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PROGRAME
 

Multipurpose Tree Germplasm
 
A Workshop to Discuss International Cooperation
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Tw-sday 000-900 
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(i945-1100 
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Arrival at Washington .C.,
 

Meeting of Working Group Chairmen and Rapporteurs
in Room 451, A - Joseph Henry Building. 
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Welcome to 'National Academy of Sciences 
(Mr. J. Hurley, Director of the Board on Science 
and Technology for International Development -
HAS). Introduction and organization of Workshop
by ICRAF (Mr. P. von Carlowitz) 
Summary of background and resource documents 
(Dr. J. Burley)
 

Coffee
 

Subject 1. The Present GerMlasm Situation
 

Discuss the establishment and maintenance of an inventory of 
activities in the exploration, evaluation and distribution 
of multipurpose tree germplasm. Identify problems of taxonomy,
seed handling, germplasm preservation, iitternational movements 
and supplies, and documentation.
 

1115-1245 

1245-1415 

1411. 0'45 

1545-1600 

1600-1730 


(1730-1800 

Wednesday 0900-1100 
June 1
 

1100-1230 


1230-1400 


1400-1530 


1530-1545 


1545-1715 


Working Group meetings (3 groups simultaneriusly)
 

Lunch
 

Continuation of Working Group meetings
 

Tea
 

Continuation of Working Group meetings 

Meeting of Wo.rking Group chairmen and rapporteurs)
 

Free to visit embassies, offices, etc. 

Continuation of Working Group meetings 

Lunch 

Plenary session. Presentation by Working Group 
chaimen of discussions and draft recomendations 
on Subject 1. 

Tez
 

Continuation of plenary session on Subject 1.
 



Subject S. stra'-egis"To Combat The'Problems 

Describe the current strategies of exploration, evaluation,
 
conservation and improvement of multipurpose tree germplasm.
 
Identify national and international needs, resources and
 
institutional problems. Seek mechanisms to overcome the
 
constraints. ."Recomendfuture activities.
 

0900-1030 


1030-1045 


1045-1230 


1230-1415 


1415-1545 


1545.-1600 


1600-1730 


'1730-1800 


1900 


Friday 0900-1100 
June 3 " ' 

.1100-1115 


1115-1245 


1245-1415 


1415-1545 


1545-1600 


Working Group meetings
 

Coffee
 

Continuation of Working Group meetings
 

Lunch
 

Continuation of Working Group metings 

Tea
 

Continuation of Working Group meetings
 

Meeting of Working Group chairmen and rapporteurs)
 

Receptinn
 

Plenary session. Presentation by Working Group
 
chairmen of discussions aiid draft recommendations
 
of Subject 2.
 

Coffee
 

The views of the donor community
 

Lunch
 

Final plenary session. Summary of problems and
 
reco;mended activities 

Closing comments (P.von Carlowltz)
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EXECUTIVE SUMMARY
 

With increasing human and cattle populations and growing cultural demands
 

there is increasing pressure on all natural resources including forests
 

and land. Rates of regression of tropical forests and rates of desertification
 

are discussed (page 1 and Appendix 1). Of particular importance are fuelwood
 

deficits (page 1 and Appendix 2). Equivalent plantation areas needed by the
 

year 2000 are estimated at 100 million hectares whereas the current annual rate
 
is 1 million hectares (Appendix 3).
 

The scope of trees and shrubs both in meeting man's needs for products and in
 

sustaining soil productivity is becoming increasingly recognised. The 
products include many non-traditional forest vroducts and services particularly
 

in the rural sector rather than in industrial forestry (page I and Appendix 4),
 

resulting in new directions for forestry research (Appendix 5) and new or
 

difficult sites for afforestation (Appendix 6).
 

The concept of multipurpose trees includes shrubs, palms and vines and these
 

have application for social forestry objectives and agroforestry land manage

ment systems (pages 2-4 and Appendix 7). Many hundreds of species have been
 

considered to have multiple uses (pages 5-6, Table 1 and Appendix 8) but
 

vary extremely in the amount and types of information available about their
 

natural dibtribution and variation, methods of exploring, collecting and
 

evaluating their germplasm, and needs for and methods of genetic conservation
 

and breeding (pages 6-7 and Table 2). The major sources of such information
 

are described (pages 7-8 and Annexes 9-11).
 

For exploration, evaluation and conservation of wide-ranging species
 

centrally coordinated programmes have many advantages and the major existing
 

international programes are reviewed (pages 9-11 ). The special place of
 

IUFRO and the need for its expansion to facilitate greater support for
 

developing countries, particularly in relation to rural development, energy
 

forestry and conservation, are described (page 12 and Appendices 14 and 15).
 

Although it is not possible to generalise about the need for germplasm
 

acquisition, evaluation and storage with so many species having potential 

importance, some of the basic common characteristics of multipurpose trees are 

described (pages 13-22). These include issues in taxonomy, natural variation, 

genetics and breeding systems (Appendix 16) but particularly problems of
 

exploration, sampling of natural origins and derived provenances. The design,
 

assessment and management of evaluation experiments pose particular problems
 

(pages 18-19). Care should be taken that enthusiasm for widespread planting
 
does not cause problems of species becoming weeds.
 

Many of the species and provenances of potential iaterest may be subject to
 

genetic erosion or loss and both strategies and techniques for genetic
 
conservation are required (pages 20-21).
 

Despite published suggestions of many suitable species there are few
 

indications of actual ieed demands but agencies that encourage planting of
 

such species should also consider the problems of seed supply and source
 
reliability (pages 20, 23-24); a survey conducted for this document indicated
 

that for 26 out of 110 species seed supplies are insufficient to meet demand
 

(Appendix 18).
 



- iv -

Legal instruments and agreements exist nationally and internationally for seed
source certification and plant health quarantine. 
These should be reviewed
in the light of potential international trade in multipurpose tree germplasm,
and both seed donors and seed recipients should be encouraged to follow
approved systems and develop appropriate exchange and control techniques

(pages 24-26 and Appendix 17).
 

Tissue culture has potential for genetic conservation and germplasm exchange
while all forms of vegetative propagation have application in tree breeding
and in afforestation (pages 26-27). 
 The potential and problems of breeding
multipurpose trees are reviewed and considerable enhancement of national
capabilities is required; strategies should be developed for resource sharing
through internationally coordinated breeding poolr and data banks (page 27).
 

It is the object of this Workshop to suggest strategies for meeting global
needs and combatting problems in the use of multipurpose tree germplasm,.

This document concludes with a number of suggested elements, topics 
or
activities that should be considered in developing such global strategies

(pages 28-30).
 

Some 150 references are cited in support of statements made in this document.Various supporting documents (Annexes) deal with the special case of palms,
,the question of seed supplies, health legislation, and the impact of

non-governmental organizations on germplasm resources.
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THE SCOPE OF I"TTIPURPOSE TREES
 

BACKGROUND
 
Largely as a consequence of growing human and animal populations there has
been, world-wide, an increase in deforestaticn and, especially in thetropics, general land degradation. Not only marginal lands but, in many
cases, existing cultivated areas are rapidly declining in productivity.
The rates and locations 
of these losoes were described by Sommer (1976)and Wood et al. (1982) and the Ppecific case of desertification was
summarised by Grainger (1982). 
 Tfe rates of regression of tropical Loist
forests, rates of desettification and the tropical lands with potential

for reforcstation are summarised in Appendix I.
 

The consequent 
Lcute food and fuelwood supply problems are well known.
These necessitate intensive 
counter-measures 
among which tree planting

programmes are thein forefront, both for environmental protection
enhancement or on the one hand, and for renewable energy supplies on the
other. 
 There is a growing awareness that woody perennials can and mustplay a prominent role not 
only in maintaining the sustainability of many
tropical land use systems but in 
meeting farm fuelwood needs. Tropical
areas with current and predicted fuelwood deficits are shown in Appendix
2; the equivalent plantation areas 
required to 
meet the predicted deficits

total over 100 million hectares by the year 
2000 (ood et al., 1982).Since 
the current annual rate of afforestation ie only I million hectares,
including planting 
for industrial forestry schemes 
(see Appendix 3), a
massive increase in planting activity 
is required before 
the turn o the
century, much 
of it with species or in areas that are not 
traditionally
 
planted, for energy supplies alone.
 

Trees and shrubs are, moreover, now being extensively planted outsidetraditional forest areas to 
provide not only timber 
and fuelwood but a
wide 
range of other products and services. The high importance of these
additional roles of forests and trees has recently been recognised in the
forestry sector policies of 
FAO, World Bank, Asian Development Bank and
other international 
and bilateral assistance agencies (see e.a. World

Bank, 1978). They .are summarised in Appendix 4. Emphasis 
in national
 
development 
and in assistance programmes has 
changed from industrial
plantation forestry 
towards forestry 
for local community development (see

e.. FAO, 1978) 
and this has been paralleled 
by a need for increased
research. The *priorities for 
such research and 
some mechanisms for

strengthening national 
research capacity were described by World Bank and
FAO (1981) in a paper that was 
approved by the world 
forum of forest
 
researchers, the 17th 
Congress of the International Union 
of Forestry
Research Organizations (IUFRO). These 
research topics are summarised in
Appendix 5. 
 The top tio priority groups of subjects are "forestry inrelation to agriculture "nd rural development" and "forestry in relation 
to energy production and use". In both groups the choice of tree speciesand provenance, seed 
supplies and vegetative propagation, and tree
breeding are major priorities. 
 Even in the lowest (fourth) priority
 
groups ("industrial forestry") these topics 
are of the greatest importance
while in the 
 third group ("management and conservation of existing
resources") conservation of genetic resources is recomLended for urgent 
research.
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Different countries and areas within countries %ave different prioritiesbut a subjective assecament of afforestation types was made by Wood etal.(1982) - see Appendix 6. 
In view of the overall changes of emphasis inglobal forestry needs and activities, and the particular need to supplymany of man's requirements from small units of land, a large number oflittle known species are promising candidates (the so-called ultipurposetrees or shrubs), and interest in these has increased markedly in acomparatively short time. However, the demand for suitable trees andshrubs (as well as vines and palms) which have the potential for various uses cannot, at present, be met adequately by coptrolled supplies of 
appropriate germplasm. 

This discrepancy between demand and supply of germplasm has develope-a situation that is rapidly getting 
into 

out of hand. Not only are nationaland international tree planting programmes experiencing acute difficulties
in drawing ov properly authenticated seed sources but very largequantities of seeds of unknown and unevaluated provenance are beingexchanged world-wide regardless of the problems this will eventuallyentail. 
 Even where seed collection is being validly &cumented theappropriate procedures for sampling are often being overlooked. Thequestions of legal instruments and source identification have not yet been
fully addressed for multi-purpose species.
 

Atother concern 
is the depletion of 
 genetic resources of potentially
important species, 
either as a result of indiscriminate devegetation 
or
through lack of funds to maintain germplasm collections. The need toconserve multipurpose tree germplasm in appropriate ways is becoming
increasingly apparent.
 

Several leadiug institutions and organisations have realised that these
problems will only escalate if .mmediate steps are not taken to resolvethe growing chaos. The Workshop is intended to take the first stepstowards identifying the problems, and to discuss and set in motionappropriate strategies for 
supported by 

their possible solution. This document,five consultants' reports on cvecial topics, provides the
framework for these' activities. It. is expected that the Workshop will
amplify the document 
 in relation to information on species, countries andsites, documentation 
and research 
centres, international 
and national
support strategies, and legal or quarantine aspects of germplasm exchange.
 

SOME DEFINITIONS AND DISCUSSIONS OF TERMS

Several terms have become common Jargon in recent years and, like manyjargon terms, they can mean different things to different people or invarious uses. Also many acronyms are used in this modern age of initials.The term used most frequently for this document and Workshop are defined 
below.
 

Multipurpose trees 
Trees are 
generally understood 
to be free-standing (self-supporting) woody
perennials with a more or less distinct and elevated head, a single mainstem and a mature height generally exceeding a few metres; woody normallyrefers to xylem material produced annually by a persistent cambium of thedicotyledonous or gymnospermous type but for this Workshop we includemonocotyledons (such as palms -
see the paper by Johnson, 1983. annexed to
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this document - and bamboos). The Palmae include 200 genera and 1500species, all tropical or subtropical evergreens. The individual 
tree
habit 	 is a crown of pinnate or palmate leaves at the end of an unbranched 
stem. There are climbing palms ur rattans (IDRC, 1979; Dransfield, 1981)and other plants whose common name is palm but 'hich are not botanically
in the Palmae (e.&. the sago palm, Cycas circinalis, in the gymnosperm
family 	 Cycadaceae). Other plants that may be confused with palms by thelayman and which may have several uses include:- some climbing bamboos;the "sword trees" in the Liliales and Agavales; the dragon trees,

Dracaena and Cordyline; Yucca, Nolina, Dasylirion and Furcraca; 
the
Australian "grass trees" in the genus Xanthorrhoea. Also the Workshop mayconsider woody plants with multiple stems 	 often less than 2m tall (shrubs)that are becoming increasingly important as fodder. Together these
 
species are referred to as MPTs.
 

In addition morphological of plants, thea group climbers, Include woody
species in several taxa and with multiple uses. Climbing plants use otherstructures to 
achieve and maintain a place in the canopy or open light.They do not form much structurally supportive tissue but attach themselvesto other surfaces or plants by a variety of specialized organs which allow
 
a fourfold classification:

(i) Penetrating climbers with roots produced from the whichstem draw 
nutrients from the host surface.
 

(ii) 	 Falling climbers, with epidermal hooks or barbs, which grow upwards
until they fall over under their own weight on other vegetation.
 

(iii) 	 Twining climbers, which curve around a support; 
these 	include
 
climbing bamboos and palms.
 

(iv) 	 Grasping climbers, similar to twining cli,,bers but with specialised
 
tendrils with or without sticky pads.
 

Vines 
are woody tendril climbers including the grape vine but are not
widely important for multiple purposes in the tropics. 
Lianes 	are a group
of tropical and sub-tropical woody climbers, some yielding rubber,

nlkaloids and drugs; they include some 
twining and grasping climbers.
 

Any definition of multipurpose cannot 
be applied entirely to a completely
circumscribed set of 
species. Virtually every species 
of tree or shrub
 
can be 	used for more than one purpose. Even species grown typically forindustrial sawnwood or pulpwood may produce more than one 
output, e.,.
Europe conifers may yield saw timber, 	

in
 
Christmas 
trees 	and decorative


foliage while acting as shelterbelts, although such n mixture of products
is rare and one product (in this case saw timber) 
is dominant over the
others in of
terms volume, 
value and intent. However, the term

2mit ipu e" appears to be used most commonly when a species is
eiiieaetj grown at site and toone time produce more than one productor benefit; these include 
the so-called "minor forest products" such as
fuelwood, extractives, medicines, toothpicks, human food and animal fodder(including flowers bees leaves
for and for silkworms), and service
attributes such as shade, shelter, soil conservation and improvement of
 
soil fertility.
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The term should also &- used to cover species that may be grown for
different purposes on different sites. Thus an accepted timber tree such 
as Grevillea robusta should be considered multipurpose if it is grown in 
different places for shade, mulch, honey, etc. 

Within the category of multipurpose trees there ts a subset of fast
growing nitrogen-fixing trees (FGNFTs or NFTs). These have the ability tofix atmospheric nitrogen in a form that Is usable to the inlividual plant
itself, to the soil (through leaching from roots, leaf fall and deliberate
mulching) and to domestic animals (through fodder). They include many
species in the Leguminosae family, Alnus and Casuarina species. These are

considered multipurpose trees because the nitrogen fixation Is a service
benefit, the foliage is a "minor product" and the wood is used variously 
for timber, poles, fuel, live fencing, etc.
 

Germplasm

According to the Dictionary of Genetics (King, 1972) germplasm is thehereditary material transmitted to offspring through the germ cells.
Essentially it is the fundamental genetic information carried in the DNAof chromosomes and the definition implies that it concerns only sexually
propagated material (j.e. tree seed). However, material that 
is currently

propagated vegetatively contains the same genetic type of information and
this germplaam could be used sexually in a future phase of a breeding 
programme. This Workshop should therefore consider the germplasm of
species that are currently propagated by clonal means or in which
germplasm could be 
 either evnluated or conserved 
 and distributed
 
vegetatively (g. by tissue culture).
 

Genetic resources
 
Two other terms frequently used almost synonymously in this connection are

genetic (or Rene) resources and gene pools, King (1972) defined gene pool
as the total genetic information possessed by the reproductive members of 
a population of sexually reproducing organisms; "pool" could be replacedby "resources" and "population" could be expanded to "species", but for
the purpose of this Workshop the organisms should include not only
currently sexually reproducing individuals but all individuals that maycontribute genetic material to a planting programme through vegetative 
propagation or, 
in the future, through genetic engineering.
 

Social forestry

Jargon words are fashionable words and we must be careful. that they do not
become confused as fashions in subjects and species change (A very rapid
process at present). MPTa and FGNFTs have great potential for meeting
mankind's needs in the new subject areas of rural development forestry
outlined earlier but it is necessary to see them as only part of one or 
more land use systems designed to meet one or more objectives.
 

The terminology for systems and objectives has become confused 
to the
extent that agroforestry (a group of systems) is commonly equated with
 
social forestry (a group of objectivea). These were discussed mre fully

by Burley and Wood (1983) and the definitions of terms associated with 
social forestry are given in Appendix 7.
 

The important point to re-emphasise is that 1PTs are not a system of land use nor are they the magic solution to all problems. They may be 



important components of systems and solutions but their optimum use 
requires painstaking, site-specific, species-upecif ic research into the 
exploration, evaluation, conservation and distribution of their genetic 
resources. 

THE PROBLEM OF NUMBERS OF SPECIES 
The many roles of trees and forests (Appendix 4), the range of countries 
and their priorities for lands to be reforested (Appendix 6), and the
 
number of objectives and systems for managing trees and forests (Appendix 
7) automatically imply that a large number of species are of interest. No 
single species can grow on all sites, tolerate all types of management, 
nor yield all types of products and services. Nearly every local or
 
regional flora and the extensive ethnobotanical and ethnomedical liter
ature cites the diverse uses of trees end shrubs. Several major
 
compilations of the performance of exotic forest trees incude species that
 
have mltiple uses (e.&. Streets, 1962, for all countries of the
 
Commonwealth; Kriek, 1970, for Uganda).
 

A large number of organizations and individuvals maintain or have published
 
systematic lists of plants, mainly trees, for a wide variety of site
 
conditions and uses in the tropics and sub-tropics. It is anticipated that
 
sources of additional lists will be identified during the Workshop but
 
those cited in Table I and detailed in Appendix 8 indicate the types of
 
published coverage available. They range from selection of trees for
 
multiple purposes and various sites in one country (e.g. Appendix 8a,
 
Bauer, 1982, Honduras; Camachc, 1981, Costa Rica; Nepal, FAO/IBRD, 1978),
 
one region (e.&. Appendix 8b, Koivisto, 1979, Asia-Pacific), one
 
vegetation type (e.g. Appendix 8c, Laurie, 1974, African savannahs), one
 
altitudinal site type (.. Appendix 8d, Fenton et al., 1977, lowland
 
tropical hardwoods), one soil/climatic type/phytogeographical zone (..
 
Appendix 8e, Adams et al., 1978, Saharo-Sindian, Sudano-Deccanean and
 
saline soils; Appendix 8f, FAO/IBPGR, 1980, species for comparative trials
 
in arid and semi-arid lands in Latin America, Africa, India and Southwest
 
Asia; Appendix 8g, Delwa,,lle, 1979, and von Maydell, 1981, for the Sahel;
 
Appendix 8h, Goor and Barney, 1976, for arid zones), and one land use
 
system (e. . Appendix 81, Brewbaker et al., 1981; Vergara, 1982; tropical
 
legumes in agroforestry).
 

In addition global "lublications classifying species by various climatic
 
types were provided for firewood crops (Appendix 8j, Burley, 1980; NAS,
 
1980), multiple purposes (Appendix 8k, Webb et al., 1979) and energy
 
biomass (Lavoie, 1981).
 

Many countries have lists of multipurpose species that are not published
 
but that are available through personal communication (e.&. Malawi,
 
Edwards, pers. comm. and Kenya, Owino, 1983, and Barrow, pers. comm.;
 
Appendix 81), while in 1982 the NAS distributed widely a mimeographed list
 
of species suitable for the Sahel and analogous drylands elsewhere
 
(Appendix 8m). The special case of bamboos was considered at an
 
IDRC/IUFRO meeting (Lessard and Chouinard, 1980, Appendix 8n) the bamboos
 
of Nepal were described by Stapleton (1982) and their multiple uses in
 
India by Varmosh and Pant (1981). Palms, a group not widely familiar to
 
foresters, are considered by Johnson (1983) in a supporting paper, for
 
this Workshop. The subject of climbing palms (rattans) was considered by
 
IDRC (1979). Many of the 34 introduced woody species recommended
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specifically for browse -in north Africa 
(Le Houfrou, 1980) may also havepotential for other uses (see Appendix 8o) and soeof the _many indigenous
species in 21 famildes inheSahel ,.Hou6rou. 19 79 ) e plantable.
The special case of trees for food and fodder production was considered byOkafor (1980) for Nigeria and Kessler (1981) for Nepal  see Appendix 8r and globally by Skerman (1977). chemical
TVe composition and nutrient 
values for tree fodders were discussed by Douglas (1972). 

Not all of these species are necessarily suitable for multiple purposes asdefined above notand all of them have necessarily been proven to besuitable for planting in the locations suggested in Appendix 8r, norindeed suitable for artificial regeneration in any form. Nevertheless thelists indicate the extremely large number of species for geneticwhich resources may be required. The wost staggering number within a singletaxonomic group occurs in the Leguminosae for which the US Department ofAgriculture maintains a computerised data base on 1000 species" (Halliday
and Nakao, 1982, Appendix 8p); of these some were
36 selected as
economicall7 important nitrogen-fixin& trees, including seven nonleguminous species and list some 50 chosen asa of were a second priority(Brewbaker and Styles, 1982) - see Appendix 8q. A similar data base for3000 plants (not only woods) is currently being computerised at the RoyalBotanic Gardens, Kew, as part of the SEPASAT project (Survey of EconomicPlants for Arid and Semi-Arid Tropics) - SEPASAT (1982).
 

INFORMATION COLLECTION, STORAGE AND EXCHANGE 

Types of information required

The lists of species given in Appendix 8 illustrate the general problem of
using multipurpose 
trees, namely the great number of species that have
potential application for planting in one or more environments, by one ormore systems and for several purposes. The lists do not 
exhaust
possibilities since they are 

the
 
compiled maiily from the personal knowledge,
experience or judgement of one or several specialists on the basis of lessthan global reviews. Nevertheless the great number of species in Appendix
8 (nearly 2000) together with the nationa.l or topical lists held by manynational Forestry Departments and international support agencies


institutions imply that sufficient species for 
and 

exist choosing some for
 
almost any plantation objective and location.
 

The specific problems relate to methods of deciding appropriate species to
test, determining apropriate methods 
of exploration and evaluation, and
locating suitable sources of germplasm whem the optimum species
population are known. The first two of these 
and 

are described in the CFIManual on Species and Provenance Research (Burley 1976),and Wood, which was prepared primarily for industrial plantation speeies; the special
problems of multipurpose trees 
are 
considered in the ICRAF/CF!4NAS Manualfor the Evaluation of Multipurpose Trees currently in preparation. Manyof the constraints are described in subsequent sections of this document. 

(1) Personal communication, Dr J. A. Duke, Economic Botany Laboratory,
USDA, Beltsville, Maryland, USA.
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CAB's ABSTRACTS database is available onliqie .through -various hostsincluding Lockheed DIALOG (California, USA), ESA-IRS (European SpaceAgency - Information Retrieval Service, Italy) and tDINDI (DeutschesInstitut fir Medizinische Dokumentation und Information, •Vermany).
Individuals or organizations requiring information on a specific topic canrequest CAB searches on payment of costs or, preferably, can'perform theirown searches if they have an appropriate telephone line and terminal 
_equipment.
 

The CAB ABSTRACTS computericed database covers g!obal literature for thelaot ten years and is searched automatically by user's choice of key 
-.sear h words. 

ICRAF is currently preparing an "interactive, user-friendly request
service" for ag-oforestry information (INFO/DOC. ICRAF) which will also be
supported by manual searches, staff 
interviews and correspondence vith
other organizations (ICRAF, 1983; see Appendix 10b).
 

The specialist institutions discussed below, particularly including CATIE,
CFI, CSIRO, CTFT, FAO NFTA
and can supply published and unpublished
information and advice on 
the choice, management and properties of species

that 
are the subjects of their international cooperative programnes.
 

Lists of 
major periodicals, bibliographies 
and general ,referer-:es to
nitrogen fixing trees were prepared at 
the NFTA Bellagio meeting (Duke and
Brewbaker, 1982) and are reproduced in Appendix Ila. 
 Additional
references to 
extend the lists to multipurpose trees are , *ncluded in
 
Appendix lib.
 

However, extreme 
care in phrasing searches is required. and a large
literature exists; 
 Appendix 10a summarises 
the numbers of references
 
located through DIALOG in preparing this document.
 



An attack on these problems requires 
 provision and compilation of
 
information on the natural distribution, variation, taxonomy and breeding

system of each species together with information on the variation 

growth, yield and properties of each species wherever it has 

in
 
been
 

introduced; interpretation 
 of • the latter group in turn requires

information on the natural and artificial 
(management) environment at each

planting location. IT,addition rationalisation of efforts in conservation

and exchange of germplasm requires knowledge of the practical needs for 
seed or propagules of the commonly used species.
 

Table 2 sunnarices the subjects on which information is required on each 
species and the types of institution likely to deal actively with 
the

subjects oz to be aware of information on them.
 

Sources of information
 
Nearly every national forestry department and research institute and many

forestry educational establishments would maintain that they conduct 
 some
research or rianagement of some of the species considered here as multi
purpose trees. The list of nearly 1000 research institutionn in all

member countries of FAO (FAO, 1982) is being supplemented by a question
naire on topics of research related closely to the priorities ideprified
by the World Bank and FAO (1981) and reproduced in Appendix 5 . The

Bean Bag, a newsletter to promote communication among researchers
 
concerned with the systematics of the Leguminosae, published a list of 399
 
members many of whom deal with woody legumes (Gunn, 1982). 

Of more specific reference to multipurpose trees is the list of

institutions studying nitrogen fixing trees prepared at the NFTA Bellagio
meeting (van den Beldt and Huxley, 1982); this lists some 200 institutions

in 67 countries. Major collections of nitrogen fixing tree species are

held in arboreLa in 13 countries and herbaria in 18 countries (Sastra
pradjaradja and Brenan, 1982). Knowledge of 
wood anatomy and properties

of multi-purpose trees may be obtained from the 125 :'laria listed in
 
Stern (1978). All of the institutions listed n'R-tthe three sources
 
discussed in this paragraph plus the 
horticultural institutes 54
in 

countries listed by international Society of Horticultural Science 
(1972)

(and preferably all those identified by FAO) should be approached to
 
enquire about their specific activities and information on multipurpose

trees; however, the-enquiry and the maiitenance of the resultant data base 
would require prodigious efforts. Few of the sources of information
 
referred to above have considered actual germplasm 
 needs (see Greathouse, 
1982). 

Direct approach to individual institutions would of course yield

inforwation on species and techniques but some of the relevant information

is published in rezognized journals and some in 
 less familiar aeries 
("grey literature"). Most of the literature is abstracted by such
services as the Commonwealth Agricultural Bureaux ln the United Kingdom
(see Appendix 9) and the less conventional literature is incorporated in 
FAO's AGRIS Index.
 

(1) Personal communication, 
H. A. Hilmi, Institutions, Education 
and
 
Research Branch, Forestry Department, FAO, Rome, Italy.
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tropical and 6 Mediterranean or sub-tropical species, 
viz. Araucaria
 
angustifolia, A. cunninghamii, 
 A. hunsteinli, .Cedrela odorata,

Eucalyptus camaldulensis, E. microtheca, 
 Gmelina arborea, Pinus 
caribaea, P. kesiya, P. ,merkusii, P. Datula, ocaUa, .

pseudostrobus, Tectona grandis, 
 Pinus halepensis, P. brutia, P.
 
eldarica, Abies cephalonica, Pinus radiata, P. muricats. 


Progress is being made on the exploration, collection and distribution
 
of 
a number of other species and genera, e&. Aucoumea spp.,

Terminalia app., Acacia aneura, A. auriculiformis, A. mngium, Cordia
 
alliodora, Eucalyptus deglupta, 
 E. urophylla, E. Elobulus, E.
 
delegatensis and Cedrela spp., (supplementary collections); plans have
 
also been made for the collection/evaluation of some additional species

such as Pinus strobus var. chiapensis, P. canariensis, Prosopis app.

and Leucaena leucocephala. Through the activities of IUFRO, good

progress has been made in 
the collection, distribution and evaluation
 
of temperate species, expecially North American conifers and Populus

app. Detailed biological studies are being conducted on 
a number of

potentially importkant tropical species, e.g. Agathis app. 
 and
 
Triplochiton app.'
 

EXISTING INTERNATIONAL COOPERATIVE PROGRAMMES
 
Although some of these species clearly 
 have potential as multipurpose
trees, there appear to be currently only four major international
 
collaborative programmes 
 with MPTs (although many institutions have

bilateral and bi-im.tilateral arrangements for the exchange of germplasm, 
e.g. CSIRO, Australia, 
for tV) provision of seed of Australian species,
and Texas A and I University for seed of American Prosopis species. 

FAO
 
The FAO/IBPGR project on genetic resources of arboreal fuelwood species
for the improvement of rural living (FAO, 1980,1981c) deals primarily with

fuelwood, but many of 
the species will have other uses including fodder,

fruits, poles, nitroger. fixation and soil stabilization. The collections
 
planned and completed are shown in Table 3; the natural ranges of the
 
species are detailed in Appendix 8f.
 

Although centrally coordinated by FAO, with recommended standardised 
procedures, collectfon of the seed nd herbarium material is arranged by
each host country, seed is .stored at the Danish Tree Seed Centre, and 
taxonomic research is contracted to specialist istitutions.
 

NFTA
 
The Nitrogen Fixing Tree Association, Hawaii, (which was mainly

responsible for the Bellaglo meeting 
referred to frequantly above) Is a
 
non-profit, publicly supported corporation with nearly 1000 members eachof whom pay a small annual subscription. Its purpose is to encourage
international research and development, communication, and utilization of
nitrogen fixing trees to provide improved fuel, fertilizer, forage, food,
fibre, forests and other benefits. Inter alia it publishes research
 
reports (e.&. Leucaena Research Reports, Nitrogen Fixing Tree Research
 

(1) Personal communication, Dr P. Felker, 
 Cesar Kleberg Wildlife

Research Institute, Texas A and I University, Campus Box 218, Kingsville,
 
Texas, USA.
 



SYSTEMATIC MULTIPURPOSE TREE RESEARCH PROGRAMMES
 

DESIRABILITY OF CENTRAL COORDINATION
 
The optimum choice and use of species and population for a given site andobjective requires research and development through a range of stagesdiscussed above and 
implied In Table 2 (and detailed in Burley and Wood,1976). 
 Not all individual countries or institutions have the capacity 
to
carry out all the 
stages, particularly 
those involving exploration,
collection and taxonomy 
of germplasm in foreign countries. It would
indeed be inefficient and wasteful of 
resources 
if all countries wishing
to growi a particular specier (the 
recipient countries) mounted their 
own
collecting expeditions and 
it could place an unacceptable burden on thehost (germplasm donor) country's organization and forests. "Collection bycorrespondence" is toa poor way 
 assemble well documented collections but,
if it is necessary, considerable lead time is required - see the Annex by
Turnbull to this Workshop. 

Clearly one collection by experienced 
staff on behalf of all potential
planting countries would 
reduce these pioblems. Further a 
centrally
coordinated programme could 
(i) collect samples 
and data or undertake
research on 
topics of common interest (.. environmental data in the site
of origin; laboratory or environmental herbarium studies for taxcnomic and
genetic purposes), (ii) distribute 
 seed of different origins with
experimental designs 
that permit compari-3on of performance or propertiesover all recipient countries, (iii) recommend uniform assessment methods
for comparative trials, (iv) assist with national analyses 
if required and
perform combined analysis over all sites to estimate species/provenance
stability or genotype-environment interaction, (v) compile manuals andmonographs or. individual taxa based on global results of suchcollaborative trials, and 
(vi) give advice on 
the place of ouch introduced
 
trial material in breeding programmes.
 

