i, Kcnv, lCIZ,\l-.
 

Naravana, K.1 .,., 
 I1.). Kulkarii, R.A. SrirnaLh', and K.R. Venkatesan. 19M8. Sandal oil estimation insmall quantitv of matcrial throt.h extractive-oji correlation. In Trcnds in tree sciences, eds. Khosla
and Sehgdal, pp. 21 4-67. Solan. India: Indian Soc. Tree Scientists. 

NAS. 1071i. Tropical l ,':,<'R 0wt'tmi c.sfio"the futnre. Wasihington, D.C.: National Academy Press. 

1*980 F.reuwooid crops. Wahii,ton. D.C.: National Academy Press. 

1'3. Firew,,d crops. Vol. 2. W'rshinLt~on, D.C.: National Academy Press. 

Nemethy. E.K. 1984. Biochemicals as an energy resource. In CRC criticalret, ws in plant sciences 2,
ed. Lipinsk, pp. 117-29. Boca Raton, Flor:da: CRC Prcss. 

Ncmethv. E.K. and M. Calvin. 1982. "l'crpcne., from pittosporaceac. Phvtochen,. 21:2981. 

Noble. B. 107,.. More secrets of thc petroleum nut. Canopy 4:4. 

Nor, Sallch, Mlohd. 198,6 . Project Proposal tor the Setting Up of a Non-Wood Forest Product Center at
Forest Research Institute Malaysia. Unpublished Report. 

OTA. 1983. Plata.s. 77itpotentials fir avtracting protein medtcines atd other uscful chrmicals.
Washington, D.C.: U.S. Congre-s Office of Techaology Assessment, OTA BP-F-23. 

k__,1S4.Technitogics !o suswa. topicalfoest re~ourvcs. Washington, D.C.: U.S. Congress
Office of Technolov .%sessment, OTA-F-214. 

Padoch, C. and C. Peters. 198&. Ecology, use and management of minor forest products in WestKalimantan, Indonesia. Bulletin 12, pg. 3. Grant Proposal to U.S. Man and the Biosphere National 
CommittLcc. 

34
 



Paramoneva, N.V., N.G. Chkhaidze, and GA. Sanadze. 1987. Ultrastructure of chloroplasts in Populus 
deltoides Marsh. under conditions of intensive isoprene formation. So.'. Plant Physiol. Engl. Tr. 
314(5):75,. 

Rego, L.IL.A. 19 5. Information on important tree'species. Dehra Dun, India: Forest Res. Inst. and 
College,
 

Roliladi, fl.and )uvard! Sun.adiwangsa. 1979. An experiment on shellac production from prewashed

secdlac w)(b alh .,odi. Bo,.,r. Idonesia, Comm. Rep., Bogor: For. Plod. Res. & Dev. Centre.
 

....
Rt'djl :ir.tn. ~ .. ~:i ' ,;c .s. ,ils in Java. In Observations on 
agro;orcs-v on Java, Indoesia, ,'d. IK.G. W\irsdm, pp. 76-8). Yogyakarta: Gadjah Mada University. 

Rusliana, Lin; aad Su',iad Sim,-idi%,an 'sa. 1983. lllipe nut for fat production and its poKssible use as
 
food Stuf. tOI 1nr,neAi,i, (0,mm. PepT., No. ](,-1. Bogor: For. Prod. Re.. & Dev. Centre.
 

K..-\.,,hankarnar t,.,i. I.NK. Iliar'. and ilK athjn. 19,Q. Agroforcstrv in the arid zones of India. 

Shrn.. i'. K., . Ehind,tri, and A. Shrivastra. 19t5. indian Forcsts 3:149-57. 

Si nvii . . I' >. Present tatns. o agroforcstr.\ rese arch in India. In, A ,roforestr, systemc--a newchall,'i~'. P.KK.Kt Sla and S. Puti, pp. 25-3!. Solan, India: Indian Soc Tree Scientists. 

,mith. A.I., ,Nfl11l 1I).' Vt,.r. and J.\V. tlanovcr. Evtr.iction of decav resistanc factorsfrom 
wiaA. A: i':I,,.,) ' hun (in pros , 

-
I \A ow 

April l~)-:2 '-


Spencer, R. %) oj>. i 1 . ipmentI nw eCekcCpcr. forPapua, New Guinea. Airer. Bee Journal, 

Srinathi. Ri' l [Brcedinc ,f,,,rdal--a tropical hardwood tre,, current status and future prospects.
In Trendi, in trec .seiences, eds. lKhosla and Schgid, pp. 207-14. Solan, India: Indian Soc. Tree 
Scienutisv>. 

Sta,a. L.J. 19,"1,.Alkaloid production from cinchona cell and organ systems. In Genetic manipulation of 
k,v.Ix pla,t, cd,. !, Itanovcr and D. Keatliley, pp. 313-2S. New York: Plenum Press. 

Sn0adiwanga. ). ... and oil. Boror, Indone.sia Comm. Rep., No. 67. Proce ssni quality of cajuput 
Bogor: For. Prod. Re. &,Dcv. Ccntr,:. 