The value of such central support by specialist institutions was proposedby Burley and Kemp (1972, 1973) and Kemp et Al. (1972). It has beenrecognised by FAO's Panel of Experts on Forest Gene Resources, which hasrecommended FAO to support various national institutions in their effortsto explore and conserve species of international interest. (See FAO,1977' for the report of the fourth Panel meeting; the recommendations areshown here in Appendix 12.) 
 Some of these institutions only collect anddistribute seed while others provide taxonomic services 
and offer design,
assessment, analysis and 
 interpretation of comparative evaluation
 
experiments.
 

Among the former is CSIRO and among the latter is CFI which originallyconcentrated on industrial plantation species but which is now beginningto include multipurpose trees for a range 
of tropical and sub-tropical
site types. Lists of species and sources collected by these and other
institutions have been given in issues 1 - 11 of PAO's Forest Genetic
Resources information (PAO, 1973-82); 
a summary of progress in the global
programme for improved 
use of forest genetic resources (FAD, 1974) uas
given by Palmberg (1981):

"Based on 
the priority lists drawn up by the FAO Panel, exploration and
collection 
followed by the establishment 
of centrally coordinated

international provenance 
trials have 
to date been accomplished' for 14
 

-I 



Reports), sponsors workshop and seminars, and assembles, increases anddisseminates germplasm. Under the stimulus of Professor J. L. Brewbaker,

an agricultural geneticist, NFTA has made great progress in the selective
breeding and testing of Leucaena but attention is also paid to other woody
legumes through comparative trials of the species listed in Appendix 81.
 

NFTA is closely associated with NiFrAL (Nitrogen Fixation by Tropical

Agricultural Legumes), 
 a team of University 
 of Hawaii scientists
contracted by USAID with the 
goal of increasing agricultural productivity

throughout the tropics by pronoting wore effective use of 
the symbiosis
between 
legumes and rhlzobia in production systems; NiFTAL conducts an
international network of 
legume inoculation trials and maintains a large

library with a ccpying service.
 

NFTA 	is also associated with the Economic Botany Laboratory of the USDA
which, inter alia, maintains computer-based data banks and bibliographies
 
on the ecological amplitude, 
uses 	and literature of legumes (see e. .
Appendix 8p and Oakes, 1982). 
 The future of this laboratory is currently

under discussion; although it was 
 established in support 
 of US

agriculuture, it 
has great value to other countries and its data bases 
should be maintained and extended. 

CFI
 
The Commonwealth Forestry Institute, Oxford, has 20 yeare of experience in

the exploration, conservation and evaluation 
of industrial plantation

species, particularly tropical pines (CFI, 1980). 
 Recently it has added 
a
project for arid zone species 
mainly from Central America, including

Acacia 
 caven, A. deamlni, A. pennatula, Atelia herbert-mithii,
Caesalpinia velutinu, 
Calliandra calothyrsus, Crescentia alata, Diphysa

rohinioides, Gllricidia sepium, Guazums ulmifolia, Leucaena leucocephela,

Leucaena shannoni, Senna atomaria (syn. Cassia emarginata), Parkinsonia 
aculeata, Pithecellobium 
dulce, Prosopis juliflora, Schinus molle and
Swietenia humilis. These are being created in the same way as the
industrial 
species with collection of detailed site data 
at each seed
tiource, central taxonomic evaluation, provision of 
seed lots with designs

and recommended asaessment!:, 
the offer of assistance with analysis and

interpretation, and 
the maintenance of a computerised bank for data and
 
bibliography.
 

NAS
 
The National Academy of Sciences supports 
research and development of
 
multipurpose trees in two ways:

(i) 	 Firstly, through 
 its Research Grants programme, NAS is
 
assisting some 
 11 "grantee" institutions in trials of 
leguminous woody species and assessment of their nitrogen

fixation capacity. The institutions and project titles are
 
shown in Appendix 13.
 

(ii) 	 Secondly, NAS has sponsored trials of many species (Appendix

8m) in several countries of the Sahel region. 
 One of the
 
problemo is the lack of guaranteed life of the field trials;
 
another is the lack of planned centralised evaluation.
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IUFRO
The International Union of Forestry Research Organizations is the world'sforum for researchers in forestry and forestry products. Its membersresearch institutions (approximately 400 

are 
in 93 countries) which 
pay a
small annual fee for each working scientist. Each institution
IUFRO forcopies of News each of the staff for which subscriptions 

receives 
are

paid (approximately 8000).
 

IUFRO activities 
are grouped into six Divisions (each led by a Coordinator and one or two Deputy Co-ordinators), within each of which there
is a hierarchy of Subject Groups (Leader and Deputy Leaders) and WorkingParties (Chairman and Co-chairmen). These Working Parties10-300 members all concerned may have from 
divisional 

with a common problem or programme. Inter-Project Groups (Leader and Deputy Leaders) as well as interdivisional meetings provide interactions between major disciplines.
 

The business and organization of

Congress and managed between 

IUFRO is conducted at the quinquennial
Congresses by Executivean Board (some 25Divisional Co-ordinators, Deputy Co-ordinators and Reglonai Representatives) governed by an International Council (made up of a representativefrom each country that has more than one member institution, and meetingduring the Congress).
 

Until 1972 
 there were no research groups dealing
tropical problems specifically -Athand prior to that date there had been only one to twomeetings outside Europe and North America. 
Since then, however, there has
been an increased 
awareness of the need to incorporate members from
developing countries 

arranging 

in the operations of IUFRO and of the desirability of
meetings in the developing countries This
themselves.
culminated in the passing of a special resolution at the last IUFROCongress following discussion of the 
review of research needs presented by
World Bank and FAO (1981).
 

A complete breakdown of IUFRO's structure and officials was given in IUFRONews No. 36 (IUFRO, 1982). 
 The research units most 
 relevant
multipurpose trees are 
to
 

listed in Appendix 14. 

IUFRO does have.not funds (other than the small annual membershipwhich covers the cost of printing and mailing the 
fee 

regular News);relevance to forestry research its
and development problems depends the
enthusiasm and activities on


of its individual scientists and the financialsupport they receive from their home institutions. Nevertheless IUFRO has
been highly effective 
in solving problems through coordinated research,
publishing manuals and monographs on selected topics or species,zing training courses, organand keeping scientist aware of global problems andprogress through meetings and the publication of their proceedings.
 

An attempt is currently being bymade World Bank and to aUNDP fundspecial 
technical coordinator within IUFRO to
activities in support of 
increase IUFRO's programme
forestry research 
in developing countries. 
 The
announcement of this position Is shown in Appendix 15. The position willbe for two years in the first instance as an exploratory period and thereafter, if provesit successful, additional fundingsought and donors willtogether with bemeans of generating funds 
internally within 
IUFRO
 

itself. 



GERMPLASM ACQUISITION. EVALUATION AND STORAGE
 

SPECIAL CHARCTERISTICS OF MULTIPURPOSE TREE GERMPLASM
The various sources of iiformation listed in Table I referred to 2000species (shown in Appendix 8) in nearly 100 genera and many 
families. It
is thus impossible to generalise to the same extent as is possible, withincreasing 
degrees of relevance or precision, for various subsets
industrial plantation of
species (e.g. conifers/pines/tropical 
pines or
eucalypts/tropical eucalypts/arid zone eucalypts). 
Multipurpose trees may
be found for a wide 
range of 
uses on a global range of 
sites. (Although
the bulk 
of this document is concerned with 
tropical and subtropical
species mainly for developing countries, 
it should not be forgotten that
some species have multiple uses in temperate regions 
and that their
development may be 
subject to 
the same constraints.)
 

Clearly 
the first characteristic 
of MPTs as a is
group their interspecific variability 
not only in terms of taxonomy but in terms of the
information known 
about them. are
Some extremely thoroughly researched
from their distribution, taxonomic, genetic, 
breeding and managerial
aspects (e.&. Leucaena leucocephala; see NAS, 
1977; Brewbaker 1982, 1983).
Others are virtually unknown from any of 
these viewpoints (including many
species in Appendix 8 which may have been listed by an individual worker on the basis 
of casual observation 
of use in 
natural habitats or of
 
performance in a small introduction plot).
 

In developing strategies for the improved use of multipurpose trees (seelast chapter of this document) it will be difficult to identify researchtopics that 
are common to all species or 
even to a large number of species
and it will be 
equally difficult 
to rank species in 
order of priority for
attention 
in different countries 
or on varied site types. 
 Excellent
starting points for the 
latter are of course the "A" and 
"B" lists of the
Bellagio meeting (nee Appendix 8q) and 
the FAO/IBPGR set (Appendix 8f).
 

ISSUES IN TAXONOMY AND GENETICS 
For many species the taxonomy and nomenclature are not in doubt. Forothers, particularly the larger groups (e.A. eucalypts 
and legumes), close
phenotypic similarities among species, variation between trees 
and between
populations within 
species, hybridization 
between species, lack of knowledge of the 
plasticit'y of 
some characters, 
and uncertain records of
origin of plantations make identification, classification and nomenclature
 
difficult.
 

The following extract from 
FAO (1979) summarises 
the 
current taxonomic
 
situation for eucalypts:

"For many decades there was discussion about the ability of eucalyptsto hybridize and whether certain names 
referred to stable species or
to hybrids. 
 Some taxa were regarded as hybrids by 
field collectors,

yet named 
as stable species by responsible botanists; 
at other times
botanists were reluctant to recognize 
populations which 
appeared
distinct 
in the field. Some 
of the difficulty 
was caused by clinal
variation, 
where a species population gradually varied from one
district to another or from one 
altitude to another. 
 In any one place
the population seemed 
to be stable. 
 This caused some confusion 
in
nomenclature. 
 Moreover, 
there was uncertainty whether 
some eucalypt
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taxa should be given specific or subspecific rank.
 

Great help in resolving the relationships of taxa and the question of
 
actual or 
potential hybrids has been given by several scientists who
 
have experimentally manipulated crossings between eucalypt species and
 
have demonstrated, by sorting out progeny, that certain suspect

species were, in fact, of hybrid origin. 
 This work has shown which
 
eucalypts are likely to hybridize and those between which
 
hybridization is apparently impossible. 
 The work has demonstrated
 
that the potential for hybridization in the genus is enormous. The
 
reason that hybridization is not more 
prevalent in Australia is that
 
species between which hybridization is likely to take place are
 
separated by considerable distances in a large continent or by
 
different flowering times. Particularly since the Second World War,
 
many countries of the middle and lower latitudes of the world have
 
planted a variety of Australian eucalypts from widely separated

localities of natural occurrence within close range of each other. 
It
 

hybridization, and 


has become apparent that significant crossing of species is taking 
place. 

Based on extensive research work on ability to manipulate 
a vast amount of field work throughout the
 

Australian continent and adjacent islands, Pryor and Johnson (1971)

published a classification of eucalypts in which the genus Eucalyptus

of L'IRritier and the closely related 
genus Angophora of Cau are
 
combined. The classification divides the genus Eucalyptus into seven
 
subgenera with sections, subseries, superspecies, species and
 
subspecies."
 

The subgenera and sections in the Pryor and Johnson Classification and
 
the number of 
taxa in each section are as follows:-


Subgenus 	 Code Section Section code Number of
 
letter letters taxa
 

Blakella 	 B Lemuria 
 BA 10
 
Corymbia C Rufaria CA 
 30
 

Ochraria CC 9
 
Eudesmia E Quadraria RA 12
 

Apicaria EF 5 
Gaubaea G Curtisaria GA 2 
Idiogenes I Gympiaria IA I 
Monocalyptus M Renantheria MA 106
 
Symphyomyrtus S Equatoria SB 3
 

Tingleria SD 1
 
Transversaria SE 
 17
 
Bisectaria 
 SI 104
 
Dumaria SL 
 36
 
Exsertaria SN 
 36
 
Maidenaria SP 
 68
 
Umbrawarria SQ I
 
Howittaria SS 
 1
 
Adnataria SU 
 79
 
Sebaria Sw 
 1
 



An analogous summary for the legumes may be taken from Allen and Allen 
(1981) :

V'The enormous plant family Leguminosae, with 
 a worldwidedistribution, has 
a currently estimated 16,000 to 19,000 species inabout 750 genera. In 
economic importance it is second only to the
grasses, Gramilneae; in 
 size, 
 only to the Orchidaceae and the

Compositae. 
TFxonomists conventionally have divided the family into
three clearly distinct subfamilies, Mimoboideae, 
Caesalpinioideae,

and Papilionoideae; division 
 has been baed mainly on floral
differences, 
a concept adhered to 
 in the generic synopses in thepresent volume. Although some recent taxonomic restructuring hasaccorded full family status to each of the three subdivisions, asMimosaceae, Caesalpiniaceae, and Fabaceae in Order Leguminales, thisis a matter of choice, for, whatever their rank, the. distinctionsbetween the three basic groups are clear and universally accepted.
The current trend for the 
elevation of subtribes 
to full tribalstatus has 
served to improve the demarcation of previously ill
defined or controversial genera."
 

Among the most widely useful woody legumei genera, Acacia and Zrosop-sconfusion exists 
in several tropical species with 
invalid subspecific and
varietal epithets (but see Burkhart, 1976; Duke, 1981; Creaves 
1978, 1979;
Polhill and Raven, 1981). 
 Sometimes the saw-
species is called 
by two
different 
names in different countries, 
e... Aiacia tortilis in India 
is
A. raddiana 
in israel (FAO, 1980; hopefully the FAO/IBPGR project
provide adequate material for clarification of 
will
 

some of these issues). 

Even for 
groups in which classical taxonomy at the 
specific level is not
in doubt, 
 for the vast majority 
of potentially multipurpose trees,
information on their 
intra-specific variability 
is lacking. Range-wide
collection or study of 
herbarium specimens has not been undertaken and
taxonomists have tended to ignore 
 the variation seen 
in introduced,

planted materials. 
 To some extent 
thcu&a may be attributed to lack of
trained taxonomists, lack of 
resources for expeditions and herbarium work,
and lack of appreciation by 
 foresters and agriculturists of the
implications of Intra-specific variation 
and the need for unequivocal
Identificetion 
 (for germplasm collection, evaluation, management

future breeding). I and
 

For both the taxonomist and 
the geneticist an important issue is
natural breeding system of the species. For common 
the
 

industrial species
such as pines and eucalypts it has 
often been assumed that outcrossing is
the rule yet recent evidence indicates that selfing may occur at 
rates up
to 10%. In eucalypts outbreeding is favoured 
by mechanisms operating at
two different developmental stages, 
 reducing the degrees of selfpollination and self-fertilization, but selfing does 
occur (FAO, 1979).
 

Most tropical trees including legumes appear to be 
cross-fertilized; among
43 species of nitrogen fixing trees identified as economically important,
only Leucaena leucocephala was found to 
 be highly self-fertilized
(Brewbaker, 1982; Brewbaker and Styles, 1982); 
it is polyploid and hybridises

with several other species, although this often yields sterile hybrids 
(NAS,
1977; Brewbaker, 1982). 
 There are indications that at 
least some species
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of Acacia do p 
 considerable quantities of seed by self-pollination, e.&.
 
A. dealbata k For many other families information is lacking n the 
complete breeding aystem (see Burley and Styles, 1976) or pollination 
vectors (see Regal, 1982). Without such knowledge optimal sampling can 
not be planned for either genetic conse,-vaion or avaluation and breeding. 

PROBLEMS IN EX-L ORATION AND COLLECTION
 
The practical, administrative ond political problems of seed collection 
were describied by Kemp (1976); these apply equally to industrial species 
and mltipurpose trees. Issues that are particularly relevant to the 
latter, especially tropical hardwoods, include the following:-

Distribution
 
There is often a serious lack 
of information on the distribution and
 
extent of geographic distinction between populations within 
the natural
 
range. This obviously adds to the time and cost of field exploration and
 
necessitates prior searches 
for maps, prior correspondence with local
 
professional staff, 
and field discussions with rural populations. For
 
studies of indigenous species a Forest Service should encourage its 
staff
 
to observe and record the locations of species. The problem of
 
exploration of exotic stands is considered below under "Sampling".
 

Phenology
 
Expeditions 
for collection clearly need prior information on the seasonal
 
periodicity and the annual fluctuations in flowering and seed production 
and in leaf phenology (for taxonomic collections). Again local staff may

help but they may eriperience the problems of taxonomy and nomenclature 
discussed above.
 

Timing of seed collection
 
It is preferable to collect only 
in a year of abundant seed production
since this 
offers much greater freedom of action in the choice of stands
 
and trees, as well as the possibility of obtaining more seed for a given
 
cost. Crop assessments made a few months before harvest, by reliable and
 
experienced observers, are useful and can be progressively improved in
 
accuracy 
 if they are later compared with the actual quantities of Peed 
obtained. Visual assessments from the ground can be very imprecise and it 
is often preferable. to climb one tree in a group and make an estimate 
based on each climbed tree and its immediate rnighbours. By this means 
specimens can also be collected that will help to determine the stage of 
development of the crop and thus the timing of the collection.
 

When attempting to collect provenance samples over a wide range the total 
time allowed by the length of the fruiting season can be a severe 
constraint. Determination of the most appropriate sequence of collecting 
sites, to take advantage both of differences in fruiting time and also the
 
available means of transport between 
sites, can be a complex problem.
 
Adverse climatic conditions may greatly alter the time needed at a given

site, by hampering travel, collection and seed extraction. The preparation
 
of alternative plans to cover such contingencies is particularly important
 

(1) Personal communication, 
Miss J. Kenrick, M.Sc. student, School of
 
Botany, University of Melbourne, Australia, including extracts from thesis
 
shown in Appendix 16.
 

)( 



whcn synchronization of work between separate collection teams is needed.
 
All parties should know in advanrce what alternative programme will be 
ad:r;)ted if the timing of the preferred programe cannot be followed. 

Sampling 
If the resources and information available are too restricted to permit 
complete range-wide collection in one year, there are advantages in 
collecting from widely scattered points across the entire range in the 
first year, thus gathering much additional information needed for more 
detailed sampling later. Such a procedure may reveal some populations in 
danger of extinction or severe genetic impoverishment which can then be 
given priority for in situ conservation or for collection of reproductive
material. Repeated sampling of any stand in two or more years is
 
6esirable to ensure a greater number of parents coniribute to seed
 
production and genetic representation.
 

Methods for the sampling of stands and trees were described by Kemp 
(1976). The pattern of stand sampling, whether systematic or random or 
stratified random, depends on the continuity or discontinuity of the 
distribution of the species, the evolutionary migretion pathway of the 
species and the location of communication systems (roads, rivers, 
airstrips, etc.) Many tropical species are found only as single trees 
widely separated from the nearest breeding specimen of the same species, 
and they may be self-pollinating, in which case there is no "stand" to be 
considered and the seeds may be kept separately by or merged bytrees 

sites depending on the objectives.
 

For both evaluation and conservation it is desirable to capture as much as
 
possible of the potentially valuable genetic variation within a
 
population. For most natural origins there is no estimate of population 
genetic variance and therefore large numbers of parerts should be sampled 
for security. The general IBPGR recommendations for conservation 
collections (Hawkes, 1980) state that seeds from 50-100 individuals should 
be bulked to represent a population and, for oatcrossing, heterozygous 
species, thia procedure adequately safeguards against loss of alleles (see 
Burley mid Namkoong, 1980). For evaluation, however, it is preferable to 
keep parental ident1ties separate so that replicated field trials provide 
information on variance within as well as between populations.
 

Derived provenances
 
The evaluation of the genetic variability of a species is normally

concerned mainly with collections made in the natural range, taking 
account of environmental variabil..ty and human interference witain the 
range. This interference, whether eugenic or dysgenic, may move the 
population genotype away from what would be the result of purely natural 
selection. In some cases, where trees are planted on farms within the 
natural range, a low level of selection may occur leading towards the 
development of local land races. 

Where the species has been planted outside its natural range as an exotic ,

local selection by nature and by man in the new site is inevitable, again 
changing the population genotype. Such populations are derived provenances 
(as opposed to natural provenances or origins - see Jones and Burley,
 



1973, shown in Appendix 17), and should be 
sampled for evaluat.ion, adding
to the sampling costs. Determining the location and genetic history ofsuch populations 
is difficult particularly when
not kept and when so 
seed source records aremany haphazard introductions and seed movementsmade are(see the two Annexes to this document on the activities ofgovernmental organizations by and 

non-
Buck Greathouse). 

PROBLEMS IN E"ALUATIONEvaluation normally 
comparative 

refers to the design, analysis and interpretation oftrials of different seed sources (species and provenances) butit also includes the taxonomic and ecological studies of
discussed al:ove. the natural rangeCertainly the locational and ecological features theofnatural sources 
are used to interpret variation observed in field trials
under exotic conditions. 

Appropriate sequences, 
designs and analyses for species
trials were and provenancedescribed by Burley and Wood (1976) largely for industrialplantation species. Some experimental approaches to studying multipurpose
trees are de3cribed in the TCR.AF/NAS/CFI manual now in preparation. Theseinclude apprciisal of existing data, evaluation of ecological situations
where existing stands 
single 

of mature species are immediately available, studytrees introduced
of into agricultural systems, and
experiments; these formalexperiments inczlude species elimination trials, fieldtrials of nt!rvivsl and vigour, performance and management trials, and,eventually, experiments with agroforestry system. 

Deign

For many of the wiltipurpose trees considered 
 here theredesign problems. The first is the lack of 

are three major
information on variationbetween and within population's

information is recessary 
and, often, sites. Technically this 

practice 
to obtain optimum precision and efficiency. Inrobust designs such as randomised complete blocks usedare withlarge plots (,many trees per plot).
 

Secondly a given experiment may include 

which more complex designs 

many species or provenances in
 
required precision but 

such as lattices may be desirable to 
obtain
these are undesirable because of 
their complexity
in layout, management and analysis. A 
centralised project with
experienced staff 
abd adequate statistical and computing support 
may be
able to de.il witO' such designs wtereas an individual research workerrural situation mqy in anot. By cocrdinAting the design and analysis alarge number of exnerir-nt. centralispd agency may also 
of 

a

I. -t-ition o- tho obtain
exten 
 and sources of genotype - environmentInteraction (see Barnes at al., 1982).
 

Thirdly, 
when many germplasm sources
different are involved, they may be at
stages of information and genetc development haveor differentbreeding syste-is and hence variarce, e.&. or
Leucaena jeucote hala may 

one two bred varieties of
be compared bulked, wild type collections
of other species not previously 

with 
tested, or different amounts oflimit the degrce of replication of some 

seed may
lots. 
 In these cases the
augmented designs described by Federer and Raghavarao (1975) and Brewbaker
 

(1978) may be useful.
 



Assessment
 
The principal problem in assessing multipurpose trees is implicit 
 in their 
name. If they are for multiple uses, multiple characters have to beassessed. Many of these are not 
familiar to foresters (e... foliage orfruit yield, nitrogen fixing capacity) nor to agriculturists (.,&. woody
biomass, fuelwood or charcoal yield and properties). Methods of sampling,

measurement (laboratory or 
field) and analysis still have to developed for
 some traits. 
 An extensive list of characters to be assessed is included

in the ICRAF/NAS/CFI manual in preparation, including characters of the 
environment 
as well as the plant.
 

Apart from the simple problems of time, cost and skill in assessing
mltiple characters, a maa or problem is 
their compilation into an overall
index reflecting the gross economic value of 
each seed source for each
 
site.
 

Management

One of the dangers of publishing lists of species such As those shown in
Appendix 8 is that many of 
the countries or organizations interested in
testing them may have no experience of actually growing them. 
 Seed
 
treatments, nursery techniques including 
 mycorrhizal or rhizobial
inoculation and field management may 
be either completely unknown or

different between the different seed sources 
in the given experiment.
 

Although a central coordinator can provide general advice, 
local techniques should ideally 
 be developed before comparative trials are
established. 
 Yet because of current pressing needs and enthusiasm manyspecies trials are proceeding before sufficient issilvicultural research
completed with the result that species may fail not because of inherent
unsuitability for a given site but because of inappropriate treat rj!3 t ormanagerial problems (e.. some of the sites in the NAS Sahel trials ). 

THE PROBLEM OF WEEDINESS
 
Two problems 
 often arise with species that are introduced as a result of
current fashion or enthusiasm (the "new" or "marvel" tree that 
 is intended
to solve all our problems); one is simply that the species do not live upto expectations 
through incorrect 
choice of species and provenance or
 
through poor management.
 

Me second problem is the highly successful adaptation 
of an exotic
species to its new environment to the extent that it flowers profusely and 
regenerates abundantly, 
spreading as a weed 
to areas where it 
is not
required (agricultural fields, pastures, etc.) Well 
known examples

include Oruntia 
in Australia (for which biological control has been
developed); Robinia pseudoaecacia, Ailanthus altissima and 
some eucalypts

in the eastern Mediterranean (Greece 
 and Turkey, often spreading

vegetatively); Ficus and Melaleuca in Florida, USA; Acacia in South Africa

and Queensland; Lantana 
in Africa, Australia and 
Hawaii; Prosopis inIndia, Pakistan and USA; Leucaena leucocephala is being closely watched inthe Philippines. The cases for and against biological control of Acaciaspecies in South Africa by seed destroying insects from Australaia were 
presented by Lckhoff (1977) and Stubbings (1977).
 

(1) Personal communication, JA Gritzner, DOSTID, NAS, Washington DC, USA 
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SEED SOURCE RELIABILITYThe various types of seed sources (naturaldiscussed above and derivedand in provenances)Appendix wereit 17. Itis quite another to guarantee 
is one thing to classify sources;meaningful their authenticity.the results Furtherof a comparative to befeatures study mistof the environment be seen In the light

trial. of the germplasm sources of
It is therefore included in theinadequate to name only species or countryorigin ofin seed supplies.
 

The control 
 and recording of seed origingermplas certification" are discussed below
origin (see also Appendix 17) 

under "source 
are needed for but far more dataevaluation on iieedmovement* experiments thanSuch detailed for routine germplasminformation 
 is usually 
 collected
coordinators of mjor international by the
programmes
of seed sources (see e.A. theof P. caribaea sad P. 2 ca!a used in 

escriptions 
Greaves, 1978, 1979). 

the CFI programme -

Few tropical 
countries 
follyor
below and virtually the seed certification no system
commercial discussed
seed
sufficient supplier
information worldwide 
can provide
on the 
 sou.rce 
 environments 
 to
interpretption of trials. 
facilitate
 

PROBLEMS IN GENETIC CONSERVATION
 
Needs for conservation
The needs to conserve natural resources,future generations, both for current use andAnon., 

are now widely appreciated for
1981) ckholm, 1978;
and serious attempts HAS, 1978;
are
national Governments and 
being made byinternational organizatin,

samples agenciesof natural ecosystems. to conserve representative
Some
established 900 reserveswithin the UNESCO have already beenMAB (HanUNESCO (1973). and the BiosphereStrategies programme)for in - seeeitu conservation of forestresources were considered by FAO/iEp (1981). 

genetic 

At the other end of 
the spectrum considerable efforts are
conserve individual being madeplant toextinction (see 
and animal species that are 

1981; 
Prance and Elias, 1976; Lucas 

in danger ofSynge and Townsend, 1981). 
and Synge, 1981; Pryor,Conservation of Nature and Natural Resources (1UCN) has a Threatend Plants
 

The International 
Union 
for the

Committee L.xich maintains the Red Data Book (see IUCN
1981). et al., 1978; Synge, 

Neither 
of these activities, 
however, fully
which is takes action 
at the level
safeguarding the 

most Important for both industrial and multipurpose trees, namely
resources 
of threatened 
populations 
within
the maintenance species andof derived provenancesof need has and local landlong been races.International recognized This levelAgricultural for agriculturalResearch cropsmaintain Institutes within and most of theglobal collections of wild the CGIAR systemrelatives of and cultivated typestheir specific crops. as well as ivemedy

deliberate measures -have been 
However, it is only recently
taken to that
conserve populationstrees, mainly industrial conifers and eucalypts, by ex: 

of forest1975; Wood and Burley, 1980). situ stands (Roche,
collate and stimulate 

IUFRO Working Party S2.02-01 attemptssuch efforts. topurpose species With the exceptionthat of a 
by CSIRO; the 

have been explored intensively (o. 
few multi-

CFI and the F,4A/IBpf arid 
some eucalypts

zone hardwoods; or the CATIE 



Central American hardwoods), there have been no systematic attempts to
 
collect material for conservation as opposed to evaluation in small trial 
plots. 

Subjects of conservation
 
In conserving an ecosystem in situ we automatically conserve its species
and their genetic resources although the size of area reserved obviously 
controls the number of individuals of each specles. To determine the 

minimum area of forest to conserve adequate numbers of indiv-.duals in 
situ 	 requires knowledge of the reproductive biology, ecology, pattern of 
distribution and genetic variance of the species. 

For both exotic industrial and multipurpose plantations, species and 
population conservation'is more important than ecosystem conservation. If 
desirable species and populations can be identified from exploration of 
the natural range, from ad hoc introductions, or from comparative trials, 
we need to decide what genetic properties of the populations should be
 
conserved:- genes, gene frequencies, gene complexes or genotypes (see
 
Burley and Namkoong, 1980).
 

According to Thompson (1979) the essential requirements for collection and
 
maintenance of plant genetic resources are:

(a) 	 Representation: genetic diversity (large population)
 
(b) 	 Prevention: genetic erosion (no selection)
 
(c) 	 Preservation: genetic integrity (no gene flow)
 
(d) 	 Retentibn: gene frequencies (no distortions to breeding
 

pattern)
 
(e) 	 Conservation: longterm security (low energy input)
 

Further, Thompson (1979) considered the following conditions should be
 
avoided in collections of plants held as genetic resources:

(a) 	 Small populations (collected or maintained)
 
(b) 	 Selection (random or directed)
 
(c) 	 Hybridization (gene flow)
 
(d) 	 Unnatural breeding patterns (level of heterozygosity)
 
(e) 	 High risk survival factors (individual enthusiasms, cultivation
 

in glasshouses, etc).
 

Methods of ex situ conservation
 
Ex situ conservation can be done by agencies with an interest in the
 
species and in areas where environmental conditions or management
 
techniques are suitable. It can take 
 the form of pollen storage, seed 
storage, tissue culture (see Wilkins et al.. 1982), or growing plants in 
conservation stands which themselves continually mvolve (see Roche, 1975).

Appropriate techniques for these four methods are not known for many
multipurpose trees and for sove may require considerable research (e.. 
species with recalcitrant seed - see King and Roberts, 1979).
 

SEED STORAGE 
Seeds may be stored over long periods for genetic conservation or short 
periods until distributed for evaluation trials or routine plantings. 
Ideal 	conditions for storage, routine germination and germination testing

have been determined for many temperate species but few tropical species 

V 
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(see ISTA, 1976; USDA, 1974). In the absence of researched methods for agiven species, those appropriate to the species thst is nearest taxonomically and environmentally should be 
adopted. Meanwhile considerable

research is required to ensure the longest 
life and greatest germination

of valuable seedlots and IUFRO Project Group P2.04-00 should be able tostimulate and coordinate such work. A survey of equipment and supplies
for seed testing was published by ISTA (1982). In the circlarquestionnaire discussed below (under Germplasm demand) there were reported
to be seed problms in 50 our of 
100 species.
 

DATA BANKING AND DISSEMINATION
 
During the course of exploration and evaluation of a species considerableamounts of data accumulate both nationally by 
each country conductIng

research 
on the species and internationally 
by agencies ccordinating

larger programmes. 
 Such data are only useful if analysed correctly andthe results disseminated. They should also 
be stored in accessible form
for future use. 
 In too many countries forestry research data are

collected, 
filed away and forgotten so 
 that the next generation of
researchers attempts to rediscover the wheel; a review of existing
information should always precede 
new research.
 

As the numbers of species, institutions and experiments increase,
problem of data management escalates. 

this 
Fortunately we live itt a period ofrapid development and lowering of prices of butcomputers it is desirable 

to ensure that data management systems are compatible among those dealing
with multipurpose trees. iortable microcomputers can now be linked byground or satellite telephone systems and data exchanged easily.
 

The results of research should be published in recognieed journals andcompiled eventually in bibliographies and monographs (see Appendix 1b)which are themselves noted by the abstracting and information services 
described earlier.
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GERMPLASM DISTRIBUTION AND USE
 

DEMAND
 
The first chapter of this document and Appendix 8 demonstrate that nearly
 
2000 species have been considered to have potential for several uses or 
for difficult environments (physical and social). However, few of the 
mnny references examined gave any indication of the supply and demand 
situation.
 

The commendable enthusiasm o. international, governmental and non
governmental organizations to establish trees in degraded sites or in
 
rural situations or for non-industrial purposes can lead to two dangers.
 
Firstly and simply, seed or other propagules may not be available in
 
sufficient quantities to meet 
planned planting targets. Secondly, the 
urgency for planting or the lack of seed of some species may lead to the 
planting of inappropriate species and provenances. Either of these can
 
cause dissatisfaction and disillusionment in government planners and
 
administrators as well as in the rural populations themselves. The Annex 
to this document prepared by Turnbull uses Australian experience to
 
increase awareness among planners and managers that currently a severe
 
bottleneck exists between the stages of choosing species and actual
 
planting. In a review of 55 USAID tree planting projects, Greathouse
 
(1982) reported that the question of seed supply was specifically
 
mentioned in only three implementation documents. It is necessary for
 
agencies which promote the planting of multipurpose tree species through
 
publications and the sponsorship of meetings or development projects 
to
 
have an equal commitment to support oeed collection "tivitiea to satisfy
 
the demand they create.
 

Current annual planting rates are approximately I million ha of industrial 
plantations and 0.5 million ha of non-industrial forests (fuelwood,
 
domestic products and protection) according to Lanly (1982). The review
 
by Wood et al. (1982) suggested that the equivalent of 100 million ha
 
would be needed by the year 2000 (.e. 5 million ha per year) to meet
 
predicted deficits of wood products and to reforest degraded land. 
 China 
will plant I - 2 million ha annually to meet established targets for 
industrial and domestic wood and Brazil is currently planting 
approximately 0.2 million ha (see Turnbull, '982, 
and Annex to this
 
Workshop). " 

Most of these plantings will be based on seedlings (excluding some 10,000
 
ha annually of eucalypt cuttings in Brazil and Congo and equivalent areas
 
of poplars and willows in South America and Europe) and clearly large
 
quantities are involved. Since the number of species is so large and seed
 
size is so variable it is not possible to predict precisely the seed
 
weight for each species. However, conservative estimates of global needs
 
exceed 100 tons of coniferous seed and 25 tons of eucalypt seed for
 
industrial plantations while similar amounts of hardwood and palm seed are
 
likely for non-industrial planting because of the greater seed size of
 
many multipurpose species and because of the lower efficiency of seed use
 
in rural planting as opposed to managed industrial plantation schemes.
 

Problems in supply of multipurpose species occur when newly recognised
 
species or superior populations are required in substantial quantities and
 
the only source is natural forest in the country of origin, e.g.
 



Eucalypts 
dunnil (restricted natural distribution), E. camaldulensis
remote Petford population) (the
Acacia mangium (remote
difficult 
or 

natural stands
seed extraction). and
For these and others of the 
1300 potential
species of Acacia, Casuarina, Eucalyptus,will be difficulty in meeting demands in 
Grevillea and Me]aleucra therethe short term even with the well
organised seed collection services in Australia.
 

In preparing for this Workshop a questionnaire was 
circulated
of tropical forest to 200 heads
departments 
and research institutions, and
(tree breeders and individualssilviculturists) to seek information onuse of multipurpose their nationaltrees. Forty-two replies were 
received
species and 160
were nominated 
(see Appendix 18). 
 Of
the Australian respondent these 50 were mentioned by
as 
having potential elsewhere 
as exotics
without estimates of but
demand. 
Of the remaining ii0 species seed
considered adequate for only 71; for 
supply was26 the suppliesdefinitely were consideredinadequate. 
These 42 responses 
 are
representative of all obviously not fully
countries, organizations 
or species but
to give an indication they begin
of the problems that lie
responses to the ahead. (Although the
questionnaire 
were of variable quality
the following it appears that
uses of species are claimed:- firewood 110, 
charcoal 41,
fodder 26, fruit 47, shelter 
115, soil protection 57 and 
soil improvement


35.)
 

SUPPLY
FAO maintains 
a directory of 
tree seed suppliers (FAO, 1975).
edition In its 1961
the directory consisted 

suppliers for each species. 

of over 400 pages listing a number 
of
Since then

in forest the volumes of exchange and trade
tree seeds have expanied greatly and
directory of countries 

the 1975 edition is a 
addresses 

able to supply seed of species and varieties.of national The
seed coordinating 
centres
those of are given rather than
commercial suppliers. 
 It is primarily for seeds of
forest production, with less trees used in
emphasis on woody plants suitable for erosion
control, ornamentals, game and wildlife management. shelterbelts, fodder,
etc. 

Lists of suppliers of seed of legumes are maintained by the USDAwhile suppliers of Australian species are listed by 
and NFTA 

for Turnbull in thethis Workshop, , AnnexA novel approach
disseminating to keeping up-to-date
iniormation and
on seed suppliers 
was adopted by Benge
his report (1982);consists of photocopies of letters and/orwith current letterheadscatalogues togetherand, as suppliers increaseor change species, or go out of businessnew information can 
be supplied in loose-leaf form. 
While all the agencies and organizations promotingbe aware tree planting needof seed suppliers, toNational Seed Coordinating Centres need
aware of the to be
worldwide 
 interest 
 in non-industrial 
 species and the
necessity of good certification and health procedures (see below).
 

LEGAL REQUIREMENTSWhere the movement of exotic species from one country to
desired, another is
two aspects benefit 
from legal instruments 
- certificationplant quarantine. and
Even for movements 
within 
a country records of 
origin
and genetic history 
are important.
 



Germplasm certification
 
Certification literally 
means the authoritative attestation 
of facts or
statements and it usually 
 implies documentation 
 by formal written
certificate. 
As commonly used in forestry it refers to seed certification
(although the OECD, 1974, 
scheme refers to all reproductive material and
hence to all germplasm) and it is an official statement that 
a seed lot
conforms 
to certain standards which may include specific identity, origin,
genetic characters and seed purity. As discussed by Jones and Burley
(1973) (and above under the topic of seed source reliability) considerably
more information is required 
for evaluation than is required by the OECD
 or most national seed certification schemes.
 

The OECD scheme is open on a voluntary basis to all member countriesOECD 
or the United Nations and its specialised agencies. 
of 

However, few
countries outside Europe and North America participate and, although many
Forest Departments and seed suppliers do provide source 
information, there
is rarely a national legal requirement for them to do so. Governments andForest Departments in both seed donor and recipient countries must be made 
aware of the importance of adequate source records.
 

Plant quarantine

The widespread distribution of germplasm of exotic species 
 entails
increasing risks of 
import of diseases and insects. This 
is particularly
the case 
for seed but pollen may well contain bacteria, fungal spores and
nematodes while 
 tissue culture can 
 carry viruses and virus-like
organisms. 
The problem is not only restricted to the tree species itself
but may apply to indigenous crops; for example, Pinus caribaea seed maynot be imported to Malaysia from Central America because it grows inassociation with oaks which are the alternative host to 
South American
leaf blight (Dothidella ulei) which could 
virtually wipe out the
 
Malaysian rubber industry.
 

The major risks and the steps required to minimise them were 
described by
Kahn (1977,1978, 1979a, 
b, 1981, 1982), Waterworth and White (1982) and
Ivory (Annex for this Workshop). With the exception of 
 tissue cultures
and movements between European Common Market 
countries, whole living
plants may rarely be moved internationally. 
 Import of soil is prohibited
except for research purposes in which 
case the importer is usually
required to certify "the soil will be heat sterilised after the research.
 

Regulations may entail any of 
the following:

(a) Specific prohibition

(b) Specific prohibition with exceptions for scientific purposes

(c) Quarantine procedures required
 
(d) Treatment on arrival
 
(e) Inspection on arrival
 
(f) Permit required

(g) Phytosanitary certificate and/or certificate or 
origin required

(h) Various treatments and inspection before dispatch

(i) Restrictions on 
the size and type of material involved.
 

An international plant protection 
convention (IPPC) 
was established in
1951 and has been 
ratified by 80 countries. Regional organisations also
exist (see Ivory, 1983). 
 Most countries have established national Plant
 



Protection Authorities as 
 some States within 
federal
Australia, USA). 
have 

countries (e.g.
The regulations of all these agencies control the
but rarely the export import
of germplasm; 
donors, scientists and commercial
suppliers should be_ fully 
aware of 
the plant health regulations in the

importing country.
 

PLACE OF VEGETATIVE PROPACATION
Tissue culture was mentioned Pbove as a valuable means ofrisks minimising theof germplasm transfer (see particularly Kahn, 1979b).internally seed-borne pathogens embryo 
For
 

culture combined with 
 microbiological assay and virus indexing. offer a useful technique.
infected material heat therapy of shoot 
For virus

tip cultures 
 amy be combined with
virt indexing. 

Tissue culture would also be 
valuable for genetic conservation as
the in-culture long as
mutation 
rate is not high.
propagated and maintained Such gene pools can bein several locations
and problems for security. Techniquesof tissue culture storage for 
genetic conservation 
were
reviewed by Withers (1980).
 

Easily perishable plant material 

collection, storage or 

and species with difficulties of seed
germination could also benefit from tissue culture.
However, techniques of 
organ, embryo, tissue or cell
evaluated for only culture have been
a few tree species (e.&. oil
England; teak and 
palm, Unilever Company,
sandal in India; 
Douglas fir
Weyerhauser Company, and some pine species,USA; Maritime 
pine, AFOCEL, France; some 
eucalypt
species by several workers in Australia and USA; Prosopis species,
Or P. Felker, Texas A and I University, USA; rubber in China (see Han and
Qiquan, 1981) 
and many North American species but
scale not on the commercial
(Brown, 1981). 
 Techniques and 
possibilities
forestry were described in Bongs 
for tissue culture in
and Durzan (1982). A review
global potential for of the
plant cell and 
tissue culture was conducted by a
Working group of the National Research Council 
(NRC, 1982). It identified
eight research areas as prospects for near-term, mid-term, and long-term
applications of plant cell and tissue culture techniques:

Near-term (many new applicatons possible now or 
within 5 years)
 

Clonal propagation
 
Disease elimination
 
Gormplasm exchange

Gene transfer by 
wide hybridization
 

Mid-term (some applicatiorq 
to plant improvement possible within
 
5 - 10 years)
 

Variant selection (including somaclonal selection)

Production of haploids
 

Long-term (plant improvement applications unlikely for at 
least

10 - 15 years)
 

Secondary natural products
 
Molecular genetic engineering in plants.
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Other forms of vegetative propagation, especially the rooting of cuttings,
have places 
in tree breeding (for the creation of clonal banks and seedorchards) and in cowmercial afforestation (e.&. eucalypts in Brazil andCongo). The many places of vegetative propagation in forestry were
described by Barnes and Burley (1982) and Burdon (1982).
 

PLACE OF GENETIC IMPROVEMENT
Tree breeding is a well established practice with many industrial species
and in many countries (see e.&. Wright, 1976). An indication of the scopemay be obtained from:- the Proceedings of three FAO/IUFRO World Consult
ations of Fcrc: t Tree Breeding in 1963, 1969 and 1977 published by FAO;the many papers in 33 volumes of Silvae Genetics; the Proceedings of threemeetings of IUFRO Working Party S2.03-01 (Breeding tropical species) in1972, 1973 and 1977 published by CFI, Oxford; and many other publishedarticles. Recommendationi 
have been made for tropical breeding strategies

under varying resource constraints (Namkoong et al., 
 1979) and Burley
(1980) reviewed the Iproblems and possibilities for 
genetic improvement of
species 
for community forestry and individual smallholder planting. In
addition to many eucalypts, specific cases of multipurpose trees have been

treated inter alia by Brewbaker (1982, Leucaena in Hawaii), Leakey et 
al.
(1982, Triploctiton in West 
Africa), Wattle Research Institute (1982,
Acacia in South Africa). For rational 
and efficient breeding strategies,

information is required the and
on extent pattern of natural genetic

variation 
(see Solbrig et al., 1977, for use of isozyme techniques in
determining genic variation in Prosopis). 
 Much of this information should

be gathered at the exploration and evaluation phases described earlier
this document. Three main problems arise 

in
 
in breeding multipurpose trees


in comparison with traditional industrial trees. Firstly the bases of
genetic material and genetic information are restricted; 
many existing

trees and plantations have been derived from parents of unknown origin or
 
ancestry.
 

Secondly, 
the breeding of any crop for multiple characteristics is
difficult in three aspects:- aFor given selection intensity the rate ofimprovement of 
 any one trait declines as additional characters 
are
included; the derivation of selection indices 
is complex mathematically;

techniques are 
not well developed for rapid assassment and large-scale 
screening of some traits. 

Thirdly, the must bred
material be 
 for a range of environments and
management conditions, i.e. it must be. robust and stable without showing

genotype-environment interaction effects.
 

Over all 
 these problems lies the common constraint of inadequate

professional and technical staff. 
 Considerable enhancement of 
national
capabilities is required and strategies should be developed for 
resource

sharing through internationally coordinated breeding pools and programmes.
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ELEHTNTS OF POSSIBLE STRATEGIES IN MEETING INTERNATIONAL 
NEEDS FOR MULTIPURPOSE TREE GERMPLASM 

It is not the purpose of this document to propose strategies; that-i e theobject of the Workshop. However, it may be useful here to indicate someconsiderati,)ns to be borne in mind and some possible lines of action.Eventually any increased activity depends on more staff, skill, equipmentand hence money. The following provides 
a checklist of opportunities for
investing limited resources. 

NATIONAL AND INTERNATIONAL PROGRAMMES
 
It is genera ily recognized that emphasis should be given to strengtheningri.. :orsl copabil.t.es and not to creating new international institutions(World Bank and FA, 1981). However the value of internationally

coordinated activities 
in exploration and evaluation 
can not be over
stressed (e.,. FAO, IBPGR, CFI, CSIRO, NAS, NFTA). 

VINING AND NETWORKS 
U'Lhere a major international 
programme is impossible or inappropriate,

rtinning between two or more institutions with a common interest (species,tvchniquc or product) may economise on financial or skill resources. Theoordination of networks besuch could an activity of the proposed IUFROtchnical secretariat or of existing agencies such as FAO and ICRAF.
 

CKOUPING OF ACTIVITIES BY PLANT TYPE, SPECIES, GEOGRAPHY OR ENVIRONMENTTl}c Nitrog:n Fixing Tree Association is an excellent example of a group ofin'tiftutlons and individuals working on a common set of species. The Neemr..... is anlrd....t exampl.e of single species concentration (see
T. wan-aki, 1981). The FAO/IBPGR 

e.g.
project is an equivalent example off:k J7-,pa problem at the level of an environmental type (arid zone).':r. rary r tcntJ..! spe ie3 occur together within a country or region ageRraphic conc.ntration of effort may be preferred (eg.CATIE and
ccllectinig mai-y species in Central America). 

CFI 
With such large numbers of' ,I!.tiIjrpo.n trees 
 available, setting priorities for differenternviron-,:int: is a major imperative. The special case of forage shrubs inarid zoIe3 neu:ds particular group attention (see e.&. Goodin and Mckell,1911; Mckell, 19"5). 

L..XON4i1.": T"V E1yt-ALU1.rf6N
Ad quc,.r exploration requires taxonomic study thein natural range.
"!- ..nomYc support is also 
needed at the evaluation stage in exotic
eo:lditlona. Good collaboration is required between staff in herbaria 
'*.-- .-. or New York Botanic Gardens) and foresters or
mn7WI. field collections or assessments; agriculturists

some subcontracting of researchmoy be a"opriate biochemical analysis.
 

ASS ES SMFf'* 
The iCRAF/NAS/CFT manual now in preparation describes a large number of c rac L Lhat may be of interest in evaluating multipurpose trees.Re.earch is needed on some of these to determine standardised methods of 
nss.,,, 
 (e.. foliage production or chemical content). Research isa]l2j ne-.ded to determine the applicability of growth chambers or otherc,,it rolle environcents to measuring juvenile characters that are
correieted witt, mature characters in the field and that permit early

c&aluation.
 

http:copabil.t.es
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DATA AND INFORMATION MANAGEMENT
 
Consideration should be given 
to the development of standard formats
data collection and compatible methods of 

for
 
computer-based data exchange
(for data on seed origins and on 
field trials). Encouragement should be
given to publication and dissemination of results and the 
compilation of
bibliographies, reviews and 
monographs. Also unpublished data 
or results
from early research should be reviewed. 
Leading centres may be identified
 

as the databanks for a given species 
or geographic region.
 

CJNSERVATION
 
For the major species of interest efforts 
must be made to identify and
conserve populations threatened 
with genetic improverishment, and to
determine optimum strategies and funding for their genetic conservationwhether in situ or ex situ. The latter may require development of storagemethods 
for seed, pollen and/or tissue cultures (e.j. various IUFRO
research groups or specialised centres). 

INVENTORY OF ACTIVITIES
While the present document indicates the wide range of species andproducts available together with the future needs in terms of areas andnumbers of trees, it is clearly not an exhaustive list of currentactivities. 
 Such an Inventory of institutions, their activities, their
principal 
 species and products, and their available 
 information is
desirable to publicise current knowledge and to minimise unnecessaryduplication of research. 
The compilation and maintenance of the inventorywould be done by expanding current organizations such as FAO, ICRAF, IUFROSecretariat or NFTA. IBPGR already publishes directories of germplasmcollections for its major crops (see e.&. Williams and Damania, 1981, for cacao, coconut, 
 pepper, sugarcane 
and tea) and eventually similar

directories will 
be required for multipurpose trees and shrubs.
 

STAFF DEVELOPMENT
 
In addition to current 
awareness that 
could be provided by the inventory
suggested above, there is a need 
for additional staff 
and specialised
training that can be offered by traditional university courses and bymodern in-service training and short 
courses. 
 The latter are particularly
valuable for countries or departments with limited professional andtechnical staff who can not 
be spared for 
a full degree course. Provision
should also be made'for the attendance of 
staff from developing countries
 
at IUFRO and other appropriate meetings.
 

GERMPLASM SUPPLY AND DEMAND 
The literature reviewed for this study and the questionnaire distributedfor it did not obtain meaningful data 
on global seed requirements. A more
intensive survey 
is required which may be organised on a regional basis
oce major species of widespread application are identified. Similarly
lists of suppliers are 
required. Consideration should be given to thecreation of national and International seed banks.
 

QUARANTINE AND SEED CERTIFICATION
 
International agreements and rules exist but are not fully applied intropical countries. 
 The Workshop should consider means of publishing the
benefits and encouraging/enforcing the use 
of such instruments.
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CLONAL PROPACATION
 
Organizations 
 currently researching 
 on rooted cuttings should be
encouraged to expand their 
choice of species 
to include niltipurpose

trees*
 

GENETIC IMPROVEMENT
 
Once species of major importance have been identified, assistance Should
be 
 given to national institutions in developing breeding 
programmes.
Strategies 
must be developed for international cooperation 
in pooling

improved genetic resources.
 



Table 1, Source. of lists ot multipurpose epecis
 

Authors 


auer 


Camacho 


FAO/IBRD 


KoivLsto 


Laurie 


Fenton et al. 


Adams e a. 


FAO/IBPCR 


von 4aydell 

Deluaulle 


Goor & Barney 


Brewbaker
etgr
al.0) 


Vergara 


WAS 


Burley
Boland and
 

Turnbull 


Lavoie 


Wcbb et &1. 


Edwardn 


barrow 

Owino 


WAS 


Lessard and 

Choutnard 


Varmah and 


Pant
 

Le Hou~rou 


Johnson 


IDRC 


Whitmore 


Ralliday and 


Nakao
 

Brewbaker and 

Styles 


ODkfor 

Kessler 


Date 


(1982) 


(1981) 


(1978) 


(1979) 


(1974) 


(1977) 


(1978) 


(1980) 


(1981) 

(1979) 


(1976) 


(1981) 


(1980) 


(1980) 


(98U 


(1981) 


(1981) 


(1979) 


(1983) 

(1983) 


(183) 


(1982) 


(1980) 


(1981) 


(1980) 


(1983) 


(1979) 

(1980) 


(1982) 


(1982) 


(1980) 

(1981) 


Scope 


Eight site types in 


Honduras 


Costs Rica 


Nepal 


Asia-Pacific region 


African savannahs
 
Subdesert 


Dry tro ical 

Semi humid cropical 

Rumid and equatorial 


Lowland tropical 


hardwoods 


Arid and saline 


Arid and sentiarid 


Sahel A a 

Dry tropical Africa 


Arid 


Tropical legumes
agroforestry 


agoorar
 

Clobal firewood 


Energy biomasa 


Global multipurpose 


Malavi multipurpose 
Kenya multipurpose 


Kenya nitrogen fixing
 
and ultipurpose 


Sahel 


Bamboos 


Browse species,
 
North Africa 


Palms 


Rattan$ 

Many groups and 

purposes
 

Legumes 


Nitrogen-fixing trees 


No. Of genera 
 AtndIx
 

or species
 

0 pectes
 

21 genera
 

68 species A
 

91 species
 

5 genera trees 
 6b
 
4 genera bamboos
 
2 agric. industrial woody *pp.
 
13 potential untested app.
 

10 species, 6 genera 
 5C
 
9 species, 6 genera
 
19 species, 6 genera
 
13 species, 7 genera
 

23 species, 
 8d
 
14 genera
 

45 Indigenous tree species 
 Se
 
53 introduced tree species
 
65 indigenoush .
 a 
24 introduced sruband eaver
 

13 species, 4 genera 
 8f
 

116 pcies 

63 species, 43 general
 

53 species 
 Sh
 

2661species, 12 genera 
 at
 

60 species selected list
 

650 source list 
 8J
 

I11 species and genera
 

31 genera, 288 species
 

180 apecies 
 8k
 

66 species and/or genera
 
57 species 
 al
 

55 species, 4 genera 

54 species 8% 

43 species, Malaysin 

22 species, Indonesia 

Many species. A-P region 
Many species, India 

% 

Sn 

34 species 
 so
 

4 species domesticated 
 Workshop 
19 species incipient Annex
 
domestication
 

Various species for
 
Asian countries
 

1000 species
 

43 species "Al list 
50 spaces "a" list Sq
 

Food and fodderigeria 51 species

Fodder, Nepal 
 24 species 
 Or
 

8 



Table 2. Types of institution that 
should be active in or 
able to provide information on various aspects of multipurpose trees
(in the form of published or unpublished reports, abstracts, bibliographies, monographs 
manuals and data base
 

1 2 3 4 
 5 
 6 7 
 8 
A B C D E A B C 

Natural range

Species natural distribution 
 V V V V 
 V V VPopulation variation " /Species taxonomy" J V V V V V V 
Physical exploration 4
 

V V V V V(map, seed, herbarium, samples, etc.). 
 1 V VConservation 

. V 

Exotic conditions
 
Seed/fruit problems 


V V V VSeed/fruit needsms
 
Environment where pl&nted
Trials of species 
 V V V V V 
Trials of populations 

4 4

V / 
 V .
Growth and yield of products 1 

Other benefits V I V 
. V V . 1
Technical V V V . '
 

properties
Managerial characters 

Conservation V 
 V I 
 VVIV V'I
Breeding
 

V 
 V 
 V.
 
Published and "grey" literature

Publications of manuals, monographs, 
 V V 'IV I 1 V Ibibliographies, abstract services, 

. 

reviews
 

Education and TrainnV 

I/ J 

Arboretum 
 4. Hational institutions 
 S. International institutions
H]erbarium 
 e. Seed bank9. Forest d,,parfnnt 

0. 
 Regional organization e.j. CATIE
A. Research institute e.j. CIAT, IITA
C. 8. IUFRO
Research Tnstitute
Xylriuu 
 0. University C. Specialised organization e.. 
 FAO icuF, UNU
 

E. International support programe 
 6. Donor agencies e._. 
 ADB, IDD, WB.bilaterais
 
, ANU. CF . CTFT, NAS, TPI 7. 
 Rec gn is d nfor ari n / documentation servic 
pg
 

-. e.g. ACRIS, C ., CATIE, IC RLkF
:_ 




Table 3. Planned and completed provenance collections 1978-82 (FAO/IBPGR) 

Source: FAQ (1981c)
 

COLMTRVT~ri 
OBSE"&7lwea 

AutalaCAlypVA GAWInadujeneis eh AGO roven~nes~. ooIleated for proj*01 
vitth %Pe~Ajl emp~hasis an axid Lane.

* Lototb.)a P. Null.j/ 	 71 me-.dlote# groupadi n'. 21 "Provenance 
grouve, ror reta.go evaluation aso*,4. 
LR4~ to Cl1.aatto oonditlona.

Acanla &,ieut P. MU1 1.llax heath. 3provewaac*a oilectod by eariy 1963) 

Chile £c.,oia oaven mol. 
Atrlpla eLtpana Phil!. 
Prueople taDparugo P. Philippi 
Prosopie &pp. (*A1garmbo-) Ras Lhitus several ap.Olsa, P. alaceionele, 

P. a*iauastrisiv P. ciillenotm, P. b-uzimritL 

lgI"LA 	 Loaia nilottu (L.) Willd. ex Del. gap. Lnta/var. wedLa. 

wayL ootbeAr. ksAwr ar~li. 

(en P. mpiolgera L) 

Zarcl 	 AaaniLa albida Del. 
A. raddlan7 SellEyj A. tortilta (Pbrek) lloyui e sp. 

rh~aa(Savi) Brena.) 

(M.A. -tlls(Puarsk) "an map. 

totla(Mayo.) brawi) 

miaxle 	 Atriplaz oaaoeeaej
 
Prosopisaepp. ("Xe14u1e*) 
 Nay inoltdt toenae epeee P. jullflorag 

P. gl&AMIODo&, P. .3140.?. 1erreyon 

PeraPoaple 	 @pp. (-A1.%rbo") Nay7 imlwte iseveu a peee, P. abileaaLngPeruP. 
 limensle, P. jull(ioro. 

smagal Acacia albuea Del. vat. sdaaiaoull 
A. n~lotick (L.) WiI Id. all. Del. 
1k. radd lea. Savi 

A. tortilla Kaynd 

3L4"ateL milotica (L) 111114. ex. Del. ep. milktla. 

Leeap. 	 temensomie 

FOR Tamem ftseop. atamrja..a (L.) br. &a 

A. senegul (L.) U111.lg 
A. tortilla kMayn. 

YCelleetim somphete evA d~attlbu~m4 for ewluaLe. 
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Table 1,1 

ReiKrension of Tropical Moist Forests 

.......... 0M hon .......... 
E&3u Africa 25 7 18 72.0 
Central Africa 269 149 120 44.6 

West Africa Go 19 49 72.0 

TOTAL 
AFRICA 362 175 IS? 81.6 

South ArnWCa 750 472 278 37.1 
Central 
Aerica 53 34' 12 3U 

TOTAL LATIN 
AMERICA we30 297 t37.0 

Paciic Region 48 36 12 2.0 
South East 
Asia. 
South Asia 

302 
as 

187 
31 

115 
54 

3.1 
6. 

TOTAL ASIA 435 254 181 41.8 

TOTAL 
WORLD 100 035 5 41.6 

Source, Sommer (1976) 

Table 1.2 
 Tropical Lands Recently Undergoing Severe Desertification1 

and Estimated Annual Rates of Desertification 2 (ha x 10 ) 

Region Total Desertified Area Land Type Desertification p.a. 

Latin America 701,o800 Irrigated Land 500
 
Africa 685,300 
 Range 18,000
 
India & Pakistan 170,000 Rain-fed Crop Land 
 2,000
 

I,556,800 
 20,500
 

Sou.ce,': 1. UN (1978)
 

2. Dregne (1980)
 



Table 1o3 Tropical Lands With Potential For Reforestation (ha x 10) 

Region 	 Logged Forest Deforested Desertified All Lands
 
Forests Fallow Watersheds Arid Lands
(1) (2) (3) (4)
 

Latin America 53,487 65,732 27,500 701,800 848,519
 

Africa 42,848 58,725 3,000 685,000 789,573
 
Asia 59,847 56,567 56,500 170,000 342,934
 

156,182 181,044 87,OOO 1,556,800 1,981,026
 

Sources: FAO (1981a), UN (1978)
 

1. 	Almost 90% of these are tropical moist forests (TRF + TfF) 
2. 	All are in tropical moist forest areas (TRF + TI'DF)
 
3. 	MP. The area of Deforested Watersheds is only a rough estimate. It
 

has been included in 'All Lands'.
 
4. 	SAv/ARID.
 

Table 1.4 Estimated areas by reforestation classes (million hectares)
 

Latin 
America Africa Asia 

Area (mha) Area (mha) Area (mha) 

%(53 mha) 2 (43 wha) 2 (60 mha) 

.ogged 
forest 

Line planting 
Enrichment 
Dense planting 
Assisted regenerati
Conservation 
Taungya 

on 

30 
-
15 
5 

60 
10 

5.3 
-

8 
2.7 

31.8 
5.3 

20 
30 
20 
5 
5 

20 

8.6 
12.9 
8.6 
2.2 
2.2 
8.6 

15 
|0 
I5 
30 
10 
20 

9 
6 
9 
18 
6 
12 

(66 	mha) (59 mha) (57 mha) 

Fallow 	 Taungya 5 3.3 5 3.0 30 17.1
 
lands 	 Dense planting 20 13.2 40 23.6 35 20.0 

Assisted regeneration t0 6.6 l0 5.9 5 2.9 
Conservation 0 - 20 11.8 0 -
Social forestry 65 42.9 25 14.8 30 17.1 

(28 	mha) ( 3 mha) (57 mha) 

Watersheds 	 Dense planting 10 2.8 30 0.9 30 17.1
 
Socia. forestry 10 2.8 20 0.6 50 28.5
 
Conservation 80 22.4 50 1.5 20 11.4
 

(702 mha) 	 (685 mha) (170 mha) 

2 1 	 z 

Areas of 	 Mountains l0 70.2 4 27.4 5 8.5 
desert-	 Run off irrigation 0 - 5 34.3 5 8.5
 
ificarion 	 Full irrigation 0 - I 6.9 5 8.5 

Social forestry 0 - 20 117.0 60 102.0 
Rain fed plantations 20 140.4 15 102.8 0 -
Dune planting 	 0 - 5 34.3 5 8.5 ) 
Corpor on 	 70 491.4 50 342.5 20 34.0 
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Areas of the Tropics with Fuelwood Deficits. 1980 and 2000 

Deficit & Equivalent Plant-
Africa (Jmyilion X13 ) 

MEQ 
ation Area ha x 103 

200 
Acute Soarcity (i) Arid areas -6 1200 -10 2000 

Deficit 
(ii) 

11) 
Montane/island areas 
Savanna areas 

-40 

-66 
8000 

6600 
-70 

-185 
14000 

18500 
±i) High forest - -5 250 

-112 15800 -270 34750 

katiu America
 

Acute Scarcity (i) 
 Andoan plateau 
 -2 .400 
 -4 800
 
(ii) 
 Arid west S. America 
 -9 1800 
 -15 3000
 

& densely populated
 
eireas 

Deficit i) 
Populated Semi-Arid 
 -36 7200 -117 
 23400
 
areas & Andean zone 

-47 9400 
 -136 27200
 

A3ia 

Acute Scarcity () Montane areas 
 -38 7600 -60 
 12000
 
(mainly Himalayas)


Deficit (i) Plains 
 -90 9000 -146 
 14600
 
"(mainly Indo-Ganges)


(ii) Plains & Islands in -120 6oo -265 13200
 
S.E. Asia
 

(iii) Other areas with fast 
 - -48 3200
 
growing populations
 

-248 22600 
 -519 43000
 

ALITROPICS 
 -407 47800 -925 1049
 

Sourcet 
 PAO (1981b) and Wood et al,(1982)
 

N.B. 
Areas of fuelvood plantations equivalent to the above deficits have
been calculated by the authors using assumptions as to practical
productivity in different areas.
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Appendix 3 

Areas of Tro~ical Forest Plantations 1980 

(ha_ X -03 
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48 

The Role of Forests 	 Appendix 4 

Con:011er lunotf. 
lIchmenf_. w tesupplies.
poectiona,. n folfixatlon. 