197_, * Ou;.lit. of mum rosin flom Cntral Ja'a and its change during filtration. Bogor, 
hil, , i,., (onmi. Rcp., N,. 111'.floggr: For. Prod. Res. & Dev. Centre. 

185. Ma:nerovc bark povder 

2(4). B,,o.:: For. Prod. Re,. & Dcv. Centrc.
 

1__ as particle board adhesive. Bogor, IndonesiaJournalSeries 

Io. of1 Mixturc wheat and sago flour as extender for plywood adhesive. Bogor, 
Indonesia Jounal Serc.s 3(4). Bogor: For. Prod. Res. & Dev. Centre. 

Sumadiwangsat, S., Abdul Ghani, and Siti Hasanah. 1075. Rosin soap. Bogor, Indonesia Comm. Rep., No. 
30). Bogor: For. Prod. Res. & Dev. Centre. 

35 



Sumadiwangsa. S., Han 'oliadi, and Suhendar. 1978. Distillation of cajuput leaves with and without 
illone:ia Comn. No.twigs. Bogor, Rep., 12. Bogor: For. Prod. Res. & Dtv. Centre.
 

Sumadiwant,,a, S. and Yacob Ando. 19,6. The -xItential of tannin from 
 Tarakan East Kalimantan 
mangrovc for c, . Bogoi, Indonesia Comtn. 3(3). Bogor: For. Prod. Res. & Dev. Centre.
 

Sumantri, 1. and So.2_narso Sastrodimedjo. 1976. 
 Tapping trials of Agathis hainii in South Sulaw:si. 
Bogor, Indori(si, (iomrn. Rep., No. 58. Bogor For. Prod. Res. & Dev. Centre. 

9'7-1 The influence of chemical stimulance in pine tapping. Bogor, hdonesia Comm.77a. 

Rep., No, 82. For.
Bocor: Prod. Res. & Dcv. Centre. 

]Q 77h. Tapping trials on Aathis loranthifolia Salisb in East Banyumas. Bogor, Indonesia 
Comm. RCp, No. 84. Bogor: Yot. Prod. Res. & Dcv. Centrc. 

Sumardi. 19~8 1. POdUtiOn bY mearns of forct insects in Indonesia. In Observations on agrQjo )rcstry on 
Aive, hCdzvoi., d. K.F. Wictsu:Ln pp. 68-75. Yogyakarta: Gadjah Mada Univcrsitv 

StUparto, Rahtrd, . :nd ,Sri SutopO. I",I. PoSsihiltv Of Usirig latex for forcst road subgrade

stahilia imon. li',Xor, thonemsia Comm. 3(3). 3ogor: For. Prod. PCs. & Dev. Centre.
 

Suscn,0, ()cni }Ii'in. 1,Q-.. Itnimcew vith J.\V. Il noxer in J;akarta, indonesia. April 198,8. 

Syahri, T.N. I '.k5. t)estriiclc distillation ,,'roTcrics (t several Indonesian woods. Bogor, Indonesia
 
Comm. R.. No.; Boioi: For. Pr,)d. Re:,. & Dcv. Centre.
 

Tandyono, aind Moci Katrdi Sahruddin. 10Q7.1. lcvcIhn ent possibilities of the pine-tar project in
 
Tanjun.: i. BrorrIudorcsia C(orm. Rep., 
 No. 41. Bogor: For. Prod. Res. & Dcv. Centre. 

Taylor, Daivid A. and L. Mcdema (eds.). 1987. Trees on small farMs. Mulripurpose rt'e speciet research 
for flit arid and semi-and tropics. Arlington, Virginia: Winrock, Intcrnational. 

Todn.:ova, M.. I. On'mvano,, and Pham Trong Thi Tho. 198. Composition of Vietnamese essential oil 
from Mchiauca lcoeaderdron L. Perfumer and tFlaco,ist 13:17. 

Venkataraman, K. 1971. Woo0,d phenolic" with special reference to their use in cheinotaconorO and their,
biosvthesis he tis.0u( culture stutdies. Poona, India: National Chemical Lab,
 
Final Tech. Rpt. PL-48.- A7-F-S-42.
 

_ 1977. Flavonoid.os, tannins, stilbenes, lignan and quinones in some Indian forest trees. 
Poona, India: National Chemical Lab, Final Tech. Rpt. PL-480-.A7-FS-70. 

Venkatesh, C S. and V.1K. Sharma. 1980. An artificial trispecific hybrid: (E. carnialulensisDen. x E. 
tercticomis Sm.) x E. grandis Hille x Marden. Euphytica 29:451-8. 

Vondra, i. 19 Hope'; highr for Paulownia trees in intercrop farm use.,. ao: Australian Forest Grower 
10:7-8. 

Wang, S.C. and J.73. Huffman. 1981. Botanochemicals: supplements to petrochemicals. Econ. Bot. "E 
35:309-82. 