Oiygen 

Reeation. tourism, 

tCnd0fiCal tffeCts 	 witdl(fe conservation of endangered Species Of
(lora and fauna 

Silrnlndune fixation, reclmalinantrol 	 of eroded lands 

Futlwood and cro. . m. ,heating.
. and
household ses
Buildin=polgesan nttionpr. oe on 

.. 	 Shifting cultivation, Core$! 

AgriculturAl uses lrazinf, nitrogen fixation. 

uletes, ftuits andnuts 

tHusng, buildings,
 
oeconsutuction, fencir.,.


rulilure
 

Indgeouscnsumption swmligconstruction, 	 farm buildings 

. Ropes and stuinz. 
weaving materials .bas,. turn;Itue 

Su fu:rni ( 

.criculture.

apiculturt, triculture Silk. honey. way, 13C 

Sgpcial woods n aig.ies. 

ashes 	 chemicals. Iglassmaking 

N tannin.faval stores. 
turpento" ,distilla tes. 

. Gums. resins. ,and 

,-- t 

oils 	 resin. essential Oils 

_ .	 . Reduction Ptent for steel-

Charcoal making, chemicals. polyvinll 

ha = -chloride (PVC), dry cells 

es,
 
n misi n P

ol

01T 

PPo e 
Powles 	 minping, 

e furniture,.
p.ig hpuidnt iig
Inutilueo ~ los 	 -- Lumber 

I ] ] 	 Construction. sleepers 

Veneer togs 	 Plywoo eee. funture 
containers, constructil 

Newsprint, paperboard. 

fl j_...__ prning anidwriting papr. 

P, lwo~dcontainers. packaging, 
ditiolving pulp, disillates, 
testiles arndclothidng 

' ' ' i O r d " e '' O r '
 

' ,Sd. F .. S|i paper
 

Source: World Bank (1978)
 



Appendix 5 
Pa4ge I 

FORESTRY RESE4RCH NEEDS I; DEMEOPING COU'NTRES 
(Source:-World Bank and FAO, 1981)
 

This is an 'indicative' and 'noa-comprehensive' listing of research priorities.
The 	 topics identified are jiven exmplas of the likely mainas 	 area of con
cern in the coming decade. 

() F1ts r .n relation to hgriculcure and rural deaveloMeng 

(A) Sociological and institutooal research 

1. 	 Knovledga of the natural enarronmenc by forest societies2. 	 Data on the infrauc-ucture of human sociaties In the forests3. 	 Determination of perceived role of tram &nd forests in rural welfare
4. 	Origin and Nolution of conflicts for land

5. 	 Determination of acceptability and response to innovative systma
6. 	Definition and testing of incentives to Incorporate trees
7. 	 Guidelines for project preparation 
8. 	 Extunsion mqthods 
9. 	Institutional aspects

10. Economic returns from alternative farming systems 
incorporating tree 

(B) Farmng systems umung trees 

1. 	 Effects and systems of intercropping, including saizamls;
identificacion of potencial agro-forest combinations 

2. 	 Mycorrhi.al and other microbiological relations
3. 	 M!ulcin effects on soil chemistry and structure
4. 	 Impact oan roil fertility of burning manure and crop residues
5. 	Ground preparation (especially arid and degrad*d sites)
6. 
Soil nutrients (especially nitrogen and phosphorus, salV.nity)
7. oMiscure relations 
8. 	Irrigation 
9. 	 Sand dune stabi3..zac.on 

10. Shelterbelts
 
11. Choice of species and provenance

.12. Seed collection, storage, 
 testing, zonation, cer:ification 
13.. Silvicultural treatmenc (coppicicg, pollard ng)
14. VTetatcve propagation

IS. Potential of tree breeding
 

(C) Watersheds (catchsants) and range maonaenLat 

1. 	 Farming s.scms appropriate for upland areas2. 	Alternatives for fodder production on and off farms 
3. 	Improvemont of alpine pasture lands
4. 	Ipact of land use 	 cn wacer yield, qua1.it7 and timing
5. 	I=pact on stream flow patterns of shi!:Ing cu.:±va:ion
6. 	 Cost and effectiveness of "ratershed management
7. 	 Determination of run-off races and sediment yield
8. 	CarryinS capacity and grazing control :o za=li0ze range

production
9. 	Least cost approaches to range improvement


10. Improvement of savannah range Uands
 
1'. :mprovemenc of arid zone 
range lands
 

http:Mycorrhi.al
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(D) Wildlife in relation to rural welfare
 

1. Ecological monitoring of animal habitats
2. Animal Population dynamics
3. Socioeconomic aspects of the place of animal products

inrural life
 

iii) Forestry in rlation to energ 
 production and use
 
(A) Silviculture of biomasa/fuelwood species and systems
 

1. Choice of species and provenance

2. Tree breeding

3. Seed research
4. Vegetative propagEtion, tissue culture, call genetics
5. Ground preparation methods
 
6. Silvicultural methods
 
7. Posts and diseases
 
S. Fire control svstems
9. Effect of repeited cropping on soil
(B) Yield, harvesting and properties
 

1. Yield assessment
 
2. Rarveuting and transport methods
3. Density and calorific value
 
4. Chmical content
 

(C) Industrial research related to village technology
 
I. 
Improved stove and crematorium design
2. 
Improved fuelwood and charcoal preparation methods
3. Small-scale crop processors, generators, wood preservatlon
4. 
Use of residues
 

(D) Comparison with alternative fuela (social, technical and
economic efficiency)
 

(E) Wood-b&sed derivatives
 

.1. Pyrolyusi
 
2. Gasification
 
3. Pelletization
 
4. Methanol, ethanol and liquid fuel technology
 

(iii) 
Mana32eunand conservatioof 
existing 
resources 
mainly natural
 
fore"Sts)
 

(A) Resource survey
 

1. Land use planning methods

2. Soil and land use survey and evaluation
3. 
Land mapping according to the acological potanj.i!

sustain population. 
to 

4. Monitori-ng changes of forest area5. Inventories of accessible natural forest
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(B) 	Conservation
 

1. ~Methods co identify and quantify unique bioticussoc:Latiom 
2. 	Mthods to conserve genetic resources and ecosyscms
3. boUntoring chants" Vithn ecosystems and species
4. 	 Policy and legal aspects of conservation 
3. 	Undea1ying ecological and biologicztl processes 

(C) 	Silvicultural systems for natural forests 

1. 	 Ri±logicAc limitations to the cransformacon of 
tropical forest ecosystems

2. 	 ?pact of diffarant tpas of utilization 
3. 	Vacural ragenaration 
4. 	Artificial enrichment 

(D) 	Whole tra woe 

1. 	 Harvustng 
2. 	Utilization 
3. 	 Effects on site 

(E) 	Use and aarketing of secondary species 

1. 	 Inventory 
2. 	 Properties
 
3. 	 Infomacion and market incelligence 

(F) 	Wood preservation
 

(v) 	 Industrial forestry 

(A) .Silviculture and management 

1. Choice of species and provenance
2. Seed collection, storage, testing. zonation, cer:ti.ficaion3. Vegecative propagation, tissue culture, call Snaciecs 
A. Tree breeding 
5. Ground preparation
6. Spacizn&, weeding. chinning, pruning
7. Fr:ilzaclon and soil =ucianes 
S. Mycorrh.zal and microbial relations 
9. 'Integrated past management
10. 	 rLz. control systems

(3) 	Wood properties
 

1. Anatomical 
2. Chemical
 
3. Physical/aachatical 
A. Pulp, paper, boards 
5. 	 ccuosices 
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Definitions of teras associated with social forestry
 
(Based on Burley and Wood, 1983)
 

Social forestry can legitimately be applied to almost any type offorestry since some social benefits (employment, export earnings, etc.)

may be obtained from even the moat 
conercialised 
and industrialised
 
production 
 system. It is more generally applied, however, 
 to
enterprises conducted at a smaller scale, whichin industrial timber
production is usually not the sole objective and in which the benefits 
to the comranity are more tangible than such shadow-prined values.
 

Social forestry includes community forestry in which the planning,establishment, management, harvesting 
and marketing of forests, trees

and their products are carried out either by the rural community members
themselves or by a State Forestry Service on their behalf, with the
proceeds going to benefit the commnity rather than individuals, Italso includes farm forestry in which individual land owners (encouraged
by training, extension programmes, demonstrations and incentives) plant
trees in farm woodlots, contour or boundary lines, or intermixed with 
agricultural crops.
 

Str planting (referred to in India as extension forestry) isincluded in social forestry and refers commonly 
also 

most to the planting of 
trees on the sides of roads, railways and canals.
 

Recreation and amenity forestry refers 
to the creation and maintenauce
of trees and forests for specialised recreational use or improvement of
local amenity. Their value is difficult to quabtify and they are nore common in more developed economies where they have clear social
 
benefits.
 

Rehabilitation forestry concerns degraded forests and soils and it may
have both direct productive benefits and indirect social benefits 
(e.g.

releasing more land for agriculture, renewing supplies for local

industry, improving dry season grazing, reducing soil loss, etc.)
 

Compensatory plantations may improve conservation of natural forest with
benefits for gene conservation, supplies of medicines, protection, etc.
 

All of these eight terms may be collectively called social forestry.
 

ARroforestry, embracing agrisilviculture and perhaps better called "land
husbandry" (Stewart, 1981), 
is a collective term for systems of land

manageraeLt and technologies that incorporate mixtures of annual and
perennial crops and animals (which may range from insects to mammals) in
either space or time for sustained production with management practices
that are compatible with local culture. (For further definitions 
agroforestry see ICRAF, 1979; Anon., 1982; Lundgren, 1982.) 

of 

It is most unfortunate that in many countries the term has been taken to

be synonymous with either social forestry or farm forestry (e.&" India;see National 
 Commission on Agriculture, 1976; Joshi, 1982).
Agroforest,cy is only one set of land management systems parallel with 
pure agricultural or pure silvicultural systems according to whether itis appropriate or inappropriate to local environmental and social
conditions and it may or may not be used in social forestry.
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Species tested in Costa Rica 

(Source: Camacho, 1981) 

NOgJIE CgMN iHiMMM TfX:iICO FAMILIA BOTANICA 

Albi: ia albigzi-a fedcatar!t& (L.) FosIbergq. ~ isc 
Jaul ~~Alnu's acuai-nata (HUn ) 0. Ktze. B t l c alEaPavel Ancrdu excel.s=m (Bert y sa Ib) Antuacdeae 

Sketi Aadica 
P-0RnAstronjEm grveolen 5 Jacquin AnacardiaceaePochote Dombacopsi -S~~tf (Jacq) Duqand Babccai&hcuabe Bursera sizaaruba (L,.) sarg. BAacaiceae 

Ca~phy 1w "bra Iien~ Cz GUttiferae 

Casuarina.t Ca ao -QA iane nis Aub i ?eliaceae 
Cedr nar~ Casuarina Jquis etifolia L. Casuarinac'eae~edxoaua~rgoCedrela mex c a roem l ei cCedro dulce Cadel todHj~?eliaceae 

Laurel 
 Ceiba ntAn~dra (L. Goerth Bombacaceae1,aiu~el 
 ordia "1-o 
o a (Rul~z y Pav6n) Cham 
 B rg ncaT~au.1uneci~z~, Cordia ±2Arenqi., 
Cuprssuslusian.Boragi naceee 

Cipr i s Nau preasa 
iu s i --a Mill 
 Cu p re s sacea e
 
Primara 
 pa (Gord) Hartw. Cupressace 

Prim yezaC ybit-aX donne U-Emithi i (Rose)
Seibert 

Cooobola igonaca
 
_______ __rtusa Hen al. Caesalpniaceae
 

Naiache 
 DeLn!ix Xtegi-a (Bo jer) Raf. Caesalpiniaceae 
papayillo, MRIXMK=nD d (Aubl) Dec y asliace 

Planch 
Guachipelfn rlceD1h =Ui r Denth Aai1 oaceae 

ra m L.t Winteraceae 
uacasyto, r.~2G~ (Jack)Griseb i~MoSacea e 

Ewalpto II~kP-t&B I me yrta ceae=uAlypto, E alPtus 21 bulus La il Myrtaceae
~&1ptoEuc Lytus %:Eandis Hillex Maiden Myrtac.eac 



56 

Appendix 8a
 

Page 3 

NOMBRE COMUN NOMBRE TECNICO FAMILIA BOTANICA 

Eucalypto 
 Eucalyptus maculata Hook 
 Myrtaceae

Eucalypto 
 Eucalyptus saligna Smith 
 Myrtaceae

Manzana Rosa 
 Eugenia jambos Linn. 
 Rosaceae
 
Madero Negro 
 Gliricidia sepium (Jack) Stend 
 Papilionaceae

Melina 
 Gmelina arborea Roxb 
 Verbenaceae
 
Grevilia 
 Grevillea robusta A. Cunn 
 Proteaceae
 
Guacimo 
 Guazuma ulmifolia Lum. 
 Sterculiaceae
 
Guapinol 
 Hymenaea courbaril L. 
 Caesalpiniaceae

Jacaranda 
 Jacaranda copaia (Aubl) D. Don 
 Bignoniaceae

Jacaranda 
 Jacadanda mimosifolia D. Don 
 Bignoninceae

Nogal 
 Julans o dnchanum Standl. y Will. 
 Juglandaceae

Ipil-Ipil 
 Leucaena leucocephala (Lam.) de Wit. Mimosaceae
 
ManG Minguartia quianensis Aubl 
 Olacaceae
 
Tob~s 
 Montanoa dumicola Klatt 
 Compositae

Balsamo 
 Myroxylon balsamum (L.) 
Harms 
 Papilionaceae
 
Gavil5n 
 Pentaclethra macroloba 
(Wild) Ktze). Mimosaceae
 
Pino Pinus caribaea var. caribaea 
 Pinaceae
 

Barr y Golf.
 
Pino engelmannii 
 Piuus engelmannii Carr. 
 Pinaceae
 
Pino oocarpa 
 Pinus oocarpa Schiede. Pinaceae
 
Pino patula 
 Pinus Ratula Schl. y Cham. 
 Pinaceae
 
Casha 
 Pithecolobium pseudo-tamarindus 
 Mimosaceae
 

(Britt) Standl.Cen'zaro Pithecolobium saman (Jack) Benth Mimosaceae 
Crist-bal Platimyscium pleiostachu m Donn Sm. Papili naceae
Crist6bal 
 Platimyscium 
pinnatum (Jack) Dugand Papilionaceae
 
Cipresillo 
 Podocarpus oleifolius Don. 
 Podocarpaceae

Quibra 
 Pseudolmedia spurea (SW.)Grisebach. Moraceae
 
Encino Blanco 
 Quercus seemannii sin. corrugata 
 Fagaceae
 

Hooker
 
Gallinazo 
 Schizolobium 2pa!ybum (Veil) Blake 
Caesalpiniaceae

Panamg 
 Sterculia apetala (Jack) Karst. 
 Sterculiaceae
 
Vainillo 
 Stryphnodendron excelsu 
 Harms. 
 Mimosaceae
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-NOMR Comm "BRE ThCHIO FAMIL IA BOTAN ICA 

Cou Neqrp Swartzi 2AAMfj Bentn Caesalpiriiaceae 
Caoba Sip~.cni huil Zucc. IHeliaceae 
Caoba J~j~j MaczbphjjA G. King2 Meliaceati 
Corteze Aaarila Tababu1la c r-y-ntha (Jacq) Nichol. Biqnoniaceae 
Roble Negro Tabebuia p1wmeri Rose. Bignoniaceae 
R~OW1 Sabana Tabebaia rosea (vertol) DC. Bignoniaceae 

lecaTectoaa grlndjir Linn Verbeznaceae 
Amarillo~n Te2rminalia anmazonia (Gme1.). Exell. Combretaceae 

Terinalia ivorengij A. Chev. Coebretacear
s ur TenxminaIlia lucida BjOffmn. Conmbre taceae 
Cedro Australia.- Toria ciliata M. Rroer Keliaceae 
Capuilri Rojo Trichogerma m~xicanum, (Dc.) Bail]. Tiliaceae 
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List of Recommended Species of Trees and Shrubs
 

for Nepal Community Forestry Development Project
 

Source: FAO/IBRD (1978)
 

Glossaryof abbreviations on the use of tree species.
 

Capital letters - main use
 

Small letters M potential use
 

E e edible
 

F f firewood
 

G g gum/resin/tanning/lac/silk
 

H h hedges
 

I i small timber, implen*fnts
 

L 1 lopping for animal fodder (or breeding)
 

M m medicinal/religious material
 

0 o oil seed
 

R r fibre/ropes
 

S s soil improvement/erosion control
 

T t timber
 

Distribution of species
 

X 
 mainly occurring in the ecological range
 

x 
 eventually occurring in the ecological range
 

(N) new species to be introduced into Nepal
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Latin Name I I Nenali Name Ut i lization. 
Mr (English name) 2Ecolo (see legend) 

Abies spp. 
Acer pp, 
Aesculus indica 
Albizzia mollis 
Alnus nepalensis 
Artocarpus lakoocha 
A'und naria spp. 

1 Bnga salla 
1,2 Phangaru 
1 L mpatte phangaru 
I Si-is 
1 Utis 
1 Padahar 
(3) Nigalo (mountain 

bamboo) 

x 

X 

X, 

x 
X 
x 

x 
x 
X 

X 

X 

x 
X 

x 

X x 

X 
x 

fT 
LPt 
LF 
Lft 
LFts 
ELIf 

LIS 

Bassia. butyracoa 
Bssia latifolia 
rwiuinia purpurea 
BaLhinia variegata 
Betula utilis 
Brassaiopsis alpina 
Erassaiopsis nainla 
Buchanania latifolia 
addleia spp. I 

Butea frondosa 

1 
2 
2 
2 
2 

2 

2 

Chiuri 
ahuwa 

Tanki 
Koizslo 
Bhu'a patra 

Chuletro 

Dhurse 
Palash 

X 

X 
X 

x 

X 

x 

x 
x 

X 

x 

x 
Z 

X 

X 
X 

X 
X 
X 

X 

x 
X 

X 

EfION 
EfOIM 
LiPgS 
ELFigS 
LFImrSt 
Lf 
Lf 
EgS 
L 
LfIRIIGS 

Corylus colurna 2 (hazelnut) 
Corylus uvellana (H) 3 (hazelnut) 
Castanca eativa (IN) 1 (chestnut) 
Castanopsis histrixj I Patle katus 
Castanopsis indica 1 Dalne katus 
Castanopais %ribuloides I Iusuri katus 
"Iedrala, toona 1 
Cedrue doodara 1. Debdar 
Choercspondiae axillaris Lapei
Cupresous torulosa i I Dhupi 

X 

X 

x 
x 
X 
X 
Z 

x 
z 

x 
X 
x 

Z 

X 
x 
X 

X 
X 

x 

X 
X 
X 

X 
x 
X 

X 
X 

Z 
x 
k 
x 
z 
X 

EftI 
Efiti 
EFiT 
elUs 
EI.F' 
elFTs 
F? 
ifT 
Etf 
FIT 

Dendrocalarns hamilt- (2) 
onii 

Elaeor-arpus spp. I 
Erythia-ina arborescens 2 
Eugenia .jambolana 2 
Euphorbia app. 3 
Suria cerasifolia 

Bans (bamboo) 

Phaledo 

Sihundi, sija 
Pate 

x 

X 
x 
X 
X 

x 

x 
X 
x 
X 
X 

x 

x 

X 

X 
x 
x 

elfIvS 

LFS 
EF 
HS 
L 

Ficus elavata 
Ficus jlaberrima 
Ficus nemoralin 
Ficus roxburghii 
Ficus semicordata 
Fraxinus app. 

I 

1 

Borulo godilo 
Pakhuari 
Dudhilo 
Nemarro 
Khannim 
Lankuri 

x 
X 
Z 
x 
x 

X 
x 
X 
X 
X 
X 

x 
x 

X 

X 
X 
7 
X 
X 
X 

L 
L 
L 
LZ 
LE 
LT? 
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b 

0 

1~41 

.LI Iir~eI I ame~cC6~ 
Cfn(English name) cl 

(see legend) 

Grewia so. 
1 I,3x X FRI 

Eippophae salicifolia 3 Armlito xXX E23 

il1exspp. 2 Bhok.-- z X x X L 

Juglans regia 1 Okbar X x METF4 
juniperus a-P. it 3 *x X X tFS 
Laz'ix spp. 
Liteea citrata 
Litsea polyantha 

I 
2 
2 

Sil tim-r 
Kutmiro X 

X 
zx 

X X 
X 

x 
x 
X 

!'fs 
ae1?Vd 
L?t 

'.kchilus odorotissim 
FEelia azedarach 
MicheliJa chamnaca 
lichelia dottsopa 

1 

1 
1 

Ehate kaulo 

Champ, Tsampo 
Sated clhamp 

X 

x K 

x 
X x 

x 
1 

JX Ft 
X Li'4,o 

LF 
.*.uijga ptuarygooperma 

Moru~s 
!Mucuna 

(M
?~~aalaII 
nigra 

macrocar-pa 

2 

1 
1 

Oeshi kimbu 
Ximbu 
Baldyangro. 

Xx 
x 
X 
IX 

x 
Osx 

E"f 
UfaG 
L 

Olea cuspidata 2, 3 x x X LI(o) 
Pica& opp. 
Pistacia integerrima 
Fieria ovalifolia 
Pinus excelea 
Pinus zoxbur-ghii 
Pinum gerardiana 
?opulus c12iata 
Populus euphratica (N) 
Prernna barbata 
Frincepia utilis 
Prunus ceraoidee 
Pzunmus pmadus 
Pyracantha crsnulata. 
P1yru 'aiya1 

3 
2 
1 1'ing're 58110 
I~ A-le nallo 
2 (Chilgoza) 
1 Bliote pipa.1 

1 2 
2 Ginderi (?
3 Dha~tala 
I Painyu 
2 Drkaphal 
3 Thangaru 

iyell !Jaspati 

x 

x 

2 

X 

X 

x 

x 
X 

x 
x 

x 

X 

X 

x 

X 
x 
X 
I 
x 

xz I 
x x 

x 
OIK x XK 

X xz 
X x 
x x 
X X z 

x 
x 

xI 
x 

X., 
X 

D 
(,&)Ira 
ts 

tys 
tIl-S 
Lf 
Osh 

Lf 

Eft 

Quercus inoana. 11,2 
Quercus 2Anmellosa 1, 2 
Quercus lanata 1t 2 
Quercue Bemecarpifolia 1, 

nX 
Falant 
Beanj 
Khsru 

X 
X 

x 
x 
x 
X x 

X. x 
X z 
X x 
X x 

LtP 
Lt? 
Lt? 
ZAP 

Rhododendron app. 2, 3 FRhus javanica 213Bbakimlo 
 X Lf
Rhuz at: ccedana 2,3Ebalayo 
 z X X x LftG 

Salix gpp. 1 3 Baint X X X Lit 
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4J - 4 0-4 

Laiflm atE-n am etball NJam~e (i iit jorC C E-6 

Saurauja napalensis 1 
Scbiza -llichii 1 
Sahlejchsrja trijug-a 1 
Shorea robusta j I 
Sorbus app. ll12 
Symplocoo crataegoid.,s 1 

Gogan 
Chilaune 

Sal 
IMaile 
Lodh 

X 

x 
X 

x 
x 
X 

x 
x 

X. 

X 

L 
LItF 
oI~ 

Tl.Frn 
Ltp 
LF 

Tsuga duamosa 1 11X x X T. Tif 
Viburnum corjacewii 3- Pitho char
Uitex neguado 2, 3 

Woodfo.r-Iia floribarda 2, 3 

x X 
X 

x X 

L 
1lh 

iS 

Xyloma corntroversum 

Ziziphus jujuba 
2 

2 

Maidallo 

Bayer, Jujube x 

7.L 

x EL~tSmg 
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Species or Renera recommended by Koivisto (1979) for Asia Pacific region
 
A. 
 Basically wood 	Broduction species (known in the region)
 

Conifers 
 Pinus caribaea
 
P kesiya 
 Wetter, hotter
P. merkusii 
 tropics

P. oocarpa
 

P. nigra var. maritima 
P. egdarica 
 drier. West Africa
P. griffithil
 
P. roxburghii
 

P- densiflora 
 Cooler, East Asia
 
P. koraiensis 

P. elliotti 2 Cooler, higher

P. patula 	 altitudes
 
P. radiata 


l 
Agathis dammara 
A. uacrophylla 
A. obtuse
 
A. robusta
 

Araucaria cunninghauji
 
A. hunsteinii
 

Cunninghamia lanceolata
 

Hardwoods 	 Albizia falcataria
 
Gmelina arborea
 
Eucalyptus camaldulensis
 
E. deglupta
 
E. grandis
 
E. saligna
 
E. tereticornis
 

S ietenia mcrophylla
 

Tectona grandis 

B. _Multipurpose forestry species (knon in the region) 

Acacia auriculiformis
 
A. catechu
 
A. confusa
 
A. dealbata
 
A. decurrens
 
A. nearnsii
 
A. aelanoxylon
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Appendix 8b 
Page 2 

Dalbergia sissoo 
Leucaena leucocephala 
Teruinalia app. 

C. Potential species (not widely tested in the region) 

Aleurites *pp.
 
Artocarpus utilis
 
Ceratonia siliqua
 
Durio zibethinus
 

Dyera costulata
 
Inocarpus edulis
 
Nangifera minor
 
Morus @pp.
 
Parkia app.
 
Pentadesma app.
 
Pithecolobium app.
 
Prosopis app.
 
Tamarindus Indica
 

D. Aricultural plantatio tree species withn secondary forestry uses 

Cocos nucif era 
Hevea brasiliensis
 

3. ,ilboos 

Baubusa &tundinace, 
Dendrocalamus strictus
 
Melocanna app.
 
Oxytenanthera app.
 
Phyllostachys edulis
 



Appendix 8c
 

Species fGr African savannas
 

(Source:*Laurie, 1974)
 

Climatic tvre 1. Desert - omitted from consideration
 

2. Subdesert 3. Dry tropical 

Acacia albida Anacardium occidentale 
A. nilotica Azadirachta indica 
A. senegal 
Azadirachta indics 

Callitris app. 
Cassia siamea 

Conocarpus lancifolius Dalbergia sissoo 
Dalbergia sissoo Eucalyptus camaldulensis 
Eucalyptus camaldulensis E. citriodora 
E. microtheca *E.uicrotheca 
E. tereticornis E. tereticornLis 
Prosopis chilensis 

4. Semihumid tropical 5. Humid tropical and equatorial 

Acrocarpus fraxinifolius Acrocarpus fraxinifolius 
Araucaria cunninghamii Araucaria cunninghaui 
Callitris calcarata Chlorophora excelsa 
C. glauca C. regia 
C. intratropica Eucalyptus citriodora 
C. robusta E. cloeziana 
Cassia siamea 
Eucalyptus camaldulensis 

E. deglupta 
E. grandis 

Be. citriodora 
BE. cloeziana 

E. propinqua 
Gaelina arborea 

E. grandis Pinus caribaea 
E. pilularis 
E. propinqua 

Pinus kesiya 
Tectona grandis 

E. saligna 
B. tereticornis 
Pinus caribaea 
P. kesiya 
P. werkusii 
P. cocarpa 
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Appendix 8d
 

(b) Hardwood species for lowland tropics reconended by Fenton et al.. (1977) 

Annotated bibliographies have been prepared for the following tropical
 

hardwood species:

1. Acacia auriculiformis
 

2. Albizia falcataria
 

3. Anthocephalus chinensis
 

4. Campnosperma brevipetiolata 

•5. Cedrela odorata 

6. Cordia alliodora 

7. Eucalyptus alba
 

8. Eucalyptus deglupta 

9. Eucalyptus torelliana 

10. Eucalyptus urophylla - not formally named 

11. Grevillea robusta
 

12. Melaleuca leucodendron 

13. Maesopsis eminii
 

14. Octomeles sumateana 

15. Terminalia brassii
 

16. Terminalia calamansanai 

17. Terminalia catappa
 

18. Terminalia ivorensis
 

19. Terminalia superba 

20. Toona ciliata
 

21. Tetrameles nudiflora
 

22. Eucalyptus tereticornis
 

23. Eucalyptus robusta
 



Appendix Be
 

Plants for'arid and semi-arid lands 

(Source Adams et al.,, 1978) 

2.1 THE SELECTION OF PLANTS FOR Dekmdx reViaCENTRAL SAUDI ARABIA E. redunta
 
Duraouaplumieri 
 E. salubrisThe Purpose of the 'following lists of plants is to defft I**P astrijens E. sarger,rfeof speciess based on on phtgorpialrgo.A E rockwayi E. spathulara

list Of possibe plant introductions is also given that mighr E.cfa~ni .srclnibe considered provided soil conditiotis, clmt n wate E- "mwa~eavailability are not limiuing. whenever a final plant list is 
E. transcontineflfalis 

B. dladocalyx . woodkoardiiCompiled, It isewntial that all the environmental fitM BEforruuui Ficuscmrcaand the restriction. they might impose arc an aod JarsiaF.0beforchaW. mo
B. g' o krho e ala Grgvs/iua Probusfa 

. Isaerigxta Iypheane thebaica,W~d zonefeMa :SaharoSiad. a k.rwcama Yacarausda mrnosiaelia 
TINIKn aDIO N O U S a 8.INNULksdsdooepw Melatiuca pauperifoliaAalccia albida B t07 flovepsPiigaciaatlantica Parkinsonia cudataB.I~ci'gProsopisA.-arabica chilensjsPeaopisczilgra B. mcv/caP.A. 99"4&j ramaruzoP. juliflora

.4. giraffa. R. patellris Scinus molleP.spicvgera J. ph'ixita.aA. gumWifera W'oshipwggoma filiferaP. ste~hmiana B. rostuaA. Welifera Sajv~raolsoidesA. *IJOIDC S. Ptr5*Ca INDIGENOUS SHRUBS AND OROUNDA. Paddiana Sckinus ted COVER PLA4NTShifohaus ilafregrandumA. sewiegal B. guynianu,.Tamtarix afhylla A. IaivtolinaA. sayal . mauri'anica7'. arric~lila AitabasiaaniculagaA4. tonilis . tweiaoliaT. galica A. saferaA~bixriajhdbfitsipm Gesa waharac. ramosissinma Ateamida herba-aibeA. Ibbek T'. paiserinoides aoxvon dApyl/wonA. r wJeowitEhiuuraiamtbolana If.ar"Icu4agg,.-.T'. St ri9aR4Wnnw ftswtifo/js, Turminalia catappa 
A trPlex hrJlihwW t. peii
adanit" a.gptiacaFicusbengaleuis Hf. salicorncuin7'. be//eica Caesalpiptia ilinsiiP. bevnawina Thespesia populnea lijt ropiwn dasycarpum,

C. Prndchernima. retusa mitida Ipomroea pes-cap.eVutex agnut-castus
F. rdfigiosa CathgoWM, arbomgcens Iris sityrinchiumZizyjPAksjuu C. comnosuMaerma crasuiolia Lqgcrstroemuo indicaZ. lolu: Calotropu proceraMe/lia azadarach Launea spinosaZ. maurerania Capparis dociduaMorinja aptera Z. spina-chrisui Leptaderin Pyrouec/,,ica

C. *piosaPhoenix dactylifera Limoniasj'run guyosviamNtn
Carax pkygodes L. smonopeta/u,,u
 

TREE INTRODUCTIONS Cassa lauceoa1a 
 Lycum arabicunC. obovasaAcacia cyanophylla L. perricupnCasuarina crisgata Cieodeudn rumA. farnesiana ha Mmmosonia niveaC.cunningho~iana CoromlajuneAlbizzia eiAinensit Nerium oleanderC.equiserifolia CYPerus cmnglowatusAnona cherimilo/sa Phlowrds brachai'odonC.glauca C. kavusBrachychitoi, aceqrif/a Plumeria jewutjl'ijC. la/amanii Dodonea viucosaB. grqorii P. nibraC. stricra Ephedra alataCal/istmmon citrinus Punica granalumC. tomduosa . distachyaC. lauceolaru Retama raetarnCupressus arizorkca Buphorbia ceraroides R/zanteru,, L'papfldhJ 
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Appenadix Be 
Paste 2 

~Jiuaoxyar-ati:.' Tecomaria capensti
 
;Saisolarerandra Thevietia nerafola
 
Schiia aegyplia Zilamacropira
 
S. Ian~gera Z. spmosa 
Sesbania aq~yptiaca Zygophyllumn cocdnm
 
Siedlimia rosmarinu Z. dumosim
 
Tacoima stans
 

SHRUB AND GROUND COVEY PLANT INTRODUCTIOih8 
,,*flaunandacathafic2 Lavanidula spica 
..:.'Alo spp. L. swechas
 

A rundodo'ax'-' LiPpia citriodora
 
'Afriplex nwum ia MyvpraM vpp.

BougainvilicaaP941abiiS Myrtus coMMud
 
Carpcbrclsusacinoarforav*: Pisiacia~ietis
 
C. edidi: P. vera
 
Hiisau rWsa-sinamui P!umbago capensis
 
H. ayriacu Polygonam capisanom
 
Iruj 5pp. Rosa upp.
 
Jfasminwun arabicwtn Samolinaduwaaaomisri,
 
Lansan camara Yucca glorios
 

2.2 THs sEE~CTioN n--,'succuLENr.' 
FLANTS FOR CE~NTRAL. SAUDI ARABIA
 
Hafetence: Herman jacobsca: Jiandj'ok of cxaisnt
 
Pkiants Blanciord Pres Lcmlorc 1960
 

Aeoiw Mscoblep/karum E uewaramw
 
AIMo gmu Huernia maawoarpava.
 
A. iumWia arcbica 
X. pirndsms Kalancholleretifaija
A. rubrotviolaceda Opophyn"farshl

A4- kta R-onulaahnws),Ueghr

A. tonuntara R. lineara 
As va.1Wans iravfOra
 
CpA~dimi~a advnsi R.P4aC, ,

C. awolowflora R. ump*-Mqw"u
C.atcbicg Sedun acre #pp. usqJ~ctm
C.chrvjos~ephana S. a!sm 
C. ck.,nfI4J S. alpistroi 
C. comp-nnta:. S. bornmuller
c.iljw S. lioe B da.Deaiz Zoo
C. luntni S. (ydium -A!Pryi B.ftwicosa
C-peniil.liajIa S. microiarpwn .4. to""ta E. bwdrgculms
C. quadrargula S. obluwfoliwn A. vaIla B.parciraffnmsa
C. aubukia S. palastinum Carali dmvds . schmperi
Copegi rupicoh, S. pilofum C. aneuswdflra E.SPirals
Echidnopsis biii S.sa'gunem C.'arabica. KamAscw abriu
E.P,'anifra* S. temaifoliwn ;C,.cscaiicms K. efirna
E. a"ealaa Sempervitum iranicwn C. pavlia K. lacinia
Euplwrl-a asumak Senecio "~euphorium var. oC pmO~f.VUL K. robusta
E. cacu - odoru. 'C. f~or~w K. roiwsdiiora
N. frugcosa S. pen iedus C.,mabulata K. sca4erfarB. inarticudata Suaedafruticosa c.lir ~wisaowapiru
E.parciramulowc Umbilicus inuermedius mlw da pauduphS.ici 
Buphorbia tenwvranaa U. rupestris JW~ wiaS s~u 



2-3 SELECTION OF PLANTS ACCORDING 
TOLERAS LINIY TCETYOTSLLI N T ER NCE0 


Refertece: R. 
 Firniin Afforestation, Report to The
GoV0Vr1rjznt Of KUWAit, FAO, Rome 1971 

etbwatadaa spe ie 
ai~woaat spb.ck,Pl 

50,000+ W in (Ku aitastr ain ra,I 4 OZ~ 
#4WflAraM(Ku ai an, Sustruiaajii 

C~arx lacCsapslniomAties 
AtwOnix dacyifera, Taix arit,,NW16,, 7* 

p~merndid"POPaUIN
3500Arp/cr inewdara, A. wsw",ia, y,,a4,500 

acmu, P-PisWpkwaaP.anrt,coa wp u a pk na a n , 
Temanx anani T. dasaru T. di tdaT. 

pmra , T a 

xw t- 7 .vs ." C.~ , 

nj ra . aan T.oina/s7*2,0 
A@Una p ja Wi iW a'Kj2A30,000 Am&4a~ ql, sCastnu quia jiabak ocraai anaaO 
*udsa, x aj tylagwIAYAU s,wilro'sui 


25,W AcTaa ap/zyll, Zian~ypxgii a,
~2 3, 0 i A ca aa peadida, A. a an a t n, 

&WCA4lypti sumaldga~nn,, 8, jaa'fti 

16,00 Aaesafarrga,., I. -aherna, Caulnsso, 
A,./Gus aiiacnigaga. C, urcle,

Euayuc1czndgnix, E. 'fu'addvu,, uvr
abgwoa, N. coolaba,. E. micwhogua, pogap4
d~ilwzl, P.juifiora war. tq/asiuna14,000 Acacia arabica, Albjrgsa chka#Uees, Casuarn 

AMnvamai, Clerodandro,, ime, &jcaiypjU
pmpinsana, llalorYlo,, £ahcarnicw,, Suanis, 

12,000 Acaca su-WpYI/a, Nauia latifojaa, Cajjii, 
glance, Dodoa tnscosa, Euca/YPgw kruscana 

Af~alucpupnolaMda adarac/, Puodca 
1000lbisI~tUa, hnuiaixaaoJspa, ,,yt 

anmm/alu, E.brc-O- E. corwa, E. 
ma//bodara, E occad, ilyu/az, E.$sichiandi,Facus 
cenica, F. rda/a u, Ilaaa launnpa, LgaaaPal lam'ai,m omnaRisrau var. pcrurw, 
Sal uadora a/enods,, ThAspa pvpuaga, pi,,01n'w-cailla

8,00Ceasraiasa Sgallhwa, Cajlw-nam cowmolW, 
Cas iaAI cu 7ngAWamsan, Da/barg,,, 11il,Dodbn,,a alfteala, Eui~alypguia cladocajyx, B.PlEczgWj

IOrsUana,E. rossj, E. lansdOwnuaa E. 

Page 3 

larifl a, E.La So-uffi, Eb.ro, ,Esjir 
. spathudao, /uea dudns, Terrnnjia ariwa00o Bracyciusw refori , Eucalyptus,broch,wa,;E . 

dllai E. intrfetrnuE.w )oodii,opu , 
bchealewil,Mytaninvmnais,Prpp ,i4j 

1,000 .4cada&i, A. salIpga, Agovpj.u aw,Balairites 4#typiaCa, CRptarw anZ,,kaP 
Ec l aYP tus oleola, . tor qu oa, Gr av i I , a ro hug ,
(ae - aa Prchar,afiIlfar, Taftarkdus 

5,000aj Corda m"yxo,Cupressus semp rirem war. 
ra, klaaaxrn a"Vafolia, Eualyptui 

F. casnpaspe, E. Im'icords, . 
.iadufea, E. trarucoIngimnaiu Lcaa aCuatog,

nipkratica, Terotinaaaba/eica 
Rambarnalabancum, F-a1YPtuj citriodora,

3000Popus boljaa30 Aca etatort i /i , Albizz a . / s -its u , F i DAS 
0CO morw Rob~ma Pseud~~acacra, S eahaba 

Aca" ocyaiPhY/a- A. cclopis, A. ma/feras A. 
raddiaxa, A. frauesta, A. grmaj

20 Euca hPtus tr ncornm, Hvpheae th ahica, 
P~uei4am (bu/o6X) raia. Duranta pl'mvit,
POW- bans 

, 0 Anal e a pp., &' qae a app., a / a l a i pt l gs p 
fA.ticP kesi 

2.5 RELATIVE TOLERANCE OF PLiLNTS TO 
BORON 
Reference: Saline and Alkali Soils, U.S. Siinity Lab.) 
16 

T.Mrant Semn-lern saltive 

*&,ri, 7 mjzru Juower (Native) Pecan*lid~)Potato Black walnut 
AspirAdus Acala cottcon Prin1 ji

ua otn an ich
.*J'arn*maix 'Tomato icnsaalchxu artichoke 

Date PalM swcetpea Navy bean 
. Jda.*W.7'o Radish American elmSugar beet Field pea Plum

.%lAngdl Ragged Robin rose Pear 

Al~i BaleyGrp (Suitanin and 
GIO&JUSheatMalaga)Brustibean Corn IKadoa figOnion Mulo PertnmwaTurnip Ott CherryCabbaige Zinim PeschLcuuce Pumpkin ApricotCarrot Bell pepper 71orniest blackberry

SC potato orange 
Lina bcan Avacoado 

Grapefruit
Lemon 

Iam eaea grasNP the plawafirt 'earned are.coluderiedas barny more toarangand the hut utsJore caz~uiji0v.. 



Natural distribution of species included inFAO/IBPGR trials in arid/semi-arid lands
 

(Source: FAO/IBPGR, 1980)
 

Specl es 


Acacia albida Del. 


Ag~gU zdoto (L.)Willdrex Doe 

K 

Aca senegal (L.) 1lld. 

Pro opis cineraria (L.) Druoe 
I .' spicigera *.) 

Prosopis alba Gris. 


Prosopis ohilenele (Molina) 

Stunt-


eoapisinJuliflora (Swarti) DC 

Prosopis n.g (Gris.)Riero ms 

Prosoiis tmIrURo F. Philippi 

Raoalptu camaldulensis Dehnh. 

Eucalyptus miorothesa P.Nuell. 

Acacia aneura Fl.Mush, 

Asadiraohta itdiom June. 

Distribution
 

5enegal, Gambia, Portuguese Guinea, Sierra Leone, 

Liberia, Ivory Coast, Ghana, hgo, Ilhomey, Nigeria and 
Cameroon, extending north throughout the drier parts of 
Worth Africa into Fgypt, Israel, Lebanon and Cipru t
and from East Africa (Tanzania, Kenya, Upmda), to 
Zambia, 	 Tranvaal and Natal. 

(inoluling 3 varieties)otdafo tricla u
tropLoal West Africa (Senegl, Oembiap Ivory Coast 
Ghana# 1Tgo, Dahomey, Nige.ria: Gameroarn) Rat Africa 
(Tansania, Kaeny., V ,sda),and Worth Africa (the Sahel, 
Eypt) through eastern Sudan and Arabia an far eastwards 
as IZndia. 

(including 2 varieties), charaoteriotic cf the drier 
parts of Somalia, Ethiopia, th3 Sudan 4nd.Cbad through 
to Mauritania, extending weat to Senegal Oambia, Ivory
,

Coast, Ghara, 7bgo, IDahoisy, Nigeria and Cameroon, east 
to Tanzania, Kenya and Uganda, 

Imdia, Pakistan, Iran, Arabian penisula. 

(includin on variety), extends from the plains of
 
subtropical Argentina to UrugW, PerUagw southern 
Bolivia 	and Peru. 

(including 2 varieties), from Peru and DlIvia to 
Central 	Chile ard north-western Argentina.
 

(incli-xu, g 2 varieties), from the coastal regions of 
Venesuela, Colombia and Panma, throgh Central America 
to Mexioo, as well an in the Antillean Islands (perhaps 
introduoed). 

(including 2 varioties), occurs in southern Poliviat 

the Ora" Chaoo of Argentina, ParagW and western
 
Uruguay.
 

arid mesetas in the northern provinces of Chile 

a large 	part of inland Australia, with great climatic 
and genetio variation. 

a large 	part of central and northern Australia with a
 
separated occurrence on the west coast. 

inlasd arid Australia. 

Pvraa, India (Sivalik Hills; Karnatio region- parts of 
the Deccan, south of the river Godavsri). 

')407E:-	 A limited number of additional species within the same distribution areas as the 
above could be considered for the presently proposed phase of the Project, e.g. 
Acacia tortilie. 



M.p4QM5"O. LTSTE OCRSOTAIYlae4 K5ETMLO SwNOelIA 

Acaia adns,njj 0.iill. at Parrett. - A. "ilstic. *esa"a~i..tz,~*AAacia adstrinjoms (ScJ~m.. at 	 Thecam.) a A. niletl.. ver. Gdcna..UAcci 
ACACA AMA DE 

Acacia arblest CL.)W11l. . A. nilotie, vat. !coo, to
Aced. czablev Wind. . A. milstice wat. odvei
Acaci sai* var. cdoini.am Duib"r a A. milatica war. sdensaali 
Acaciae *raic adtigiThss) k*A 1..
(Setise ofCL ) oak
Acacia arble* (Loa.) WindA. vat. a A. nilatie var. ailetiA 
Accia arable* WiliA. v. tuMO t*82 

*1"h. botgag,A.. rdltievwar. 
1C~ C. mci buehm..ea a~sA.ArX CO% morth,"ve 

eAsolecoffee Wind. va. sommylacuath, 
Awbeev. a A. palelpcontes wa. eapy1.ceds* 
Accia comylacnthe tMcgs.t. go A.Rlih. a A. poyratavw oplt 11Acaiac ctd Wind. ver. sonvylcateCtccst. as A.ItLch.) Roberty a A. polyocmidfh a. icoamtheAcacia oatch.q Out. - A. Polyseeff,. wa. comymcan.,
Accia deizieilli CloibACACIACMG 011 CRAM [I HCU. 	 a A. mocrotftyrs. 

ACACIAEMEMLA IAtWC 

ALovde faveiculat Guill. at 	 Parrett. - A. roddian.Acacia floya (Forsk.) Schs.tnf. . A. ohro.rgelom 
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Appendix 8g
 
Pase 4
 

Species under trial for plantations in dry tropical Africa
 

Source: Delwaulle (1979)
 

* not promising)
 

Eucalyptus alba (and hybrids) * Hura crepitans 
E. camaldulensis (and hybrids)
 
E. citriodora * Hyphaene thebaica 
E. crebra
 
E. microtheca IsoberlInia doka
 
E. paniculata
 
E. saligna Jacaranda acutifolia
 
E. sideroxy1on
 
E. tereticornis Jatropha curcas
 
E. tesselaris
 
E. torrellana Khaya senegalensis
 

Euphorbia balsamifera * Lamarkea acheifolia 
E. kamerunica
 
E. tirucall. Lawsonia inermis
 

Faidherbia albida Leucaena leucocephala
 

Ficus spp. Lonchocarpus sericeus
 

* Funtumia elastica Markhamia tomentosa 

* Gleditsia triacanthos Melaleuca app. 

Gmelina arborea
 
Melia azedarach
 

Grevillea pyramidalis * M. dubia
 
* G. refracta 

• Milletia laurentii
 
Guaiacum officinale
 

Guiera senegalensis Mimosa pigra
 

Gyrostemon app. Mitragyna inermis
 

• Hakea app. Moringa oleifera
 

Holarrhena app. Nauclea diderichil
 

Werium oleander
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aSe 5 

* OUItia fiCUB !Rdia 

12.1-rOcara b~rrEE
 

*i mPaacrrn~ahryl a ' Si m ondsi a -%hi nena is 
Parkia Ifricana 

pnigmni

P. ftilcoides 2 -damob 

Parknsoia a tomentasa
culataSterculj 


*Peltophorum 
ferrugineum 

Syoaimsauau
 

*Petalostyli 
3 abicheoides 

Sweetia pAn!amensis
 

Pi ioti gmlatum r n r
*P. retiuau Tama ind us indica
 

Pinu garbaeaTamarix spp.

P. halerensjiTcoaetn
 

*P. pinaster TC~ tn
 
P. Pinea 


Tectona j~d is
 
Pithecellobium dukce 
 Terminalia arjuna
 

k~p-uls sp*
* s p.*P ri lu T. carpetariae
T. t p
 

Prosopis§ africana Z- ivorensis
 
!!- t-Lil-eni-s-. mantaly
P. ciernsj 
 T. superba
 

P. mruo 

Thevetia Peruvian
 

*PteroSArpus 
erinaceus 

*Th~uja 
 orientalis 

PtilOtus 2i~lt*u 

Vitex do2niana
 

Ricinodendron heudelotii 
 * Ximenia a~mericana
 
Robinia P2-e-qdoacac ta 
 * izihus Mauritiana
 

Salvadora perA 
ca 

J 

Saanea saman
 

Schinus mo11e
 

*S. terebinthifolius
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Species recoumended for arid zones by Goor andBarney(1976)
 

Abie, cilicica 

Acacia cyanophylia 

Acacia tort ii
 
Acer negundo
 
Ailanthut 4iteUima
 
Alnur M-tcntalis
 
Aroucaria excelso,
 
Azpidop7erna quebracho-blanco) 

Azadlirach'a Indica 

Bulnoaja retarno
 
Calligonum comosum 

Csowriaa equiutvoiao

Casuarina glaucaX 


Celti u drells 

Ceraooi silquaQuescus 

Cratoegus ozarolus 

CupressIAs Darnpervwrens
 
Dalbergia ai~soo 

Elaeagnus angustifolia 

Eucalvptus camoidulentis 

Ficus Wocomorus 
Frazinuss.yrlaca
Cleditsiatriacanthos 
Crevilica robusla -Taxodium 
Holoxyl1on ammodendron 
.iuglans regia 

JL~ie~rs exe~aZizyphus 

Mfela azedarach 

Mforus elba 
J'arkivusonla aculeala 
Pinut bnmtia 
Pinus canavietasa 
Pmnus hatepensis 
Pinve nigra 

Pinus pinaster
 
Pinur pinco
 

Pistociaof lantica
 
Pintanus orientolis
 

ouueratla4 

Prosopis '-pIcigewn 

suber 

Rhus coriaria 

Robmnia pscudojccy 
Sais SPP. 
Schifo psls lnrentzli 

ciumol 

Tamorix arjicukla 
distichurn 

Tetraclanis artictilata 
Lilmus pumla 

apina-charisti 
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Tropical tree legumes of special significance as fuelwood
 

From Brewbaker et al. (1981)
 

Species adapted to:
 
cenus
 

Humid tropics 


Acacia auriculiformis, mearnsii* 


Albizia 


Calliandra calothyrsus
 

Cassia 


Derris indica
 

Gliricidia 
 sepium 

Inga vera* 

Leucaena leucocephala 

Mimosa scabrella 

Pithecellobium --

Prosopis 

Sesbania grandiflora
 

* Highland-adapted species 

Arid tropics
 

brachystegia, cambagei, cyclops,
 
nilotica, saligna, senegal,
 
ueyal, tortilis
 

lebbek
 

siamea
 

-.
 

dulce
 

alba, chilensis, cineraria,
 

juliflora**, pallida, tamarugo
 

** Mesquite is widely considered an undesirable thorny pest
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Page I
 

() Firewood.species 

described in 
NAS (1980) 


FUELWOOD SPECIES FOR HUMID TROPICS 32
 
Acacia auriculiformis 34
 
Calliandra calorhyrsus 36
 
Casuarlnaequiserlfolia 38
 
Derr indica 42
 
Gfiricidiasepium 44
 
Gmelinaarborea 46
 
Guazuma ulmifolia 48
 
Leucaena leucocephala 50
 
Mangroves 52
 
Mimosa scabrella 56
 
Muntingiacclabura 58
 
Sesbania bispinosa 60
 
Sesbantagrandiflora 62
 
Sysygium cumini 64
 
Terminaliacatappa 66
 
Trema spp. 68
 

FUELWOOD 
 SPECIES FOR TROPICAL HIGHLANDS 70
 
Acacia mearnuli 72
 
Ailanthus allsuIma 74
 
Alnus acuminata 76
 
Alnus nepalenis 78
 
Alnus rubra 80
 
Eucalyptusglobidus 82
 
Eucalyptusgrandis 84
 
Grevlllec robuza 86
 
Inga vera 88
 

FUELWOOD SPECIES FOR ARID AND SEMIARID REGIONS
 
Acacia brachystachya 92
 
Acacia cambagei 94
 
Acacia cyclops 96
 
Acacia niotica ',8
 
Acaciasaligna 100
 
Acacia senegal 102
 
Acaciaseyal 104
 
Acacia tortilis 106
 
Adhagoda vaslca 108
 
Albizialebbek 110
 
Anogeisus latifoli 112
 

Azadirachta indtca 114
 
Ca/anuscajan 18
 
Cassiasiamea 120
 
Colophospermummopine 122
 
Emblic officinalir 124
 
Eucalyptus camaldulenis 126
 
Eucalyptus citrodora 128
 
Eucalyptusgomphocephala 130
 

.Eucalyptus microtheca 132
 
Eucalyptus occldentalb 134
 
Haloxylon aphyllum 136
 
Haloxylon persicum 138
 
Parkinsoniaaculeata 140
 
Pinus halepensis 142
 
Pthecellobiumdulce 144
 
Prosopisalba 146
 
ProsopischflensIs 148
 
Prosopiscineraria ISO
 
Prosopi juliflora 152
 
Prosopispallida 154
 
Prosopis famarugo 156
 
Tamarix aphylla 158
 
Zizyphus mouritiana 160 
 Q C 
Zirynhicq -9ina-nphriip I A) 
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(b) 	 Master list of firewood species prior to selection of,60 ispecies 
for NAS (1980) 

The following species received the highest rating in replies to the inquiry sent to several hundred plant scientists and foresters before the panel met to write this report.Species chosen by the panel 'for inclusion in the report are marked with an asterisk. 

Humid Teoplca Callicampa arborew D. moluccana
 
Acaia aurfiufornus* Coloncoba j*Ziane ekteriomperimumapp.
Canange odomta Enterolobiumcylo.urpumA. culacocarpa apparis app.A. crozscarpa 	 Erythrina 3pp.C~CarapaVuineenjfsA. fiara 	 Fythrophleum Spp.CarinjW pyriformisA. koa 	 Eschwellera mexianaCAsearfk tpp.A. leucophloea 	 Rualpytus albeCata macirnthaA. polyacandia 	 E. botroldesC. ulamea*A. siamensis 	 E. brassianaC.ape tablis*A. tomentosa 	 E. camaldulen dsCasuarna cunninghemlowoaActocarpus froxinifolius 	 E. citriudora*C. equisef'foia*

Adansonia digitata 	 E. cloezianaC.lepidophloia*.4dina cordifolia 	 E. degluptaC.nobilAfzlia africana 	 E. grandis*Cecropia spp.
A. xylocarpa 	 E. microthecae

Cedrela spp..4 1lia app. 	 E. moluccanaCeiba penzar, .-a41h,:ia falkata 	 h_ pellitaCelt's app.
A. oluccana 	 E. relnifere

Ceriopsspp.A. odotisshna 	 E. robmstaOlilopW4 	 .ne'edsA.procera 	 F saligna'hlorophvu tmctolrkA.4rtrite$ mobiccana 	 E. tereticoni5C. exce ISAl /orulnois 	 . tornelfianaaloroxymn rwiecn2Citrus spr,. F urophyfla
 
4lII'mid app. Eugenio jmbos
Coccokoa sp.:0iacardiun oridentale 	 c' benghalei..Coco nucifera Garuga pinnota4nxoissur /arifolia Coffea Spp.A. eiocarpus* 	 ,GWri~ddia naculataoCombrelum app.• "'/horcplhalus eadambo 	 G.sepium*Conocarpets erectus.Inudesmaghacsombilla 	 Gmelina arborea*Cordi: spp.
4ritcarpus spp. 	 Grev llea robustaoC.ailiodoraIsPidospermaspp. 	 Grewia spp.Cratox.lon app..4tirnniun, urundura 	 Gi4atteriaferrugincaCrescenriocu/ere.huceumea app. 	 GuaZume uhnifolia*Crozon Spp. Haematoxylon cinpechianum41irennia spp.0 Cupressuw lusitankae1:adirachraindica* 	 Hem'e brasilicnsisCvnomnetra caudiforaBt',httsa app. 	 Holoptekea integnfollaDaniella oliveri Hymenocardia acida&Aphia kirkii Dendrocalainus ItricturRa1linia ma/abari~a 	 Inga spp.Derris miftrophylla

R. tolnenfsa 	 . albaDetarium senegulenseRischoffia jaapic. 	 I. edulis*Dialium guineensij8w ageopsis wiltis, 	 L laurinaD. ovoideumBfn,,,ha.r $pp. 	 . PerP.4Dichrostachys glomeragta!fr.Cuiera spp.* 	 Inocarpus edulisDilleniaspp.
(Oeflpioiasappan 	 Intsia bijugaDiospyros spp.I.'anug 	 Iryonthere hostmanlca/an * Diphysa robiniides(.Itlirndro Coiot/tprsliso 	 KhYa senegalcnsisDinizia excelsa Kvdia m'wt,'b,, 
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La"We mp, Schizoloftmjwehyba
Lcucsenj leucocephak Yecurincp &M Amwkm fivuxom. 
LibidiblacMmbew P- blrzk splen*w 84mbuw sp. 
Liconig spp. Sesbanto aeVprlc4 Bauhink Peimu 
Lindackeda nwplends firachychitonpopubmum

S zmndYfloiv* Buddleia mpp.Lumnitzera rocemL= SfercuU4 urem 
MOMMHO IPP. Swtrtzk sp. CCbalfl)icfroispbnywlckmayffu=ddfloru,,hMach4e&m nkritans & flindoides aryo SPPLMadbucs ld.ifolia & 'mdggascdrk&dsMalmea opp. astanopsissPP.Sweetto brachystachya C acumhwtitdnwMammed americalta Swkrenla msocrophylk CamodriacunninshamiaouOMantiferai"cv S. mahoxni mawome C equisertfUia0Synwhonw globuhfera C Aowhuhnkra*Mdakucakumdexdmn Syzygfum cfammft*Mekslorw spp. C luchman"Ho& guineente ceanomus $pp.Mdio aredorwh TomorindusIndw Ce&da spp.M. composito TomarapawnnoidesMichdiachompaca CercocarpusTeclortaswndis Catruln $pp.Moringaolcifem Terminalla spp.0 Ckwmomsim comphomMorus mesoz,-,gia T. pamiculatoMunlingic calabure0 atfus $pp.r tomentosaMurrvyT paniculara Coffea arabicarcfrvgvstdg Ald"ittso commlPhoro sPP.Mumnza ceaooo4kt revameks nmdi)lmvMyrisdem app. Doronskbeflus7hespeskpqmdneoNoucka diderdc*ff Cluprasusbentlififtlu7 emw subteensitONectan&V spp. C cashmerkno 

. mkronthaO
ocolea $pp. V. forbestl 

. odenfaUr*actowlessunwrond C lopeniana
oth" 7)wma w.*Olea fifricana C ludlenica7wChIliahirtaOurstea cdophylla C macnabiam7VPkrb guoyaqugends C nsacrocarvPednadexcelso Mplozhiton sderoxylonArkis spp. C sempervirem

TritlanioobovatoParkintonlaaculeato0 c londow
virex $pp.Peltophevum prerawpum DendrocclamutstrktutXimenia amedcamaPentodethrotnacrophy& Didymoponox morototoniXylij kerritPentedesma butyrwea Ddmys winferi 
XylorArAu $pp.Peryea $pp. ElgeasnusAnvulitofts
Zonthoxylum mpp, EmJYlhmthus discoideus app.Z xanthoxyloAdes Ekimlyptus albewAnus coribaea PyPhustPP.A insularis E. bicostargo

Z thyrdfloreP kesfyo F-bkkelyi
 
A mekutU E. borryoidet
Trop" HwdawsAptodento spp. Z CauphylkAced&acumimatsJVthcct*o&um dulceo F consolduleniftO

A. bailryomP. liringo E. dModorstA. coveniaP.lobarum E. cladocalyxA. dealbaWPkiank Insignis E clonianaA. de,.urrent*Pongemiaglabra* P- dconel
A. elato

fit a E. deleplensirA. mocrounthe E. diveWcolorA. mewnsiis 
jfuachapeje E.efobutus 0A. mtknoxyloitlWdlum guappa E gomphwephak*A. pycnanthe

P.cattleianunt E pon&,roA. vhcoher"arputcrinacem E gummifereAcer negundo
A indicus E krXiflorens

A. obtutifollumPlerytora&Iota E ICU coxylonA. Puwdopktanks
outrowt spP. E. macerthurf*

Ailanthusgknd6low,9 0owpa E. mwuktaAbiusformownaig. penduncularis F- no4kab-
A. gludnaw*Q. uporsefolia mwkwxyionA. /amllendt*Rhamnus $pp. xtdtiodmA. mcpalmWRhizophorsapicukto mkvftA. WddoR. candelaria ow*cteA. onlenbeftR. mantle* A. rubm*& mucroftatas E. odorataA Ifin* excdoS#Ux humboldtiona E ovalaAmorphafrudcomSdvadoorperrica E.ponicuktaAristotelischUenitsSomme samon & resinifersArouwk wD.Sdikichera oleos4 E. robustoAspidoqprr; quebmao-blonco E mlignas 
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E. terericornis Tetrmclinir drkulkt Anogetie letocairws* .trabuti! Trema orienalIs* A. penddaE. virninalis Tipuana tlpu Aryana sideroxylonE.wandoo Trevoo trinerw Artemirkl herbaelbaEugenlo sp. Ulmur pumila A. monospermaFicus palmato U. wallichiand 
 A. scopariaF. alicifolia Vernonif, baccharode Aspidospermo quebracho4Janco•Fraxinus sp. Wendrandia pp. A tiplex bracteosgGleditia triocanthos A. canescensGrevillea robusta* Arid and 85mSid Region A. leucocdadaGrewia spp. Acacia spp. Azadirachia indicaoLeptospermum %pp. A. ocuminata Balanite$aeg'pdiacaLespedeza bicolor A. albida Bauhinia reticulataL. cyrtobotrya A. aneura B. thonningiaL.maximow/azul A. arablca Bombacopsir quinateLigustrum luciduin A. aurcullfarmwt* Bratie itt. mollitLiquidornbar formosona A. baileyana Bunchotia armenfacaL. styracifluo A. brachystechya* Burked afrietmaLUriodendronfulipifera A. caffra Caesalpinia peraguarengisLithocarpus spp. A. cambqget* Ca/anus cajan 0
Macura pomifera 
 A. catechu Call/andra opp.Mayfenus boadra A.dbart. CalligonumcomoumMeil/euca Ieucadcndron A. concinna Callistemon rp.M. pubescens =A. predriana A. cyanophylaO Cape gu n stMelia azedarach A. cyclops* Cauia garrettianaNyssa aquatica A. deAlbata C aiameaOOlea africana A. decurren* C Sturtli0. chrysophvlla A. drepanoloblum Camarina crittata*0. cuspidata A. elate C decaisneana*0. europaea A. excelta C equisetifoli
Peumus bo/dus A. farned/an C glauca*Pinus cai.riaensls A. gtraffae C s7rt1tQoP coriboev A. zregii Cedrrka odorataP. elliottil A. harpophylle C/eli inteifoliaP excesa A. heterecantha C spnosaP kesiy A. heterophyllk Ceratonla il/iquaP. merkusil A. hockli loroxylon s%4etenk
 
P.nigr A.holotericeaO Colophospermum mopane*P. oocarpa A. homalophyla Combretum ghoaienzeP. pinea A. karroo C glutinoumr
P. pseudostrobus A. kempeaw Commiphora&pp.P. radiato A. lauiopetaka C africaneP.rigida A. leenthamti Cordeauxia edullsPiatonusoccidentalis A. leucophloea Cbprestus erzonlcaP. orfen alis A. litakunenuis CybLitx donnell-smithilPodocarpus oleifolius A. longifrlla Dalbergias/tooPot1 h'' .,-pp. A. macracantha Diospyros spp.1'.',mentella 
 A. meanoxylon Dodonaa viscosa
Populuw balsamiferv A. modesta 
 Erythrina renegalensa
P. betulifolia x P. trichocarpa A. rnoUitdia* Erythrophlenm artcanumP. deltoides A. nilotica* Eucalyptus albaP. grandiden iota A. nilotico subsp.adansonil E. astringensP. nigra A. nilotw var. tomentosa E. bicolorP. tremuloides A. osamvd E. blakelylQuercus sp. A. palicantha E. brock~wylQ. dilatata A. pendula E. calycogonaQ. incano A. peuce E. cmaldulendsOQ. lirginiana A. planlfrrm E. cambo RenaRobinia peudoacacia A. polyacanha zub!p.cam. F. citrodora'Salix babylonica pylacanthe E. crebraI caprea 
 A. pycnantha E. flocktonieI humboldtiana A. mddiana'Schinopsis spp. E.gardnedA. senegalenrit E. "lauctnaSchinus molle A. seyal* E.gomphocephalaSophora aponica A. siamensis .pc/IsStyrax sp. A. tomentosa & IntertextaTecoma ipp. A. tortills' E. mell/odoraT. stans A. vtctorae E. mic ';/hecoOTelismanniodendronahernianum Aibizia lebbek* E.occidentalisO 
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E. ow Lucumo peardoxaP.p1/c 
. pilu/uris LYuloma sabicu Pp dme

E. Platypus Maeru. amcefoa/iP Palmberie 
£ popincoMeloleuca leucadendron P spicigeroE.pynifann/ssubsp.youn g Me/ia ozedaroch P tpalE. robuuga Mitrogyno afiwan P. tamaniao'
 

. rudis Mono fer kentintgii P. bomruio
 

. salmonoph/lo Mo~rus n/gra Pn uaroj
 

. solubris evcrpe rnsadum 
. sticndii 0/tea eoa PterOcerpws crlauceusE. lereticornlsO Aeoz. lucenzParw~ cappcntono Quecus $pp.. ftrodonto Parkinsonria aculeo to' Q. cacciferoE fonquoto Pinas bria' Q.farneigoE. vlminolis* P.cananiensisFkcut XpP. . puboscens

P. edulf Regamw roczinmCeoffroee decoricans P. edarwa Rhonteriun, epapposuotnGledlul trio Lanthhs PAhalepenii, SWdra pers/coGmdIllw arbora' P.ApiweaGrea'Ulea prerosperma Schlaus molIcThiocia lenniscu Sclerocarya b/rc,Blakca leucoptera AP. olaetglna Stercidia sedgeroa

Hohyllum'p P. tentbinthui Tumanix spp.0


P.fhylsmt/ecelloblum dukce*H. penicum'0 Popehox mocrantho 7~.aphylka'T. ansuu/la'HeteroMeco gbaxillaric Prosopis chticana T gal/ic aHyphoene thebalca P. albasImpo fey/ici T meyw'nP. blanco T.pasnrno/desrIsobenitlo&zie/// P.cc! denio T.rsm/lctaL. doko P. u/ilenfis'PJacarwnik actihfa//a Terminagi, xlaucescens'P. cirnwia' r toinvotosaJug/ins neotrop/co P forego'
Kougeodenaronferreum ZIzyphus abysshijca

A. feroxLanncea cofomandefico 7-Pujba ' A. giandulota Z. mounmana'oL sahimperi P.inermisLeucodendnron angerigeum Z. nuinmuio,/aeP /u//flora' Z. spina-chfisgi'Lophka lanceoa P.nigv Z. ivulganjs 
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Rage 6 

Some-Australian species, other than eucalypts, with potential for
 
fuelwood (and nultiple-use) in humid tropics, tropical highlands
 
and the sub-tropical 

Source: 


Humid tropics 
Acacia aulacocarpa+ 
A. auriculiform + 
A. bakeri 
A. incinata 
A. crassicarpa 
A. hylonci.na 
A. mangium+ 

Acmena smithii 

Agathis robusia 

A ilanthus ipp. 