36
 

http:Flavonoid.os


Wee, Y.C. and AN. Rao. 1982. Current and potential plant resources of the tropical rain forest. In 
Tropicalforests: source of enerT, through optimization and diversification,ed. P.B.L. Srwastava, pp. 
115-25. Selangor, Malavsia: Universiti Pertanian Malaysia. 

Weins:ock, J.A. 19)84. Rattan: A complement to swidden agriculture. Unasylvc 35:16-22.Wiersum, K.F. 
1981. Tree gardening and taungva on Java, examples of agroforcstry techniques in the humid tropics. 
In Obsenation.s oil 4groforestn' in Java, lndonesia, cd. K.F. Wiersum, pp. 159-76. Yogyakarta: 
Gadjah Mada Universitv. 

Wilson, Gcoff. 1983 Malaysia well advanced on leucaen. Australian Forest Grower, Mar. 1983:24-25. 

Yermanos, ) M. 11)74. Agronomic suvey of jojoba in California. Economic Botany 28:1(-74. 

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

37
 



Appendices 



Appendix I 

SELECTED LIST OF INTERVIEWEES
 

IUDIA 

National Chemical Laboratory, Rune: 

Dr. A.C. !iahcarenhas, Head 
Biological Sciences Division 

Dr. John B -nabaa, Head 
Biochemical. Science Division 

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

Dr. Nagasmnpagi, Head 
Natural Products Division
 

Many (10-15) other scientists provided useful information at the 
NCL in Pune.
 

New Delhi:
 

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. Bangarwa 
Haryana Agricultural University
 
Hisar, Haryana
 

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

Dr. Ranjit Singh Dhanda
 
Punjab Agricultural University
 
Hofihiarpur, Punjab
 

Dr. Mukund Purnhottam Diwakar
 
Konkan Krishi Vidyapeeth Agricultural University
 
Dapoli, YMaharavhtLa
 

Mr. M. Saleem
 
Sher-e-Kaahmire University of Agricultural Sciences and
 

Technology
 
Srinagar, Kashmir 

Dr. N.K. Verma
 
Birsa Agricultural University
 
Ranchi, Bihar
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Jakarta
 

Dr. Setyono Sastrosumarto, Director General
 
Aency for Forestry Research and Development
 

Johannes A. Hoenada, Sezretary to Dr. Setyono
 

Agency for Forestry, Research and Development 

Lukito Darvadi, Project Manager 
Perum Perhutani 

Bogor 

Dr. Nana Supriana, Director
 
Fofestry Products Institute 
North Sumntern 

Mr. Ombo Sayapradfa, head 
Forent RP-3earch Inscitute
 

Bengkulu
 

Dr. Soekotjo, President
 

University of Bengkulu
 
Jalno Kantz Lima
 

Yogyakart.a
 

Oemi Hani'in Suseno, Professor 

University Gadfah Mada 

MALAYSIA 

Foreat Rcsearch Institute 

Dr. Abdul Razak Bin Moh. Ali, Assistant Director
 

Chemistry 

Dr. J. Ibrahim, Phytochemint (resins) 

Dr. Azrah Iohd. Yuuoff, Tigaue Colture 

Dr. Sallen Mohd. Hor, Director General 

Dr. Mohd. 'For Mohd. Yueuf, Research Officer 
Wood Cherais; ry 

Mr. firancis Ng, Aasistant Director 
Wood Preservation 
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Universiti Pertaniar 4alaysia
 

Jalaluddin Harun, Lecturer
 
Wood Cbemiritry and Preservation
 

Dr. Kaas Awang, Dean 
School of Forestry
 

Rubber Research Inotiute of Malaysia
 

Director, Biology Research
 
Tissue Culture
 

TH&ILAM 

Bangkok
 

A. Colin McClung
 
Winrock International
 

Gerard Rii-hon
 
Winrock International
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Appendb, II 

TAWAN FORESTRY RESEARCH INSTITUTE 
D11'TANICAL GARDtEN 52 NAN44I ROAD, TAIPMI 

TAIWAN, RIPU IC OF CHINA 

Mar 12, 1988 

Dr. James W Hanover
 
Department of Forestry

Michigan State University

East Lansing, Michigan 48824-1222
 
USA
 

Dear Dr Hanover 

Your letter of Feb 3 to the Director of TFRI wds received and washanded to me. In recent year forest by-product is ale of the aspectsreceived a lot of attenticin in this island. So far a limited
results in several crops are available for the public. Enclosed
please find a list of publicaticn which may interest you.
Since most of tl n were written in (Tirese, 7 an &rai that theybe very much help to you . If you need 
rn't 

them I will be hampyto
send it to you.p 

At the end of August last year, I visited and talked to r~u in yorlab. The several pulicatios Obtained fram you are hel.ful to mayof us. By the way I wold like to get an invoice for tye pulicationrel-ated to the genetic manipulatin of woody plants, which is thetopic of a oonference held in E Lansing last year. 

If anything I can do for you please dcn't hesitate write to me. 

Sincerely, 

Tsan-Piao Lin 
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