A ibizia spp. + 

Alphitonia petriei+ 

A. whiei 

Alstonia nzuellerana 

Argyrodendron spp. 

Banksia dentata+ 

B. integrifolia+ 


2. Tropical highlands
Acacia dealbata 
A. decurten 
A. ncarnssi 

Agathir spp 

Aleurite moluccuna 

Alphitonia rxcelsa+ 
A. petriet 

Alstonia scholaris+ 

Araucaria bLdwillit' 

Backhousia ansata 

Caltcoma serratifolia 

Callitermon salgnu 
Callitrts m Ica)'a na 
Cas..arina cunningharrunna+ 
C glauca 
C. forillosa 
Chori'arpu .iubargentea 

3. Arid/semi.arid sub tropical regions" Acacia ancra 
A. brachysiachva 
A. cambaget 
A. cycopi 

arid/semi-arid reions. 

Boland and Turnbull (1981)
 

A. estrophiolata + C. luehnainii 
A. fosctculifera Codonocorpus spp.
A. hoh)sericea Dodonaea viscosa 
A. pleciocarqa Ery*thrina ersperttho
A. pot'vtachy, +. Erythrophh'wn rhlorustachys
A. shirleyi 1indersil Inacilosa 
A. tumidi Grevillea parallela
Alphitonta CAceha + 
A. philippense 

A Ltana actinophyllh 
A. constlricta 
Atalaya heiriglauca 

Caplparis sp.
 
Cardwellia sublimis
 
Casuarina equisettfolia+
 
Cassia spp. +
 
Commersonia bartratnia
 
Celtis sp.
 
Croton spp
 
Diospyros spp.
 
Elaeocarpus grandLr
 
Euroschinia falkara
 
Afacaraniga tanarius +
 
M. subdentata 
Pi/jecellobium spp. + 
'letogj'niuiniitnorenwe 

Terminalia jericocorpa 
Tieghemopanax murraow 
T elegais
 
Treina orientals +
 
Vitex spp. 

°Diplogloua.m australis
 
Flinde'rsia bouriotiana 

('rvil'h,a thiwia 

G Ihilliall+ 

G pinnarihla+
+ 

° Mat'adantaspp. 
Mallutat patticulatus 
M. philiply'r$i. 
M. rncinoides 
Melah'uca leucadendron 
Oreocallis wickhamii + 
Orites eAcelia+ 
Syncarpla glomulhfera 

Brachycliton popubiets-
B. gregurii" 
Callitrs sP. 
Casuarinacristata 

Trema orientalis
 
Tristania conferta
 
T laurina
 
T. neriifoha
 
Xanthoremnon spp.
 

Grevillea striata" + 
G. pteridifolia 
Hakea leucoptera 
H. subcrea *+ 
Lysiphyllurr cunningharnii 
Me/aleuca viridiflora 
Melia qzedarach 
Parinari nonda ° 

Svz)vgiunm suborbiculare 
Terminalia platl.phylh 
T. volucri 
Tristania suaeolens 
T. grandiflora 

fruit, "* fodder. + high priority species for seed collection and testing overseas. 

*0"
 

http:hylonci.na
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Species for tropical plantations (included in Webb et al. (1979)
 

and to be included in second edition, mid-1983)
 

Acacia albida
 
Acacia auriculiformis
 
Acacia cyanophylla
 
Acacia cyclops
 
Acacia decurrens
 
Acacia farnesiana
 
Acacia mangium
 
Acacia mearnsii
 
Acacia melanoxylon
 
Acacia nilotica
 
Acacia pendula
 
Acacia salicina
 
Acacia senegal
 
Acacia tortilia
 
Acrocarpus fraxinifolius
 
Agathis dammara
 
Albizia falcararia
 
Albizia lebbek
 
Alnus acuminata
 
Alnus nepalensis
 
Alnus rubra
 
Anacardium occidentale
 
Anthocephalus chinensis
 
Araucaria angustifolia
 
Araucaria cunninghamii
 
Araucaria hunsteinii
 
Aucoumea klaineana
 
Azadirachta indica
 
Bombacopsis quinata
 
Brachychiton populneum
 
Butyrospermum paradoxum
 
Calliandra calothyraus
 
Callitris glauca
 
Callitris columellaris
 
Campnosperma brevipetiolata
 
Cariniaria pyrif.rmis 
Cassia siamea
 
Casuarina decaisnear.
 
Casuarina equisetifolia
 
Casuarina glauca
 
Casuarina junghuhniana
 
Cedrela odorata
 
Ceratonia siliqua
 
Chlorophora excelsa
 
Cleistopholis glauca
 
Colophospermum mopane
 
Conocarpus lancifolius
 
Cordia alliodora
 
Cryptomeria japonica
 
Cunninghamia lanceolata
 
Cupressus arizonica
 
Cupressus lusitanica (including C. benthamii)
 
Cupressus macrocarpa
 
Cupressus torulosa
 
Dalbergia sissoo
 
Delonix regis
 

Cjb 



Elaeagnus angustifolia
 
Eucalyptus botryoides
 
Eucalyptus brockwayi
Eucalyptus camaldulensis (Northern Provenances)
Eucalyptus cama]dtilensis (Southern Provenances)

Eucalyptus citriodora
 
Eucalyptus cladocalyx
 
Eucalyptus cloeziana
 
Eucalyptus crebra (Inland Provenances)

Eucalyptus dalrympleana
 
Eucalyptus deglupta
 
Eucalyptus delegatensis
 
Eucalyptus fastigata
 
Eucalyptus globulus

Eucalyptus globulus subsp. maidenii
 
Eucalyptus gomphocephala
 
Eucalyptus grandis
 
Eucalyptus intertexta
 
Eucalyptus largiflorens
 
Eucalyptus maculata
 
Eucalyptus melliodora
 
Eucalyptus microcorys
 
Eucalyptus ricrotheca
 
Eucalyptus nitens
 
Eucalyptus obliqua
 
Eucalyptus occidentalis
 
Eucalyptus paniculata
 
Eucalyptus pellita
 
Eucalyptus propinqua
 
Eucalyptus regnans
 
Eucalyptus resinifera
 
Eucalyptus robusta
 
Eucalyptus st. 
johnii
 
Eucalyptus saligna
 
Eucalyptus salmonophloia
 
Eucalyptus sargentii

Eucalyptus sideroxylon (Inland Victoria Provenances)
Eucalyptus tereticornis (Queensland and New Guinea Provenances)
Eucalyptus torelliana"
 
Eucalyptus urophylla
 
Eucalyptus viminalis
 
Euphorbia tirucalli
 
Ficus benghalensis
 
Gleditsia triacanthos
 
Gliricidia sepium
 
Gmelina arborea
 
Grevillea robusta
 
Haloxylon aphllum
 
Sa a-nda copaia
 
Jacaranda mimosifolia
 
Khaya senegalensis
Leucaena leucocephala (Hawaiian type)
Leucaenn leucocephala (Salvador type)

Liquidambar styraciflua
 
Maesopsis eminii 
Melaleuca leucadendron
 
Musanga cecropioides
 
Nauclea diderrichii
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Ochrcm a pyrawidale 
Octomeles sumatrana
 
Parkin biglobosa
 
Parkinsonia aculeata
 
Paulovnia tomentosa
 
Peltophorum pterocarpum
 
Pericopsis elata
 
Pinus ayacahuite
 
Pinus brutia
 
Pinus canariensis
 
Pinus caribaca var. babamensis
 
Pinus carib~ea var. caribaea
 
PinLs caribaea var. hondurenuis
 
Pinus chiapensis
 
Pivus elliottii var. elliottii
 
Pinus gregg.i
 
Pinus halepensis
 
Pinus kesiya
 
Pinur mirkusiana (Continental Provenances)
 
Pinus rrkusii (Island Provenances)
 
Pinus michoacana 
Pinus montezumae
 
Pinus occidentalis
 
Pinus oocarpa
 
Pinus palustris
 
l inus patula uksp. palvfo. 
Pinus patula vat. tecunmmanii
 
Pinus pinaster (Portuguese Provenances)
 
inus pinea
 
inus ponderosa var. arizonica
 

Pinus pseudustrobus
 
Pinus radiata
 
?i.us roxburghii
 
Pinus taeda
 
Populus deltoices var. deltoides
 
Frosopis chilensis
 
Prozopis cineraria
 
Prosopis juliflora
 
Prosopis tamarugo
 
Robinia pseudoacac ia
 
Roseoden.ron donnell-smithii
 
S ix 'ylonica var. sacramanta
 
Samauca saman
 
Schinus molle
 
Schizoobium parahybum
 
Sesbania grandiflora
 
Simmonrdsia chineasis
 
Swietenia macrophylla 
Tabebuia roser. 
Tauarix aphylla 
Taxod iuu di st icbum 
Tectona grandis 
Termina.ia brassii 
Terminalia calamansanai
 
Terminalia ivorensis 
Terminalia superba
 
Toona ciliata var. australis
 
Trip]ochiton scleroxylon
 
Zizyphus Fpina-christi 
 C b 

http:Termina.ia
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Trees and bamboos for ixttegrated landuse systems in Malawi
 

(Source: Personal communication, I.D. -Edwards,Forestry Research
 
Institute of Malawi)
 

Acacip 
 Idermitis
 
A. albida 
 Julbernardia paniculata

A. polycantha 
 Kigelia africana
 
Acrocarpus fraxinifolius 
 Kirkia acuminata
 
Adina microcephala 
 Leucaena leucocephala

Afzelia quanzensis LonchocaiPus cappassa

Albizia 
 Maesopsis eminii
 
A. amara 
 Markhamia obtusifolia
 
A. glaberrima 
 Melia azedarach
 
A. gumnifera 
 Monotes africanus
 
A. lebbekk 
 Morus app.

A. versicolor 
 Oxythenanthera abyssinica

Amblygonocarpus andongonsis 
 Parinari curatifolia
 
Azadirachta indica 
 Parkia filicoidea
 
Bambusa vulgaris Pericopsis angolensis

Bauhinia petersiana Pinus spp.

Bauhinia thonnigii Pseudolachnostylis mapronueifolia

Borassus aethiopum PterocarpuB angolensis

Brachystegia 
 Pterocarpus rotundifolius
 
B. floribunda 
 Sclerocarya caffra
 
Burkea africana 
 Solanum aculeastrum
 
Caesalpinia decapetala 
 Strychnos innocua
 
Cassia siamea 
 Strychnos spinosa

Cassia spectabilis Terminalia sericea
 
Cinchona sp. 
 Toona ciliata
 
Colophospermum mopane 
 Uapaca kirklana
 
Combretum 
 Ziziphus mauritiana
 
C. imberbe
 
C. ternifolium
 
Cordyla africana
 
Cupressus lusitanica
 
Dalbergia sissoo
 
Diplorhynchus condylocarpon
 
Entada abyssinica
 
Erythrina abyssinica
 
Eucalyptus spp.
 
Euphorbia turicalli
 
Gliricidia sepium
 
Gmelina arborea
 
Grevillea iobusta
 
Hardwickia binata
 
Hyphaene Spp.
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East Pokot agricultural project: tree planting surmary 1978-1982 

(Personal communication, E. BarrowAZ 

Species Comments Species Comments& 

OAcaci-_ albida* Zizyphus mauritiana* 1,3,6

0Acacia tortilis* 2,3,4 Zizyphus mucronata
 
*Acacia senegal* 2,3,6 Ceiba pentandra

Acacia cyanophylla 1,3,4 0Balanites aegyptiac* 2,3,4,5
 
Acacia halosericea** 1,3,4 °Balanaites orbicularis
 
Acacia aneura 2,3,4 Leucaena leucocephala K8* 1,4,5

Acacia salicana 2,3,4 0Adansonia digitata 1,3,4


0Acacia eliator* 2,3,5 Ceratona siliqua 2,3
 
Acacia victoria Bauhinea purpurea
 

*Ac~cia me'lifera* 2,3,6 0Tamrindus indica* 2,3,4

Eucalyptus camaldulensis 1,3,5 Erythrina rotunda
 
Eucaluptus citriodera 0Salvadora perssa

Eucalyptus microtheca 1,5 Atriplex tummularia 1,3,4
 
Eucalyptus wandoo Atriplex halimus
 
Eucalyptu, astringens Simmondsia chinesis
 
EucalyptLs torquata 
 Casuarina equisetifolia 1,5

Eucalyptus fernestina 
 Schinus molle
 
Eucalayptus torquata Stylosanthes scabra
 
woodwdrdii 
 Conocarpus lancifolius
 

Prosopis cineraria Moringa stenopecla
 
Prosopis juliflora *Delonix elata*
 
(Baobab Farm, Mombas3) 1,3,4,5 °Diospyros scabra
 
Prosopis juliflora Bombax spp

(Israel ,Ben Gurion) 1,324,5 Guava
 

Prosopis chilensis* 1,3,4,5 Cashew
 
Prosopis pallid3 1,3,4,5 Mango, Orange, Pawpaw
 
Cassia sturtii* 2,3,4
 
Cassia siamea* 1,3,7
 
Cassia spectabilis
 
Parkinsonia aculeta 1,3,7
 
Azadirachta indica 

0 = indigenous * lots of seed available * = some seed available 

A E. Barrow, East Pokot Agricultural Project, Kositei, Nginyang, P.O. 
Marigat, Nakum, Kenya. 

2 No comment = not worth cr-renting on! 

Comments Code
 

I.....Fast growing 
2.....Slow growing
 
3..... Drought resistant
 
4..... Fodder
 
5.....Timber and fuel 
6..... Live fencing
 
7..... Shade
 

Oil
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List of Indigenous Species for Kenya
 

(Source: 


LEGUMINOSAE 

Acacia albid 

Acacia abyssinica 


Acacia adenocalyx 


Acacia brevispica 

Acacia cla';igera 


Acacia etbaica 


Acacia lahai 


Acacia mellifera 


Acacia nilotica 


Acacia polyacantha-


Acacia recifiens 


Acacia senegal 


Acacia seyal 


Aca cia tortilis 

Acaci a xanthophloea 

Albizia antbelmi+-"-a 


Albizia coriaria 

Albizia grandibracteata 


Aibizia gummifera 

Albizia zygia 

Enteda abyssinica 

Mimosa pigra 


Newtonia buchanani 

Newtonia paucijuga 


Parkia filicoidea 

Adenocarpus mannii 

Cordyla africana 


Craibia brownii 

Owino, 1983)
 

Dalberg'ia melanoxylon
 

Dalbergia microcarpa
 

Erythrina abyssinica
 

Erythrina burtii 

Erythrina excelsa
 

Indigofera arrecta
 

Lonchocarpus bussei
 

Milletia dura
 

Milletia usambarensis
 

Mundulea sericea.
 

Ormocorpum kirkii
 

Sesbania sesban 

Tephrosia elata
 

Tawarindus indica 

Trachylobium verrucosum 

Julbernarda magnistipulata 

Erythrophleun guineense 

Cynometra webberi 

Delonix elata 

Cassia petersiana 

Brachystegia spiciformis 

Bauhinia tomentosa
 

Afzelia quanzensis 

Acacia gerrardii
 

Acacia kirkii 

Crotelaria laburnifolia 

Piliostigma thonningii
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MULTI-PURPOSE SPECIES 

Adansonia digitata Cordia milleni 

Anacardium occidentale Euphorbia tirucelli 

Balanites aegyptiaca Ficus sycomorus 

Borassus aethiopium Markhamia hildebrandtii 

Casuarina equisetifolia Markhamia platycalyx 

Chlorophora excelsa Markhamia zanzibarica 

Chrysophyllum albidum Morinfa- oleifera 

Commiphora africana Terminalia catappa 

Commiphora trothae Trema guineensis 

Cordia abyssinica 



Seed available from National Academy of Sciences for Sahel trials
 

Species. 

Field Crops 

*1. Amaranthus 
cruentus 

*2. Amaranthus 

hypochondriascu 


3. Phaseolus 

acutifolius 

4. Paophocarpus 
tetragonolobus 

S. Tylosama 

esculentm 


6. Zoe m 


Trees and Shrubs 

7. Acacia albid. 


New Accessions
 

OMon Name 

Grain 
Amaranth 

Grain 

Amaranth 


Tepary Bean 

Winged Mean 

Norama Been 

ApPle-ring 


Acacih 


Supplier 

Podale Reearch 
center 

oIl Research 

Center 


eal@ for Billions 

University of Florida 

Southwest Texas State 

University 


Univeraity ot Florida 


IBRA/tNl, Seonegal 

aimber 

R104 


K103 

ypt-I 

82/590 


Origin 

exioo 

exion 

Sells, Arizona 

Kalaharl desert 

Southern lzisons 


Nayobe region, Senegal 

Comments 

Mexican qraLn-type amaranth. High-protein 
grain, protein-rich leaveas fast growing; 

daylength neutral.
 
Nercado grain-type maranth. Nigh-protein 
grain, protid-rich leavess fast growing.
 

Vrought-tolerant crop. 

Idible seedas pods, leaves, and roots: 
edIble see oil, livestock ftedi relatively 

high water rwquirements.
 
Udiblo tuber and seeds, oil, browset drought
 

tolerant.
 

Currently out of stock.
 

Cbmes into leaf at the end of the rainy season
 
and remains green during season.
the dry Boil 
conservation, livestock feed, tannin, easily
 
carved wood. 

Iox 

F... 

0 



9. !_-t"w& _ _ tgea mo1w muth Uslee,Australia Currently ot of stoc!:. 

*9. 

10. 

11. 

12. 

A. berlendleri 

A. ceabaQal 

A. frneatana 

A. ligulat 

Skaillo 

clog" 

Oe~t AoncI 

Urmbralla Bush" 

Pe.AS Department 

of Walth 

COINo, Australia 

CSTUO, hietralla 

CAM, ustralia 

13495 

11147 

1342S 

MOIleft cbwty, YOMAD 

Oweenaland, Aiutralia 

New Snoth Vaela, 

Astrali. 

bort.ern .rritory, 

ft-.e hony productia.,. fuel. 

Currently out of stock 

Wood for fuel and p-ets, tannin, 

vuellaqe, fodder, living fence,. 

Oirrently rmt of stoct. 

gum for making 

I]. A. linaOci0de C"TO, Australia 11506 WasetrR Australia &il oommervation. 

14. A. wilotica Wqyutivn Thorn IMSR/Cw", yoel 51/44 bodle aries, Sezievel ftdtl, conatruction, fodder, tannin, y'in. 

IS. 

16. 

1?% 

IR. 

A. nilot.ioe 

var. tCM&anto* 

A. r Lana 

A. oallcina 

A. &*Ol 

Plarella lbai 

C10ba 

Qa A'abic 

?aa/aw, RuOe"I 

lL w S,menega l2/59g 

MUID, Australia 

7r3S/aglp, Sea la2/591 

0/597 

13379 

ae.e VrgIou. GsenmaI 

Mau.ba :ree, Se"I 

Weatern Abstrais 

Mortherm futlo. Seesgal 

P'.], living fernce and wvindreeks, fodder 

t*nnin, 9. 

ftel, construction, fodder, sand control. 

neal, Poll convervation. 

fuel, const'ructto", g m arabic, fodder, 

19. 

20. 

A. 

A. 

tMMI9a 

victort-e Pricklr Vttle 

0 

(1IM, 

Australia 

Austrelia 

11498 

13271 

Weatern Australia 

s~n.land, Anstralia 

moll -o 

Cirrontly 

Currently 

reavaticn, edibi 

out or stock. 

omt of stock. 

e"-da. 

2J. Mantonin baobeb )IMN/XUu, wenegal 92/603 3,ndia. Senegal Fod, berk used to mako note and paper. 

22. Arogeissus 

- "pashen, 
IPulw, Renegal 02/571 Moull. 3enegal Pence poets, 

71e1 
construction 

potash. 
and voodLworking, 

h> 

O



23. 	 Argent& !Zinoma 

24. 	 Atriplex 
canescens 

25. 	 A. nummularia 

26. 	 Nalanites 
aegyptlmca 

27. 	 Contrusemi op.* 


28. 	 C. brosilianun 

29. 	 C. paecuorm 

30. 	 Conocarpus 

lancifolius
 

31. 	 Cordsauxia edull 

32, 	 Desmanthus 

virgatus
 

33. 	 Kucaly tuo 

brockw y l
 

34. 	 3. cmaldulensis 

35. 	 Z. camaldulensim 

36. 	 3. camaldulensls 

Argan 	Tree 

Four-ing
Saltbash 

Old-mar 
kltbush 

Desert Date 

Centro 

Dames 

1.-ob 


Dundae Mahogany 

River 	Bad Om 

River Badm 

River Ned Gum 

Foreat Service, MNcoo 

Tmedi 	 Tach University 

Western Australia 
Dept. of Agriculture 

l3PtA/CK4W, Senegal 

CI$O, Australia 

clmo. Australia 

eobeab 	 Frm, ony 

Saobab Farm, Reny& 

C8IR), Australia 

C81IA, hastsalia 

9111O, 	Australia 

CW O, hustrauia 

CNIG, Australia 

7717 

hoc 
Wa-/l961 

82/602 

GSWstUa)Ie£5967 


SS696 

5497 


65947 

12266 

12104 

12346 

13475 

1mnar, Norooo 

western, 5Wras 

Western Australia 

Louga 	region, Senegal 

Progreso, Rquador 


Petrolina, Brasil 

Petrolina. Braall 

Mombasa, Wanya 

omobsse, Mrnya 


Salinas, Ruador 


Western Australia 

Northern Torritory, 
Australia 


Western Australia 

Queensland, Australia 

Oil, oeStrUCctfI, onareot zru. am ne 

sates b? cattle and goats.
 

bromn, ground cover. 

Brose, ground cover. 

Corntructlon, edible fruit, broveet emulsion 
from the fruit in lethal to the snails which 
or* intermediary hosts of achistois1t and 
to the water flea that carries the Guinea

worm disease, i used to poison fish. 

Orrently out of stock.
 

Browse shrub. 

Drowe shrub. 

CbnAtruction, oharcoal, fodder. 

Currently out of rtock. 

Currently out of stock. 

Savlogs, posts, firewood. 

Cappices velli poets, poles, piles, fuel, honey
 
production.
 

Sme as above.
 

Saom am above.
 

Ji. 
Go 



__ 

1
 

37. 3. taterteste RIled Pled TIOX 

~~ RUvrLae38. ~ ~ ~ ~~ 
2roztarW
 

39. K. pmiecothecs rloC.C~2 Dex 

40. 3. sicrothera Floded Box 

41. 1. occlIdentaiIAP rjgtTtpped Yae 

42. 	 M. oles tmarrov-I'mamed 

ar. o1q.C-Aa Giant 14a1se
 

43. R. tq~rnr*IJ@i ~W, 

44. K CebeenCSIR4,
tesellars 


45. K. tocaocoral-IrlScdr~ 

kf.5 GooI res 

47. Lomae~ Luas" 

45. L.iouocplv1a Leuceew. 

49, L.1u~p~ aceaUniversity 

so Leucsena..j~pae 


lucf~aIIOniersty51. . lueoo~*il5 

52. MeottK sirto 

53 1. trpupreia S~arocsIUO, 

Com 	 fAwstralia 

~ ~utaaila~OenaIad,CI, ~ ~ 

Calo Australia 

C81Rfl, Astralia 

C IPO, humtra1i5 

mm Australia 

uta 


b.untraliSmiS 


comW, 	 anstalift 

iman1, 	 CQ!LX 

Ublveralty of Novell 

Uiniversity of VAmll 

of Ue&ii 


University of Hawaii. 

"nivey 


of 11kvaf 1 

CRI). Aiustralia 

Australia 

1173S 

~ 151.mlQ.!e 

12946 


13360 

9806 

12310 


119f-6 


10104 

W76 


38 

KXM 


X67 


300 


OS00 


Sirat To 

11* ftft sales, 
Aultro118 

A'Itral11 

QsOfelsn0, Ausitralia 

Westera Australia 

114.stOY Australia 

*M.th Australia 

Neulana. atraiC 

Queenqlsad, ?Astralias 

Western ftistreL& 

iieucoestal 4esert 

acate'ca Mexico 

werift, flexico 

Brnnta Cruz Porillo, 

m~~~~~alvador 


MAutrAillmunfg5t 

Cabo San Imc~as, MexicO 

Puel, walterblts. 

ftol, honey prodnction. 

ruel, pal** £04 poets- coiwervation.
 

Saae a above.
 

PuelVOOd, timber, *bad-.
 

Conutructio1n, fuel. essential oil, honey.
 

Ieaod hap" 

auliooil, honey produ1ction, 

OrIs~whtl plalmtinge honey PU~t'O" 

poultipYla us. 

CUrrently ot cf stock-


Fuelvood, forage, comstrmction, moll
 

loelvod forage. &oil conservation.
 

$a"e AIL abo"Ve.
 
*anahf'frg utvr
 

frg utvr
 

currently out Of htOck-


Browse 	 shriub. 

co 
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54. 
54. 

56. 

57. 

5S. 

59. 

60. 

61. 

63. 

64. 

65. 

66. 

67. 

*68. 

69. 

. t_ 

. rtil 


MItrazno ./omis 

Farkinsofnl 
aculeata 

Phaeolus 

filiforuis 

Froso p. 

ProsopIs op. 

. of 'rican 

P. albs 

P. alba 

P. lba 

P. 	 alamduloeC 

p landulosa 

1. laSndulo-a 
var. planduloss 

1. slanduloss 

var. tlnduloosS 

1. Julifloro 

Horse-oban Tree 

Algarrobo Blaseo 

Algarrobo Blmeo 

Algrrbo Dlaneo 

money Mesquite 

Honey M4esquite 

Honey Msquite 

Honey Mesquite 

msquito 

CS33, AustrSli 
CS , ustralia 

IS&A/CRJ, Senegal 

ISRA/CNIU, Seneal 

CSIRD, Auetralia 

University of California, 
Riverside
 

University of Califotna,Riverside
 

ISRAICi, Senegal 

Teea. AI University 

Texas ""! Univelity 

University of California, 
Riverside 

University of Arisona 

University of Arioa 

University of California 

Texas Department of 

Health 


ISUA/CRIP, Senegal 

49780 
55783 

62/604 

S0/258 

S005 

PC 004 

PC 005 

106 


0166 


0388 


3 	053 

A 

a 

PC 032 

79/194 

Bahia, Brazil 
?etrolla, Brasut 

Nandia, Sametal 

andis, $s*"Sl 

La Par, Iaxico 

Maur-Nmctar, senewa 

Argentina (2) 

Argentina (1) 

Argentina 

Taws, Arizona 

Tuma, Arizona 

Santa Ana, Me1xio. 

Southern Texas 

Dro &Drum. 
currently out of stock. 

Virnood, medicine, fish baekts. 

lel, erosion contt"l, fodder. 

CuTrently out of stock. 

Curritly gut of stock. 

Currently o"tt of stock. 

Charcoal, tsnin, construction. 

Fuel, timber, fodder, food, amenity planting. 

Bame a above. 

Currently out of stock. 

Currently out of stock. 

Currently out of stock. 

Currently out of stock. 

drowe, food for busanconsueptio, fuel, 

posts, honey production. 

Tszlwood, construction. fodder, food for 
human consumaption, Sun, honey. 

> 

C6 
Co 



70. P. vlutina 4.lvet Nesquite University of Arizosa 161 Tesoa. Arisons Currtly *at of stock. 

71. P. velutina Velvet Meqtite Uniwersity of Arisopea 163 TWson, Ariss Currently out of stock. 

72. P. valutin Velvet nsultte University of Artmen 1" Tweson, Aritnea Currently out of stock. 

73. P. volutIng Velvet Mesquite University of Ariosa 6I Tueso., Arilcna Currently out of stork. 

74. P. velutina Velvet Resquite University of Arisona 171 Ugat of Tocson, Aritons Currently out of stock. 

75. P. velutina Velvet Mequl. universit-y of Arlsome 172 ?uesou, ArTIona Currently out of stock. 

76. P. velutina Velvet Mr6qnite Texas AZI University 0.57 riteville, Tax" Currently out of stock. 

77. r. velutina Velvet vkaquLte Uhwvwrsity of Califorcla PC 015 Arisen Currently out of stock. 

RAIvorelid 

Ia. sinn"ias 
chloss eis 

Jojoba University of Arf.eme Ucitherm ArlIena Liquid w=i; 
tolerant. 

brovee; slt tolerant, drought 

79. St loneuthas cMD,Astralia Tarao Coestal South merics rows shrub. 

go. S. scebra CAIW, Australia Q10042 Rlahe, Brasil Browne shrub. 

8i. S. scebra CSTIW, Australis Fitroy browe shrub. 

82. S. sc bra C590, Autrala Sara rnvua shrub. 

83. S. . 5 .podialis CSII), Australia 67703 Coantal squador Ir' we shrub. 

84. Tarcbonanthue 
czuplNratr s 

Caq4+or limb Nola* Herbarim Bloemfontein, 
Africa 

South Fuelvood, fodder, windbreaks, 
wood, medicinal uses. 

teruite-rosatant 

h
 
C' 

Z_'
A: 





-- 

Uses, local nares, and location of iome species in Maiaysia Table 8n. I Appendix 8n
eci, P,-sent/su ,esteduses Local . Loction 
&rnbuc aound acea Penang. ,ing porc Botni Grdns 

Page I8 blumeana - Bulob duri Penang. Selangor (Kepon&). Pahang (Pekan)
-
 buloh sloh buk;t:fauytrren 	 Kcdsh. Aloe Star. SingaporePicket fences, garden stakes, trellises. Buloh pagar Uirigirully from Japan and Chinabukets, ornamental and hedge plants aA heeossorArv -
 Buloh tilan/minyakl/ Perak. N Sembilan, Melaka, Johore.
 

B Alasto- peringpcnr.sat Singapore
 
Kedah, Perak (1000 m)
B Pro'gira - Buloh perindu

] 	 Pahang. Cameron Highland. Seiangor,mnlongUlu 

Ser'nnkok
monta 

-ft pauri/orn 	 Penang Hill. Kedah-
R rdlet' 	

Buloh pads Pahang. Fraser Hill 
-
 Buloh akar Pahang. Singapore8 1pinnso building purposes, basktts, mats, hats A8 venirt oo-	 

- Originally from ChinaB. vu,%-ari Furniture, paper, pulp, shoots. Buloh minyak saol All Over Malaysia
landscaping a.bB .'rOI 	 aro/betingipan-

Drndocalamuiaper Laminated trays, plywood, 
uloh sumplitan Perak-Gunong Inas (IM02000 m)veneer. bridyes, Buloh beting Cultivated (or shoots all over; Peninsularfences. water vessels, racks. sables, chairs. Malaysiacages, fish tireps.shoots a.h 

tDsions 
-
D1tlruans 

a a 
Kedah (Baling Hill). Langkawi
 

fD.htfrtl-j Kedah. Pvlau L.angkavi, Penang
 
i)hienlls Buloh betong Originally from Burma
- Buloh kapur1) pendtlus 	 Johore. Perak (Taiping), Kedah. KelantanBasket making

1) tinutlIi 	 Perak, Sclangor. N. Sembilan- Buloh akarD sirnr'hi 	 Perak, N Sembilan. Trengganu. Pahang 
- Originally from Indiaineswhalo seandrii Rope makingb Buloh akar Perak


Gigr~rjsio-A ba ip Structures beG apI 
- SeLangor (Serdang). Singapore Botanic GardensGI habafhana 
- Penang. Singapore101'fbla - Buloh pahit Kedah. Perak. Pahangi. 	 -
 Buloh bisa SeLangor. Melaka, Johore, Singapore
-
 Buloh tikus/biLalai Perlis, Kedah. Perak,t;m~r~ma 	 Pahang. Selangor. 

ma rm 	 Kelantan-'ar. wriumo 	 - Selanpor (Seerdang) ,, 
-	 U)
-vat. irlor 	 Johore Kota Tingg, 0 l1- FRI. Kepongdlr 

Province Welksley. Singapore Boanic Gardens 
C--ar 

fluloh semantan. Kedah. Pcnang, Perak. Selangor, N. Semblan. 
0 lb 

tclur. rayah, Pa laao Kelantan. Pahang 
lb W 

-ro#- pla seremai 
Buloh be t Kedah. Pahang, Provine Wcllesky. Perak. 	 r'¢ZMb . ht'olmH ndcrSe
Srt?:ullehsum ruHandic-As 	 - langor 

•ratrljuae 
Buloh padijakar Johore, Selangor. N. eSmbilan. Melaka c

U) IA
S bra--rladum 

Buloh nplislkmangi Kedah. Penang. Perak. Pahang Johora	 
M 

padiiura,'rusa/ 	 0• t~udrplng 
 Bulbh rupenakar Johorc: SelatTeberau. Kota Tingg. 	 A) .1Segamat. .. W 
Sg. Scdili; Melaka: Bukit Tunega., Air Pan s
ScIesngor: Sunpai Llab.Pahatj: KualaS Vand, Rims for iarge baskets b 	 Bera, PekanBuloh L-mlingi Kedah: Grik; Perak: Cameron Highland; 	 0 0 

r_ O 
aemenyh Pahang: Kuala Lips. Kelattan. Selangor

S ,raculanj 	 Pulau Langkasvi, Kedah. Penang. JohoreWind instruments, handicrafts Buboh sumpitan/ Pahang. Sceangor. MNeatemiangikerapI Perak Johore. Sinilppore. i,
0. 

ikus 1- ll states except Perli. 	 >In 	 Kedah. P. Pirng. 
-

-
•,inal-	 Kedah: Inchong Estate, SgiKenan.ollinetri Handicrafts. baskets. traps.'huTs, 	 Trengganu. Province Wellesley %V0 Nwoven Buloh telor/pelang Perak. Selangor. N. Sembilar. Pahang.Johore 
wares. rafts, floori, walls partitions, nipisldimding/kassp/cooking vessels 2 kmang, aur 

3 Kiang 'esoand Lin Wci.Chin (1961.b Holitum. RE. (16f1. 

Species of bamboos and their uses in Indonesia. Table 8n .2 

5 0 016 E "6Cc 'z 	 E z " Xa&~	 C 
S0cc '1 U•5und/,alarlo nOjit, a	 .. 0 

.u a1111-11 ar"Iato a 
A hlunse"Ot, 

a 
a 

ai 
 aa 
G tl(s, n111 

a a 0 1 
Irnipt/(5,COhtnUJ oarrr a • a a aa S •

fl""., Iih,,a sranskln, 

t! 0,Il a 0 0 
C, KIrr,,ba,falla 	 aa a a aaa aa S aA a 

\a.11,1 eirxanhssut'h.'Star hr$ Oureo 	 aul a 

i, ta,h&Lm blum• 

\ 'tU(ti/J jnU 
a • aa 

hiIia 
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Appendix 8n
 
Page 2
 

Table 8n.3
 

Consumpi ion (%) of bamboos in the Asia-Pacific Region by end-use and abreakdown of the uses by species (country codes in the breakdown are India, In:
Bangladesh. Ba; Burma, Bu, Philippines, Ph; Indonesia, Ind; Thailand, Th; Japan, Ja; 

Taiwan. Tai. Korea, Ko). 

Pulp
Construction Rural Packag- manu- Othe. 

Country Hoising Others uses ing facture uses 
Bangladesh 50 10 20 5 10Burma 33 32 32 5 -
India 16 16 30 7 17 14
Japan 24 7 Is 7 4 41
Philippines 80 - 15 2 - 3
Thpiland 33 20 6 - 8 33 

Walling of native huts Constructions 
Bamhusa rulda (Bu, Ba, Ind) Bmhusa polymorpha (In. Ba. Bu, Ind, 
B.pollmrpha (fIu) Th)
B. blumeana (Ph) R baloa (In)
B. atra (Ind) B. tulda (in, Ba, Ru, Ind)
Dendrocalamus a.per (Ind) B. arundinacea (In, Ba. Ind, rh)
Gigantochloa nigriliato (Ind) B. rutans (In, hu, Th)

AMelocanna bacc/ifera (Ba) a khasiana (In)

Neohouzeoua dullna (Bu, Ba) B. vu/garis (In, Ba, Ph, Ind)

Sinohamhu.%a elegans (In) 
 B. burmani'a (Ba)
Schi:vstach turn lumampao (Ph) B. palfida (Bu)

Thyrsotachrs siamensts (Ph) 
 B. blumeana (Ph, In)
T.oliveri (Th) B. atra (ind)
Lance slaves CephalosiachVum pergracile(In, Ba, Bu)
Bambusa blumeana (Ph) Dendrocalamus mernhranareux (In, Ba,
Dendrocalarnus strictus (in, Bu) Bu)
Oc'hiandra tra vant'irtwa (In) D. hamihonii (In, Ba, Th, Bu)
0. scriptorica (In) D. giganteus (In, Ba, Ind, Du)

Schizostach rum lima (Ind) 
 D. longispoihus (In, Ba, Th)

Th'rsostach'rssiamensij (Th) D. 
strwtus (in, Bu)

T oliveri (Th) D. calostachtvus (But

Thatching and roofing D. merrillianus (Ph)

Rambusa arundin'acra (In, Ba, Hu, Ind) D.atJ (Ind)
B. tuha (In. Ba.. Bit) Giganrochlou nigrofiliata (In. Ind)
B. vulgaris (Ind) G. vrrtcillata (Bu, Ind)
B. hlumeana (Ph) G. levis (Ph)
B. polymorpha (in, Bu, Ba) Melocanno baccifera (In, Ba. Bu)

Dendrocalainu.strictus (In. Ind) Neohouzeoua duilhna (In, Bu)

t.). longispathus (Ba, H-Uj Oxrtenanthura nigrcitiata (Ba, Hu)
D. memhranaceus Schi:ostachruinIumanipao (Ph)
D.brandisi S. brach*'cladutn (Ind)
1). hanilionii S. lima (Ind)
Gigantorhloa alter (Ind) Teinustachrurn heddomnei (in)
Chimonohainhusa.a/lata (In) Thivrsostachrs olhveri 
Melocanna baccitera(Ba, Bu) Phirhlsrachrs sp. (Ja. Tai. Ko)

Neohouzeoua dulloa (Ba, Bu) Walking slicks
 
Orytenahtheramonodelpha (In) Arundinaria armato (In)

Schizosachrum brarhrcladum(Ind) Dendrocalamusstriclus (In, Bu)

Tea estanes Ox 'tenanthera nigriwiliata (Ba. Bu)
Pseudo, taehrum po/rmorphunr (in) Pyllos.tachys manni 

(continued) 
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Table 8n.: continued 

Basket making
Arundinaria intermedia (in) Mats 

Arundinaria intermedia (In)B&nibusa nutans (In, Bu) Bambuxa nutans (In, Bu)B. pallida(In, Th) B. teres (in, Bu)B. khasiana (In) B. tuhlo (in, Ba. Bu, Ind, Th)B. arundinarea (in, Bu. nd, 1li) B. pallida (In, Ila, Th)B. tuldo (Ba. Bu, Ind, Th) B. arundnacea (In, Ba, Bu, Ind, Th)E. vulgeris (Ba, Bu, Ph, "hd) B blumeana (Ph, In)B. villulosa (Bu) Cephalosiach*um p,rgracile(in, Ba, Bu)B. flexuo3a (Th) Dendrocalamus strictus (In)B. polymorpha (Ba, Ind, 7h) D. harnihond (In. Ba, Bu, Th). blutneana (Ph, Ind) D. merrillianus (Ph)Chimonobambusafalcata (In) D. memhranaceus (Th)Celphal/starhi'umpergracYle (Ba, Bu) D. brandisi (Th)DendrocalamushamihtoriI (In, Bu) Dinovhioa ditan (Bu)D longispatbus (hit. Ba, Bu, T41 Giganiochloa letis (Ph)D. strictus (la, Bu) G. alter (Ind)D. giganteuis (in, Ba. Ind) G. macrostachra (Bu)D. merrillianus (Ph) G. opus (Ind)D. asper (Ind, Th) Indocalamus wighliana (In)Dinordhoo compactij7orui(Bu) Alelocanna baccufera (Ba)Gigantchloanigraciliata (In, Bu) Pseudostach.urnpol vmorphum (Bu)'G. macrstach.Ya (Hu) Schizostachvurn lumampao (Ph)Indoralamus wighuiano (In) Teinostachyunt dulloa (In, Bu)Me/ocanna haccifera (Ba, Bu) Thyrsostachvs siamensis (Th)Neohouzeoua he/leri (In) Water and milk vessel (Chunga);N. dulloa (Bu) water buckets; cups; containers 
O.r.'enantherarirchei (In)0. nigror'ihata(Ba, Bu) Bambuma pal/ida (In, Ba)A. tulda (Ila, Bu) 
0. Molosligma (Hu) B. blumeapa (Ph)Pteudoiia,'hlnun; polvmorphurn (Bu) Dendrocalamus sikkimensis (In)Schizoslachyvum diff/usurn (Ph) D. giganteus (in, Ba, Bu, Ind, Th)S. lumanIpao (Ph) D. hookeri (In, Bu)7hamnnucalamusspathiflora (In) D. brandisi (flu)Teinoslachyrum helferi (Bu) D. asper (Ind)7. griyfthii (iBu) D. hamiltonii (Th)Phi'//oslacl/yv sp. (Ja, Ko, Tai) Gigantoch/oa levit (Ph)Loading ve"nEs G. asper (Ph)Neohueouadulloa (In) " Meloanna baccifera (Ba, Bu)Teino.starhrur.h dulla HtdgesSows and arrows &ambusa nana (In, Ba, Bu, Th)Baniusa./7ext.ia (Th) B. vulgaris (Ba, Ind)B. arundlinaeu (in) B. balcoa (Ba. Ind)rerha .ot.haurnc' aun (In) it oriendinaCCa(Hu)
C.pergracile C Oph1tsta rh rm pergra re (Bu)
 
Drldroc'alaiis.vtrittus (in) 
 Cephaloslachyum burmanicum (Ru)Shizoslach um ragerrii(Bu)S. limao (Ind) Dendrocalamus giganteus(In, Ba, Hu, Ind,Th)
Cook)ng utensil; Giganto'hlaotter (Ind)Bambusa arundnavea (lnd, Ba, Bu, Th) G. nigrocihata (Ind)P blumeana (Ph) Oxylenanther nigroi/iaia (Ba)cephalstarhvunpergracile(in, Ba. Bu, Thrsosiah.s siamensisTh)

Giganoo bloo atter (ind) 

Fuel
 
All bamboos and rhizomes of bamboosNeohou:evua dulloa (In, Ba, Hu, Ind)

Schizostac/hyum Zollingeri ((Bontind) 

http:Baniusa./7ext.ia
http:macrstach.Ya
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Table 8n.3 continued 

-

Seed food 
ainhuisaarundinarea (in, Ba. Bu) 

Cephalo.nach.ium pergracile (In, Ba, Bu) 
Dendrocalamusstrictus (In) 
Dinorcloacompactifora (Bu)
Melocanna haccifera (Ba, Bu) 

Tool handles 
I*mhu.a hlumana (Ph. Th) 
ft flexuosa (Th) 
B, polrnorpha(Ra, Bu. Ind) 
Dendrocrlamus asper
D. striclus (In. Th) 

Trr.-s.tach's ofiveri (Ba, Bu) 
Furniture 
Banhusa tshlda (Ba, Bu) 
B. glaucescens (Ind) 
B. vulparis (Ind) 
B. arundinarea (Th)
I)endrocalanu.xstrictus (In, Ba, Bu)
1).memhranaceus (Th) 

D. merrillionu.t (Ph) 
Ochlandra travancorica(In) 
Teinostachrum grrilfthii(Ba. Bu) 
77yrsosftachys siamnsi.s (Th) 
Solid varieties (Ind) 
Fencng 
Indocalamus wighttanu.i (In, Ra, Bu. 
Ph, Th) 

Id, 

D. brandisi (Th) 
D. atiflorus
D).hmgi~tpathu.x (Tb')D. asper (Tb) 
Giganochha alter (Ind)
G. aptus (mI (dI) 

All bamboos (in. Ph, Ba, Bu. nd, Th, Ja, 
Ko, Tai)
KTi 
Hookah pipes
Chimaohamrbusafalata (In)
Ph. lostarhis sedan (1Bu) 

Melocanna haccifera (Ba. Bu) Thamnocalarus spathfIlipre (in) 
Schi-ostichuin diffusurn (Ph) T arittatus 
Thyrosostachrssiarnensis (Ind, Th)
All thick-walled species (Ph, Ind)
Phtllh"starhYt sp. (Ja. Ko, Tai) 
Agricutural Implements 
Bamhusa w'lgaris (Ba, Bu, Ind, Ph) 
8. ha/coa (Ra, Bu, Ind) 
R. hlumeana (Ph, Th) 
B flexuota (7fh) 
Dendrivalanmus stricius (In, Bu, Th) 
1). merrillianm (Ph) 
D. .asper(I h) 
(Ohiandratravancoriwa (In) 
Thrr.ostachyrs sianitnjis(Th) 
T. oliveri (Th) 
All thinner varieties (In, Ba. Bu) 
Fodder 

Teinostachrum grif/7thii 
Fi hing rods 
Arundirnaria ainahilis (In) 
Bambusa glaucescen. (Ind) 
K atra (Ifid) 
Chimonohambusafalcata (in) 
C khasiano (in) 
C. intermedia (In) 
Dendroraamusstrictus (In) 
Schizoslochrum zollingeri (Ind)
S. blumei (Ind) 
S lima (Ph) 
77vrsosta h'hvs siamensis (Th, Ind) 
T. o/iveri (Th) 
Ph*llostahy.s nigra (Ja) 
Shoots fofr food 

Arundinaria racemosa (in) 
Chimonohambu.wadenrifolik (In) 
Cephalos(tach'rum pergracile (In)
Dendrocatnu.i strictus (In) 
D. sikkimensis (In) 
Leave-, of all bamboos (Ba, Bu. Ind)
Float%for timber; rafts 
Bamhusa arundinacea (In. Bu, Th) 
B. blumeana (Ph. Ind) 
Dendrocalarnus hamilonii (In, Bu) 
D. longi.spa hus (Ba) 
D. distan, 
1). aspier (Ind) 
1). niembranaceus (Th) 
Ohlandruseript(.ria (in) 
Mehocanna baccifera (Ba, Bu) 
Al. 'ompa'tiflorus (Th)
Neohou:eoua dulloa (Ba) 

Bambusa tulda (In. Ba, Bu, Ph, Ind) 
B. arundinacea (in, Ba. Bu, Ind) 
B nana (Bu) 
B. vulgaris (Bu. Ph, Ind) 
. blumeana (Ph) 

R glaucescens (Ind) 
Dendrocalarnus hamihonii (Ba. Bu) 
D. latiflorus (Tai) 
D. giganteus (In. Ind) 
D. longispathus (Ba) 
D. flagellifer (fBu) 
D. merrillianus (Ph) 
D. asper (Ind, Th) 
Dinochloa scandens (Ind) 
Gigantochloa nigrociliata (Ind)
G. hasskarliana(Ind) 
G. vertirillata(Bu, Ind)
G. levis (Ph) (I Iti11ued) 
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Table 8ns.3 continued
 

G.ater (Id) Haystack stabilizers
G. albocihiatu (Th) Bamhusa vulgaris (Ba, Bu)P/tr'lhostach,rse/ui. (Ta. Ja, Ko) B. tuldo (Ba, Ru)
Srhizo ta 'h
ruin brat -hrrladum(Ind) B. hlumeana (Ph)S. blumei (Ind) Derntrocadlantu sirtrius(In)S. :ollingeri(lind) All bamboos can be used (Ind)
Sinobarmnusa ehgans (In) Horicultural pursuits
 

(Th) 
 Bambusa arundna'cea (in. Bu)All large bamboos •shoots (Th) B. puymorpho (Ba)General utility B. blumeana (Ph)Bambusa arundinacea (In, Ba, Bu)B. tuldo (flu) Dendrocalanius strictus (In)

pal/ida (Bu) 
 Melhrannabuac-ifera (a, blu)"t balm a (P) All bamboos (Ind, Th). lureana (Ph)B. vulgaris (Ph) Other strong species (Ph)Ceain 

Cephalustachran pergraci/e 
ofn 

Cremation; cofains 
C burmanhum Bamnbusa arundinaci(In)Dendroalmu. stricus (Ir., Bu) Aedocalamuus tric'u. (In)
D. hookeri (In, Flu) All bamboos 
D. hundlhnii (Ba) Cradles 
D. 'alostachrus(Bu) Bambusa arundinacea (In)
D. merrillianus(Ph) Dendrocalamus strocius (in)
Dinochloa sp (Ph) Sacffoidlng
Gigantochloa le.i%(Ph) Bambusa arundinarca (in)G. atsper (Ph) Dendrocalamus strituer (In)
Neuhouzeoua dulloa Carl yokesAll strong bamboos (Ind, Th, Ja, Ko, Tai) All large-sized, hard and solid bamboos
Punting poles (In)
Ox.tenantherasio(k'iii (lr,) Ladders
Solid varieties (fBa, Bu) Batubsa arundinacea (in)
Phrlh',sachr. nigra (Ja) Dentlra*iamus strietus (In)Sericultural industry - trays for Musical insirunents (flutes;marimba;slh r .tnrms horns; clarines; Ilageolets; saxupi;one;Ba~nibuu aruntincea (In) piccolo, drums; etc.)Dendraaluanu .wtrici'u.s (in) Arundinaria sp.Th.rrstatarhs .iuan'twx (Th) Arundinaria miiska'ramensis (Ph)All bamboos (a, Ind) .Dendroca/arnus Strwws (In Th)Chicks for doors and windowt Dn.Iongispahus (Th)

Bambusa aran,linarea (In, Bu, Ind, Th) Giganunshloa otter (lind)B.poilrinrp a (ha. Bu) Shizoiuachyum hoa (Ind) 
. blueau.(PhIn d) S. blumei (Id). vuIgarii(nd) All small-Lized bamboos (Ph)
Dend ovaag vtli Containers for cleaning grains
riciu (in) 

D. 'lrogispa,,.% (rh) All bamboos (In)
 
Meluianu hamhi.oides Protection during grain pounding
Neohouzeouua tilloa (Ba, Bu) Bambusa arundinacea
Schizutach,.um hmanauo (Ph) All large-sized bamboos (In)S. "ollingtri (Iad) Can sheds; roofs
77hrro.sta h '.tiamenlsi.. (Th) Bambu.sa blumeano (Ph)
7: Wit*eri (rh) D1endrocalainusmerrillianus (Ph)All bamboos ( la, Ko, Tail All bamboos (in)Pipes Stakes for foresters8amhusa arunilfitucea (Bu) Th*rrsd0stach)ssiamen.sis (Th)
N'eohiuze,,ua ,ullua (Bia) '.oiveri (Th)Teinosarhaumn griffithii (in, Ba) All bamboos (In) (routinued) 

http:Bambu.sa
http:Schizutach,.um
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Table 8a.3 continued
 

Country tilet 
Rhu.i, arunmdumeiaa(in)
Pan trays 
NV'hUi,.i.utI~tia dulla (in) 

7i'in,,.,machum (hilloa (Flu)
Seed drills 

. Ir/u
Container%to administer medicine to
animakl 
&Mhrmbwarundinaoea (in)

Fishing implement. floats; pens; traps

Hamtulu i,.pelinerpiha (Ha. Bu. Ind)

f. aura (Ind) 
R. 'uariv (Ba, Bu)

R. hluneana (Ph) 

Gial,,'rIhlp levi.%(Ph) 

. niu'h,'t1 Bu)
haccifera (Ba.
Veolh/,,,:e,,zja d't,/ua (Ba. Ru)
.cn~'hiz /,iu !lilu'mana (Ind)
S. I1umui11npao (Ph) 

Roat roofs 

flamebha atrundinorea(In)
H. uh/14 (1:1. Bu) 
U. hlu,,ana (Ph) 

th',ma h'acifira (Ba, Bu) 


Ornaments 
Bainhista vulgari.%(Ind, Ba. Bu. In, Ph) 
B. 10ar a1 (Ph)aA. vul :aris var.. triala (Ph) 
R. glau'e.w en (Ph)B.Pnhliuirphu(Ind) 
. ara (Ind)

C'ephahl.slachyurnpergrac'ile (in)te'priwkalJni'ur giganteti, 

Plirlhtach...uaurea (Ind) 


Se'hi:-.jf(UirunY /rach)rcladun (nd) 

. :llingerl (Ind) 


1 I'r. tslehl .iatlpM ni 

CuIm sheaths (irrigation) 

Balbittvn hlnwana (Ph)

Climbing species of bamboos (Ph) 

Dendrvor'lau Iongiitpathu. (Bu) 

Gigaetochloa niacrostach.a(Bu) 

G. h,i (Ph) - -
Cordage 
lanMhusa vulgaris (Ph) 
f. alra (Ind)
I)endrocalannui stricius (13u) 
D. merriliantis(Ph) 
I)in,/hloa scandens (Ind)

Pieudoslach 'u t plrtnvrphu,,, (Bu)

Inner layer of culm sheath as cheroot 
wrapper 

l)nodrocala,,,. haihoii (Ru) 

Plaited shoes 


)inrhit liu coinpac(flor (Bu)
n 

Umbrella handles 
Alelucanna bac4efno (Ba, B&)
Oxrylenanthera.vto'ksii (Ind)

TeincaCh.ru,, grffithii (Ba, 
 Bu) 
7hrrsosar' iapjptwsis (Bu)Shufles 
Bamhusa blumeana (ph)
Piculan 
Toba dryng (d 
Tobacco drying 
D~in'h/a'anden (Ind) 
Nastus eleganti~sstrms (Ind) 
Ph.illostarhsedulis (Jap) 

Boat masts 
Bainhusa hlwowana (Ph)
 
Dendrocalanu.hrandii
 
Gigontohha h"vi (Ph) 
Joints for cooking glutinous riceCephahOVsac.r,, I(rgr('ih.(Ru) 
C. hurnuni(uin (Hu)
Bridges 
Banhnsa hluneana (Ph)
 
B vulgari.l (Ph)

/. arundinacea (Ph)
 
Boat plying rods
 
Bainusapolnmerpha (Ba. Bu. Ind)

B.Rlau 'e'cens (Ind)
Melocanna baccifera (Ba. ju)
Rickshaw hoods 
Bambusa vulgariy (Ba)
Peta sticks 
Thamnocolamus spathifloru (in)
Barbecue skewers 
Bamhu.sa hlunicana 
Trellises
 
&iambusaarundinacea (in)

B. hlurneana(in)
 
All large-sized bamboos
 
Flue
 
Bamhusa hlunteana IPhj
 

glaurescens(Ph)Schi-lostachrum lumampato (Ph) 

HatsHats
 
Bambusa hlumeana (Ph)
. vugaris (Ph)B ugrs(h
Barrels for toy cannons
 
Bamhusa hlumehana (Pb)
 

Gigantochloa levis (Ph) 
Sledges (transport) 
Banbusa blumeana (Ph)
Dendroca/ianissrnerrillianus(Ph) 
Handicrafts 
Banybusa hlumeana (Ph. Ind)
B. vulgoris 
Dendrocalanu.s a per (Ind)
 
Dinochiva scntn. (Ind)

Gigantochloa verticillia
 
G. atier 
G. apus
 
Nastus t'leganaxinu.g
 
Schizos achyum lima (Ph)
 
S. hrachycladum 
S. hlwnei (Ind) 
All bamboos (Th)
 
Sprayers
 
Bar hu. h a neaa (Ph) 
Polo mallets 
Bamnhusa blumeana (Ph) 
Eyeliner 
Dinochloo scandens(Ind)
Jaundice treatment 
Bambusa vulgaris (Ind) 
Ladders 
Bainbusa Orundinacea(nd)
ILendrn'nlamus tric/us (snd)
Afforestation of riverbanks and mil
conservation areas; shelter belts; 
windbreaks 
All bamboos 
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Afforestslion of river banks and soil conservation areas selter belsand wd elts: 

all bamboos. 
Agricultural implements :Bwnbusa balcooa, Bambusa vulgaris, Dcndocalamus itrics' 

Ocrandratrarancorica,all thinner varieties. 
Bamboo bats : mbu blumeanao, Bambusa rularls. 
Basket making :Arundnria intermedia, Bambusa orundinacea. Bambua nutms, Bambra pallda.

Bambusa k4 siana, Bambusa tadda. Bambusa vulgaris, Bambusapolymorpha, Mmmobarbwa
falcata,. Dend.rocalamus tiganeus, Dendrocalamuslongispathus, Dendrocalamu..hamiltonlo, 
De drocIamus strictus, Gigatochloa nlgrocdliata, Indxalamus wiphtlana, Neahamuzw heyfel, 
Oxytenathera ritche'io Thamnocalamus patldflora. 

Boat plying red : BRnbum glaucesceusand Dambusapolymorpha.
 
Bows and arrows :Bambuta arwdlonacea, Cephalostachjim '
 

Dendrocalumus trictus.
 

Bridges : Barnbujraanlautiacea, Bambusa Vulgarls. 
Cart en.taluers and roof : All bamboos. 
Cart yokes:All large sized hard and solid bamboos, 
Chicks for doors and windows : Bambusa anu inaacea, DendrocaM.t africtus. 
Conbs :Ox)t wnanthla bourdiltonU. 

Containers for cleaning grains : AU bamboos. 

Contalners to earry maps : OxytenanMthera bourdillong. 
Constructions : Bambuxa polymorpha. Banbusabaicooa, Bambnua tulda, Bambus m&wdinacea,

Bw nburans,Bombu=a khaslana, Bambua vugar!, Banbuiv bluiema. CVhao akchpt 

cazpitatun. Cephalostachyum ptrgracile, Dendrocamus membranaceus, Dendrocalamus
hamiltanjl, Dendroakrnzus gtgantus, Dendrocalamus iomlspthus, DendVoloMr Strict, 
Gigaasotiiloa ngiroclliata, Melo a boccfera, Neohouzeavua dullooa, Oxyavfanthera so ,ri,
TeWstachyum beddomel. Thyrrosstachys olivernl. 

Contain to admiaister medicine to Bilsl and animals : Bambusa ansldhnaesa.0 
Country tiles : Bnbux aoudinacea. 

Cooking atensil, : Barn us2 aru linacea, Cephaloztahyin pffqraelle. 
Cradles :Banbs andunacea,Dendrocalamus nrictus. 
Cremation & Co lns : Bambusaarundinacea,Dendrocala"u airlegut and allbamboos. 
Fencing : Indxalarnus wigtiw s, Oxytenantheramanodelpha, OxylmaueraMi:chel ad all 

bamboos. 
Fishing rods : Artmdunaria amobiis, Chimowbanbusa falcata, Chaomobambuja khalano,


"Lm:nabambus Intermedia. Dendrxaalamus strictus.
 
Floiling timber an rafting: bwnbusa arurdi.cxea, D&e oColamu aWlltuul, Ochlandre 

arfiptoria. 
Flooring: Bambtaapilymorpha. 
Fodder : Anvu&maria racenm,. Cdirmmowbuso denw~folia, CepW taayan 11attn,

Cp.armtachyum pergradle, Dendrocalomuy slkkimenis, Dendrocalamvm ictus Oddondranm 
travoncorica,Bambuza arurdinacea and leaves of all bamboos. 

For Jandice : Bambusa rdgaris. 

Fuel : All bamboos and rhizomes of bamboos. 

Fariiture : Bambusa onwditlaCea, naisagLucea Bambos hdda, Aw&n doads, allthick walled species. 
General utility B mbusa aruas'nacma, Bxmbka tlda, Cgplda atAym &uWnsIcum,

Cephalosac .yum pergracile, Dendrocalmu hwnilto%, Dendroalamushooker4 .Ddtolamw 
arrictus, l bamboos which are strong. 

H ijicraft2 : Banbusa blumema, ambiusa vulgarls. 
Hedges: Bnbusa nona, Dendroc,amus giganleu.
 
Hookah pipes : Otmmaob&nbusafalcata. Thmxalwms Mitatu, 
 Teiaachywn grodgi,


Tmnnoalamu pathoflora.
 
Horticultural purnit : Bwnbusa arumina ea, DevdroCa~anmsutrictuo, all bamboos and other 

strong apecies. 
Ladders : Bambuxa ar dinaceaand Dendoealamus strictus. 

' 

'I 

a. 

0 



L*amce staves Dendrocalamu striejus, Oc/dandra icripwrica,OchiUndra traiancorica.1.tle shts : Dendrocaolmus uirictus, Ockidu.ra species. 
Lading vessels : Ne/uzeoua dullooa.Mats : .ru&nacia ilerinedia, Arwudgnacia racernvsa, Bamb= arundmoacea, .Bambua blurneano,Barbusa nufans, Ranbuapa//ida, Bambusa tres,Bwnbusa tulda. Ccpholotad.yum pergracil i.

Dcndroca/amus /lamiIlonhi. "De~ndwnajus sirichli$, ndocaloanus wightiona, 'A''eohoUzeoa"dullooa, Odilandrs ycrptorica, Oddandra jraran rica O.rj1enanha 'tlgociliagaoTeinostachywn dullooa. 

Appenci4 
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Match boxes and splints : Oddandra £ravancorij,.Musical lnstrunmets : (Flutes, mariba, horns, clarionets, flagerlefs, saxophones, picools,drums, etc.) : Arundnariaspp., Dendrocalanusstrictus,all small sized bamboos.3rJ mental purposes : aambuza ruzgaris. CePhalosc/,yumpergroclle, Dend..cal.mwsgiggwueur,PAYIrstachwy =,rea.Oxyelunthera monadephn, Thyr -,achys i ,istandals for shade : All bamboos. 
'an trays : Neolauzeauc ddlooa.

Paper and Pulp :-An idea about the changes in the utilisation pattern ofbamboo in theroJuctioa of paper and paper board can be had from Table 1.
wab:e 

Productionof Paperand PaperBoard andConsumption of tme 
RAw MateritIfor Me Industry 

Toal du 

Year of Pa.er & Board 
G 

1936 40 
1952 130 
19S8 203 
1970 7S8 
19'!5 959 
1980 2001 

(estimated) 

Name of the Raw material and its percentage (by weight)
use in the manufactureGras Rags,-iWaste A-gricul- Hard ImportcdP apertu B .Awboo ood

29.31 7.27 5.01 0 49.08 0 9.3312-6 6.30 6.30 0 73.59 0 0.958.23 4.11 4.11 3.29 74.13 .15 4.989.75 4,87-7.3 " fJ 56-9 19..) 0.049.83 4.09 6.55 2.15 47.54 :29.54 0.006.42. 3.66 6.42 2.75 29.35 51.37 0.03 
Source: Pant, M.M., 1977: 'Socio-Economic Returns of Applied Research'in the Cellulosea-d Paper Branch of Forest Research Inslitute'.

The country's paper industry mainly depends upon Dendiocalamusstrigt and Bambusa 
arundinacea. he mills in the north mainly use the former species while those in the east andthe south use both. Bomb&a tansj, Barmeuso fuldo, Dendrocalamu hamilionli and Melocanmabaccifera are some of the other bamboo species with limited uses. Presently, nearly 3 milliontons of bamboos are used annually by the paper industry with possibilities of a substantial, risein the intake if economically available. 

Other suitable species are :-Neohouzea dullaa, Ochlandra 4 randisll,Oc&I avdra
ftheedai. Ochlandra scripl.-ria, Ochlandra Jeliglera, Ochlandra wighdi, O.,ylenonthera ndgroci/ia'a,Bambusa aruidinacca, Bombusa nrtanx, Bombua polymorp a, B&ombusa tcIa, Dendrocaanu,&Sper, Dexldocalamus bran4sii. Dendrjcalcmus /aWmlonli, Dendrocalamu loIMnupatu,Dedrocalamus membrancet, Trhyrsoslachysofiveri, ThJ'ro&amy Simedis. 

Pea stiCks : Thamnocwlamus paihiflora.Pipes : Bambusa arundinaceoa Dendrocaotms hamiu,nii and Teinostach)lUft roili/i.Polomallets: Bambusa blwneana (Basal portion or culm).Protection while pounding grain : Bambusa aru tdiaceaand all big sired bamboos.Punsting poles: Oxytenanhero srocksii,Ox,)'e4anthera richeel, solid varieties.Riekshaw hoods: Bambusa vulgari, Dendrocalanut,species.
Roofing of boats: Bambuin ouninacea,Bambusa tu/lo.Scaffolding: Banbusaorm idinacea.Bajnbuso sulgaris.De,roca/amus strictus.Seed food : Riambuw aruadincea, Cephaloslach)um pergracile and Dendrocalamus uricut. 
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Seed drills: Dendrocalamus strictus.
 
Sericultural Industry : Trays 
 for rearing silk worms: Bambusa arznmdnacea, Dendrocalamu 

strictus,Thyrsostachys siamensis. 
Shoots as vegetab!es and food : Bambusa arundinacea, Bwnbusa nano, Bambusa tulda,Barnbusa vulgaris, De.xdrocalarnus gigaateus. Derdrocalamus hamiltoni, Dendrocalamwlongispazhus,Sinobambusa elegans and all large bamboo shoots.
Stablishbng haystocks : Bambusa "blmeana, Bambusa tulda, Bambua rulgaris, Dcndrocalwnus 

strictus (All bamboos can be used).
 
Stakes in Forestry practices : All bamboos.
 
Yex estates : Pseudostachyvmpolymormhum.
Thatching and rooting : Bambusa arundinacea, Bapnbusa polymorpha, Bambura tulda, BAmbusavulgaris, Chimnobainbusa falcata, Dendrocalamus brandisii. Dendocalamus hamiltonii,Dendrocalatnuslongispathus, Dendrocalamusmembranaceus Gigantochloa attar,Oxytentmthera

mmodelpha, Dendrocalaynus strictus. 
Tool bandles: Deadrocalamus merrihlianus. Dendroralankm Strictus, Ochladra ravancorica 

and all solid varieties.
 
Trellis work: Bambusa arundnacea,Bambusa blumeana and all big sized bamboos.
 
Umbrella handles: Melocanna baccifera,Neohauzeauadullooa, Oxytenamhera ritchevi Oxytenan.

therastocksii, Teinostacmwn griffithil.
Working sticks: Arundinariaarmala,Dendrocalanusstriktus, Oclzandra travancorica, Oxytenan

them nigrociiata,OxytetirtIhert ritchewi, Phyllostach)yx marni. 
Walling of native huts: Aru:tdinaria racenwova, Bambusa a,, Bambusa polymorpha, Bambusoguld, Gigant hlo. nigrociliata, Ne hauzea 0 dulljoa, Oxytenafnhera Higrdciliata, Saobombusa 

Clegons.
Water and milk vesse's (Thunga), %aterboackets, cups and containers: BamlMsa pollida, Bombusatuldi, De.'dricalamus asper. Dendr calamus giganeus,. Dendrocalamxv harmhmonii, Dendrocala.Inus hookeri, Dendrjcalanuis sifkimmensis, Gigantochloa Ospera, Gigantochloa leris, Melocanna

baccifera. 
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Ecological requirements of some artificially established browse
 

species in North Africa
 

.(Source: Le l1ouerou, 1980)
 

Species 


Acacia cyanophylla 


" ligulata 

" salicina 

victoriae 

Artemisia herba alba 


Atriplex canescens 

lauca
g


helimus 


numnul~ria 

Brachychyton populneum 

Broussonetia papyrifera 

CalliFonum comwsum 

Cassia sturtii 


Celtis australis 


Ceratonia siliqua 


Chenopodium auricomum 


Coronilla.glauca 


Eleagnus angustifolia 


Fraxinus oxyphylla 


Cleiditshia triacanthos 


Haloxylon .epyllum 

persicm. 


Hedicago arborea 


Morus alba 

Olea curopaca 


Opuntia ficus- indica inermis 
" fusicaeiio; 

inermis 

Rainfall 

in mm 


> 250 


> 150 

> 150 

> 150 

> 150 


> 200 

> 150 

> 150 

> 200 

> 300 

> 400 


> 80 

> 150 


> 700 


> 300 


> 200 

> 300 

"5 300 

.> 500 

> 400 

> 80 

> 80 


> 300 

> 350 

> 200 


> 200 
> 200 

> 2nn. 

Mean minimum
 
to of January 


in C 

> 3 


> 3 

>3 

> 3 

>-2 


>-5 

> I 


> 1 

> I 

> 3 


>-I 


>-I 

> 3 


>.I 


> 3 


> 3 


> 2 

>-2-

> I 


>-5. 


>-10 


>-10 


> 2 

>-5 

> 2 

> 2 
> I 

> I 

Soils
 

Deep sandy
 

.
 

Silty to saidcy 

"Siltv, Shallow
 

Sandy to Silty
 
Silty to clayey,saline.
EC < 30 mmhos 

Silty to.clayey
 

< 20 thnhs
 
Various
 

:Various
 

Drifting sand 

S lty.Sandy
 

Various
 

Silty-sandy Rocky
 

Vari'ous 

Silty, Shallow
 

-Various
 

Various 

Various
 

Silty-claycy. 

Sandy
 

Silty, Shallow
 

Various 

Deep sandy 

.Decp .sandy 
I " 

" , 
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Prosopis juliflora '200 
 2 Sandy
 
Vitis berlandieri '200 
 -5 Various
 

riparia >200 -5 
,, rupestris '400 -5 

vinifera 7200 -5 

From the above table it is obvious that with the available plant material,
 
of some 35 species, one can meet most of the ecological conditions
 
prevailing in northern Africa, except in the desert where rainfall does
 

not reach the 100 mark.
 



Appendix 8p 
Page 1 

NFTA 82-07, 

MASTERLIST OF WOODY SPECIES UNDER CONSIDERATION
 
AS NITROGEN-FIXING TREES
 

(J. Halliday and P.L. Nakao., eds., 
Prepared for Bellagio Workshop; Document #1) 

1. 	The NFT Mac;terlist includes:
 

--	 9V7 species 

all woody species of the legume family even though 
confirmation that they individually nodulate .ancJ fix 
nitrogen may te lacking 

-11 spLc-ie of all other genera in which a species has 
been confirmed to nodulate or fi: nitrogen.
 

2. 	 "he mastsr)ir'L is abstracted from a larger data base main
tained by the ilni, ,r-si t,, 0 cf Ha-jaia NaFTAL Project. The 
completp data, hir:, incILdes a cqneral characterization of each 
species. and sperf Fies its microsymbi otiic affinities, both 
I.lz tbi dl rild mTh.errhl llIe complete data base also ciLs 

the scientifIL: literature-.- that substantiates that a lILsted 
specie_- does: or dne not 4 j: nitrogen. 

. e Maste.rl.st is artual!,i the +i.rst section of a more 
compleue pibllcation available directly from NiFTAL (P.O. Bo.: 
0. 	 F'Aja. Hawaii 9677Y, USA): 

Halliday.,., and P.L. Nalao. 19J2. The symbiotic affinities o+ 
woody species under c:onsideration as nitrogen-fixing 

itv of
trees. Univer -. Hawaii NiFTAL Project. 85 pages.
 

http:Maste.rl.st
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Acacia abyssinmca Acacia cyanophylla (saligna) Acacia holosericea 
Acacia acinacea Acacia cyclops Acacia homalophylla 
Acacia acuminata Acacia davyi Acacia horrida 
Acacia adenocalyx Acacia dealbata Acacia horridula 
Acacia adunca Acacia deamii Acacia huegelii 
Acacia alata Acacia deanei Acacia instia 
Acacia albida Acacia decora Acacia jonesii 
Acacia anceps Acacia decurrens Acacia juniperina 
Acacia aneura Acacia diptera Acacia karoo 
Acacia arabica (nilotical Acacia doratoxylon Acacia kauaiensis 
P *ria arenaria Acacia druamondii Acacia keopeana 
ALcia araata Acacia ehrenbergiana Acacia kirkii 
Acacia aroma Acacia elata Acacia koa 
Acacia aspera Acacia eremophila Acacia koaia 
Acacia ata.acantha Acacia ericifolia Acaci; kraussiana 
Acacia auIacocarpa kcacia erinacea Acacia latifolia 
Acacia auricuhiorIIs Acacia erubescens Acacia leptoneura 
Acacia b)Ifeyana Acacia estrophiolata Acacia feecophloea 
Ac 4ia berlandipnri cacia erceka Acacia linearis 
Acacia be-triana Acacia ,-ersa Acacia lineata 
Aracia bidentata Acac!l ENtIialis Acacie liniu!ata 
Acacia b:iiora Acaria 'arnoszana k:acIa loderi 
Acacia " aI'e!yi 
AraCia bqn~rjer~is 

Ac?:za iwt1iia 
Acatia hih,-ata 

Aca.ia !orgifc!ia
Acl u~rtI 

Acacia borlaa Acaciz ;Istuda Acacia lunata 
Acacia brachybotrya AcacHi Ilava Acacia aacraritha 
Acacia brachystachya Acacia flecl ii Acacia lacrathyrsa 
Acacia burkei Acacia fiexuosa Acacia .angium 
Acacia buxiialia Acacia floribunda Acacia mearnsii 
Acacia byoneana Acacia galpinii Acacia velanoxylon 
Acacia caffra Acacia genisto-des Acacia mellei 
Acacia calaeifobja Acacia geo-qinae Acacia aellifera 
Acazia :flcina Acacia giraffae Acacia microbotrya 
Acacia cambagei Acacia gladiiforais Acacia sollissima 
Acacia cana Acacia glaucescens Acacia uollissimA 
Acacia cardiophylla Acacia glaucescens Acacia mooreana 
Acacia catechu Acacia glaucoptera Acacia myrtifolia 
Akacia cavan Acacia glcerosa Acacia nebrounii 
Acacia cayenia Acacia goet:ii Acacia neriifolia 
Acacia celastrifolia Acacia grandicornuta Acacia nervosa 
Acacia hiariessa Acacia granitica Acacia nigrescens 
Acacia cognata Acacia qrengii Acacia nigricans 

Acacia colletoides Acacia haieoides Acacta nilotica 
Acacia coplanata Acacia harpophylla Acacia nubica 
Acacia confusa Acacia harveyi Acacia cbliqua 
Acacia constricta Acacia hastu!ita Acacia obscura 
Acacia crassicarpa Acacia tebeclada Acacia orfoto 
Acacia cultriformis Acacia hereroensis Acacia oswaldii 
Acacia cunninghacii Aacia heteracantha Acacia parraiattensis 
Acacia cupressiforais Acac;a heterophylla Acacia pence 
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Acacia pennata Acicia triptera Albi:ia zisermannzi 
Acacia pentadenia 
Acacia pentaqana 
Acacia peroiyta 

Acacia (ticumanensis 
Acacia unicifera 
Acacia urophylla 

Aldina insiqnis 
Alera isperatricis 
Alnus aCumtinatit 

Acacia podalyriaefolia Acacia verel Alnus cordata 
Acacia palyacanthd 
Aracia pravissiaa 

Acacia verticillata 
Acacia victo-iae 

Alnus crispa 
Alnus firma 

Acacia prosinens Acacia vista Alnus formsana 
Acacia pubescens Acacia visite Alnus fructicosa 
Acacia pul~hella 
Acacia punila 

Acacia volubilis 
Acacia welwitscii' 

Alnus glutincsa 
Alnus hirsuta 

Acacia pycnantha Acacia xanthophloEa Ainus incana 
Acacia raddiana 
Ac~cia reficiens 

Acrocarps frazinifohius 
Adenanthera b'4ccIlor 

Alnus jaouIlensis 

Alnus mari ti &a 
Acacia retimanniana 
Acacia restiacea 

Adenanthera ipntormedia 
Adenanthera pavonina 

Alnus mollis 
Alnus multinervous 

Acacia rhetinodes 
Acacia richii 

Aftelia africana 
Rfhelis quanunsis 

Alnus nepalensis 
Alnus nitida 

Acacia rigens Airyantha borneensis Alnus orie.-ti!is 
Acacia rabusta Airyantha schn~infurthi Alnus rubra 
Acac~a rostellifera Aibizia acle Alnus serrulata 
Acacia rubida Albiaaj adianthifoliz Alnus siebaldiana 
Acaci2 sahdcna AWbizia isara Alnus sinuata 
Acacia saligna Albiiza anthelaintica Alnus tenuifolia 
Acacia scheweinfurthii Min~za antunesiana Alnus tinctaria 
Acacia scarpoides Albi:-!s brevifolia Alnus undulata 
Amaia senegal Albina cartionaria Airius viridis 
Acacia seya! 
Acacia siamensis 
Az:i:a sieberana 

Al'bizia chinensis 
Altzina distachya 
Albizia ealens:E 

Aablygonocarpus andongensis 
Asburana acrea 
Atburana cearensis 

Acacia silvicola Albizia iiaf7!ia Anherstia nobilis 
Acacia spadiczqera 
Acacia spath.ulata 

Albi:ia iorbesii 
Albi~ia q~aberriaa 

Amphiaas ierrugineus 
Anadenarnthera colubrina 

Acacia spinescens 
Acacia spirocarpa 
Acaria squaffiata 
Acacia stenophylla 
Acacia stencptera 
Acacia strigosa 
Acacia 5tulhanii 
Mcaria suavolens 
Acacia subcaerulea 
Acacia suffructescens 
Acacia sulcata 
Aicacia swazca 
Acacia tassinensis 
Acacia tennispina 
Acicia tetragonocarpa 
Acacia totentosa 
Acacia tortilis 

Albi--a quaoifera 
Albizia harveyt 
A!bizia *ulibrissin 
Albinia katangensis 
Alti~ia lebbel 
Albizia lebbekoides 
Albi:na lopl~antha 
Albizia moluccana 
Albi:ia odoratissina 
AMinia peterstana 
Albizia protpra 
Albizia retusa 
Albi:ia saponaria 
Albinza schieperana 
M~inia stipulata 
Albizia tanganyicenwi 
Albi:ta versicolor 

Anadenanthera peregrina 
Androcalymoa glabiforum 
Angylocalyx oligaphyllus 
Angylacaly; 7enkerl 
Antheroporum pierrei 
Anthonotha eacrophylla 
Apaloxylon madaqascariensis 
Aphonocalyx cynametroides 
Apaplanesia paniculata 
Aprevalia floribinda 
Apuleia priecox 
Arthrocarpus gracile 
Arthrosasanea pistaciaefolia 
Ateleii plerocarpa 
Baikiaea insignis 
laiiiaea plurijuqa 
Paphiaipsis parvillora 



Page 4 

iarkNya syrin'lifolia Brachystegia wangerseeana Cassia nodasa 
batesia floribunda 
battijaP3 rubifiora 

brad:eia fli CiiOH3 
Breniera insignis 

Cassia siaxpa 
Castanosperous justrale 

Pauio'jinia sollyiformis 
Fauhinia acuminati 

Brongniactia minutifolia 
Oroingpiartia podalyroides 

Casuarina cristata (C.lepidophloial 
Casuarina' cunninchalaa 

9auhinia benthauiana Brownea ariza Casuarina equistifolia 
bauhinia bidentata Bropnea capitella Casuarina fraseriana 
Bauhinia binata 
Bauhinia blateana 
Bauhinia candicans 
Bauhinia carronni 
Bauhinia coe'yubosa 

Droownea Eccinea 
Dramnea craiefordii 
Broonea grandiceps 
Brownea latifolia 
Dromieopsis acaya'Iina 

Casuarina qlauca 
Casuarina grandis 
Casuarina huegeliana 
Casuarina jungtiuhrniina (C. montana) 
Casuarina Httoris 

Pau-Ninia cusingiana Brya ebonus Casuarin~a *uellerana 
Bauhinia diphylla Surkea africana Casuarina ouricata 
Fauhinia ercisa Oussea occidentalis Casuarina nodiflora 
Pauhinia galpinii Butea egeingii Casuarina obesa 
Sauhinma kirkii 
Pauhinia ochiana 
Dauhinia hunthiana 
Pauhinia macrantha 

Butea massairnsis 
Butea monosperma 
Cadia purpurea 
Cipsalpinia echinita 

Casuarina ologodon 
Casuarina pusilla 
Casuarina quadrivalis 
Casuarina stricta 

EPauhinia oalabfirica Caesalpinia peltophoroides, Casuarina sucatrana 
Wahmnia tegilandri Caesalpinia pulcherrioa Casuarina tenuissiza 
Sauhirn;a conandra CA ,anus cajan Casuarirna torulosa 
Bauhinia pau~ptia Uanadra affinis Cattcraoo leptophyllum 
uRuni2 petersian3 Calliandra cal ottyrsus Catoraion toniliforme 

Diuhinia purpurea Calliandra eriophylla Cedrelirnga catenaeforvis 
Diuhinia rarcesaisa Callia,.dra icosa Cerost iga oacrcp~ylluo 
Bauhinia reticulita Calhandra qrandiflora Certrolobium robustus 
Daulh init o'sentosa Callanfra quildingii Ceonothus asericanus 
behaiuia cubensis Ca~Jiandra haematocephala Ceonothus azurens 
BelairiaSPirosa Cafliv'dra hppiatoma Eeonothus cordulitus 
bergeronia ser icea Ca!!iandra h-2a:Iis Cecothu5 crassifohius 
Perlinia acusinata Calliandra inaequilatera Ceenothu5 cur'eatus 
berlinia confusa Calliandra parvifoli Ceonothus delilanu5 
6erlinia grandiflora Calliandra selloi Ceonothus divaricatus 
Bolusanthus speciosus Calliandra surinamensis Ceonothus diversifolius, 
Dowdichia virgilioides Calliandra tweedii Ceonothus fendle'r 
Brachystegia allenji Calpocalyr brevibracteatus Ceonothus foliosus 
Drachystegia apperdiculata Ciapsiandra angustifolia Ceonothus fresnensis 
Brachystegia boehiii Caepsiandra coomasa Ceono'.hus qlabra 
Brachystegia glaberrioa Caspsiandra laurifolia Ceoncthus glorioisa 
Brachystegia qlaucescens Caraqina arborescens Ceonothus gregoi 
Prachystegia kennrdyi Caragana aurantiaca Ceonott'us CriSeu 
Drachystegia laurentii rlaraqana frutescen5 Ceonothus impressus 
frachystegia Imoensis Caragana pekinensis Ceonothus incana 
brachystegia sanga 
Prachystegia microphylia 

Cascaronia astragalina 
cassia fistula 

Ceoncthus integerrious 
Ceonothus fintermedius 

Brachystegia niqerica 
Orachystegia spiciforais 

Cassia grandis 
Cassia javanica 

Ceonothus jepsonii 
CEon-othus leucodermis 

Brachystegia utilis Cassia leiandra Ceonothus sicrophyllus 
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ctonothus oliganthus Cynometra bauhiniaefolia Ciptychandra epunctata 

Ceonothus ovatus Cynotetra cidiflora Disciria tounatou 

Ceanoth-is parvifolius CynDoetra hankei Distemonanthus benthasianus 

Ceonothus prostratus Cynometra leonen5is Dryas drumondii 

Ceonothus rigidus Cynometra raoiflora Dryis integrifolia 

CeGnothus sanquineus Cynometra retusa Dryas octopetilia 

Ceonothus sorediatm Dalbergia baroni Duparqueba orchidicea 

Ceonothus thyrsiflorus Dalberqia cearensis Dussia di5color 

Ceonothus velutimus Dilbergia cochinchinnsis Dussia airtinicensis 

Ceratonia sdiqua Dalberg:a cubilquitensis Elanonus angustifolia 

Cercidium floridum Dilbergia greveana Elieignus argentea 

Cerddiuo prucox Dalberqia latifolia Elaeagnus commutata 

Cemeius torreyinu4 Dalbergia aelanoxylon Elaeagnus edulis 

Cecis siliquastru4 Dalberq) ,sigra Elaeagnus longipes 

Cerco:arpus bellulaides Dilberva Wtsa Elaeagnus sacrophylla 

Chid!cioiia sanquinea Dalbegia sissoo Elaeagnus oultifl,:ra 

chordospartium steyensonii Dilberqia spruciana Elaeagn-is pungens 

03dristis platycarpa Dalberqia steyensDrii Elaeagnus rhasnoides 

Cladrastis sinensis Dalbtrgiella nyasae Elteignus umbellata 

Clathrotropis braChypetdli Dalea spinosa Eligoocarpus cynetraides 

Uattrotropis sarrocarpus Daniellil agea Elizibetha d1irissioa 
rld, -,rop:s olivera Elizabetha princeps 

-olopnoE,perout mapane Daniellia thurifera Endertta spectabilis 

tolyllica racemosa Cansera procera Englerodendroo usambarense 

Cooptonia peregrini (M.asplenifolia) Delaportea arikata Entida ibyssinica 

Cordejuxia edulis Delonix baccal Entada phaseolvides 

Cordyla africana Delcnix elata Entada sudinica (E.africanum) 

Coriaria angustissima Delonix regia Enterolobium cyclocarpue 

Coriaria arborea Denistophytut ikadigascariense Enterolobius schoaburgkii 

Coriaria interoedia Derris indica Enterolobius tisbouva 

Coriaria j.aponica Detariua senegilense Eperua falcita 

Coriaria kingiana Demewn bilabiata Eperua jensani 

Comria lurida Dialium enqleranua Eperua purpurea 

Corkria eyrtifolia Dialius pachyphyllum Erythrina abyssiniE8 

Coriaria plutosi Dialius 2enkeri Erythrina berteroina 

Coriaria pottsiana Dichrostachys cinerea Erythrina caffra 

Coriaria pteridoides Dichrostichys glomerita (D.cinerd) Erythrina crista-galli 

Coriaria sarmentosa .0ichrostachys spicata Erythrina fusca 

Loriar.a thysifelia Dicorynta quianen5is Erythrina glauca 

Craib.a biptisarus Dicraeopetalum stipulare Erythrina indica 

Crai:ja breyicaudita Dicyote altsoni Erythrina lithospermi 

rajLia grardifiora Dicyabe corytibc5a Erythriva sonospert3 

Crud"a gabonensis DideWia africana Erythrina orientilis 

trcdia p2rivaa Dicorphlandra davisn Erytt-rina poeppigiana 

Cyc!obiuc brasiliense Dinizia excelsa Erythrina suberosa 

lycic'obiui vetchii D.,physa floribunda Erythrophleum africanua 

Cylicodiscus gabunensis Diptlysi robitioldes Erythrophleue ivorense 

Cfabosepalum baroni Nplatropis purpurea Erythrophicus suaveolens 

Cynooetra alexanuri Dipteryt odorata Etabillia dubia 

Cynometra anapta DptKy, triioh2ta Europetalus batesii 
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Eurypatalum tessainii 
Etostyles venusta 

Jndopiptadenl a oudhensi s 
Ipga altissima 

Leucos'.egane lati stipul ata 
LibrevilIea Ilainei 

iytysharatia amo-rphaides 
Eyseahardtia per.insularis 
Eysenhardtza texana 
Ferreirea spectabilit 
Fillaeopsis discaphc~ra 

Irpga edulis 
Irnga#euiiei 
!nga a urna 
Inja oerstediana 
Inqa paterna 

Loiesenera Wiantha 
Lwzhtocarpus capassa 
Lunhocarpus latiielius 
Lonchocar-pus punctatus 
UvO1hccarpus utilis 

Fissica!yx fendleri 
"ordia cauliflora 
Gagnetina tairiscina 
6enista sp. 
6eoffroe decorticans 

Inga vera 
Inacarpus edulis 
Instia acuainata 
Instia bakeri 
Instia bijUg? 

Lconchocarpus violaceus 
Lysidice rhodostegia 
Lysilosa auritum 
Lysiloma bahatensis 
L-isilaua divaricata 

6eoffroea spinosa 
6zibertioden~ron deisanstrans 
Gi Iletiodendrpr klanei 

Instia paleabanica 
!ristia plurijuga 
isti~a retusa 

1ysilama 1ati~iliqua 
Lysilasa thornberi 
Nai mrni 

fiedlitsia amorphoides Isaterlina schefflera Naaidia chinensis 
Evditsia caspica 
NIeditsia japonica 
6ieditsia sinensis 
Gleditsia triacanthes 

Iscberlinia argotensis 
Isoberlinia dalzietit 
lsoberlhrna doka 
Isoberitnia tomentasa 

flaackia floribunda 
Machaerium robinifol jus 
flachaeriua schoitburgkii 
flacroberlinia bracteosa 

61rwcdia ehrenbergii !somacrolobius leptorrachis Hicrozamia corsunis 
Glirici,,:a SIaebii 
Bhr1i~'dia sepium 
6aldaania ioetida 

Jacqueshiberia quinquangulata 
Julbernardia qlobiflara 
Julberniardia huchreutifneri 

Marrousaia riedli 
flariltoa grandiflc'ra 
flaniltoa scheffera 

6*,ssweilerodendron balsamiferum 
5.2urliea decorticans 

Juiberrnardia aagriistipulata 
lulbernardia paniculata 

Mari'aarxylon racemosua 
Martiodendron ercelIsus 

Suibo.-jrtia caieosperma 
Buibourtia conjugita 
6jibourti. demeusei 

Julbernardia seretii 
Julbernardia unijugata 
galappia celebica 

flelanorylon brauna 
Michelsoni sicrophylli 
flicroberlinia brazzavillensis 

Guiboirt;aj schhebenii Kingiodenidron atternkfolium Milbraediodendran excelsum 
Svanncladus dicica Kingiodendront pinnatum Hilttia dubia 
Haeaato.lon brisiletto 
Haeaatoxylcn cempechianum 

roonpassia ercelsa 
OOIPMsJJ taIALCen,'SS 

fl~ettia grandis 
Millettia laurentii 

Haplorsorsia sonophylla 
Hariwickii binata 

Laburnum alpinus 
Laburnue anagyroides 

Millettii ribiginosi 
Millettia stuhluannii 

Pardwickia pinnata 
Hirpalyce cubensis 

Laburnum pratense 
Lebruniodendron Iepthanthun 

Millettia thonningir 
flullettia usaratensis 

HebEstigia cubense 
Hesperolaburnus platycarpus 

Lecointea ditazonica 
Lennea robinicides 

Mlimosa bracaatinega 
Hnuoss scabrella 

Hesperothabnus littoralis Leonardora aifricana Mimosa tenuiflora 
Heterosteav Aimasoides 
Hippophap rhainoides 

Leucaena coll13nsi i 
Leucaena diversifolua 

Mumozyganthus carinatus 
floldenhauera floribunda 

Holotalyx balansae 
Huaboldtia faurifolis 
Hylodendrom gabunionse 
Hyieniea confertiflora 

Leucaena esculenta 
Leuciena lanceolota 
Leucarna leucocephals 
Leuciena Aacraphylla 

fonopetalanthus pteridophyllus 
fonopteryx angustifalia 
"Wanschisaa Ieptostachyus 
Nlor&excelsa 

Hymenaea courbaril 
Hymenolobius texcelsua 

Leuciena puiverulenta 
Leucaerna retusa 

Nlora gonggrijpii 
Ikiellert frutescens 

Hysenolobiue nitidur Leucaena shannoni Mundulea sericea 
H-feenostegia floribunda Leucaena trichodes N4yricd adenophora 
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Myrica asplenifolij 
Myrici carolinensis 
Myrica cerifera 
flyrica gale 
Myrica javanici 
Myrica pensyl vanica, 
Myrica Pll-.;.'-I:era 
Myrica pubescens 
Myrica rubra 

Farkii clappertonisna 
Pirkia filicoidea 
parkil javinica
ParPid roxburghii 
Parkia speciosa 

Park ia tinoriana 

Parkinsonia sculeati 
Parkinsunia africana
Pellegriniodendrah diphyllue 

-plitysisclus disorphandrus 
Platycisciall pinutum 
Platyliscius trinitatis 
Platyliscium ulei 
PL;typodiun elegins 
FIRY50alut vanhDuttei 
Plitysepalum vjolj eujj 
Flatfsepalus viclouttel 

Myrica sapida 
Myrica serrita 
Myrocarpus fistigiitus 

Fvltoo nc catingue 

Mtowe derisiflara 

Podupetalum ormondii 
Poecilanthe effusa 
Poeppigia procera 

Myrocarpus froodasus peltogyne eycelsa Fogucybe entddoides 

Myrosoarmut irulescens 
Myraxylon balsamus 
Myroxylon pereirae 
Myroxylon peruiferum 
NeorNevaliemlendron stepbanii 
Heodunqld itrocyanea 
Heoharesia madagascariensif 
Newtonia buchananii 
Newtonia hildebrandtii 
Nctodor gracilis 
Notospartivil qlabrescer'. 
Oddoniodendron licranthum 
OleiocarpDn panamense 
Olneyd tesota 
ormosid coccirea 
ormcsia flosei 
DrEcsia sonosperma 
Ostryoderris gabonici 
Dstryoderris stuhlannii 

PWOPholus adnatus 
Peltophorue dasyrrhachis
h1topfoorus ptorocarpus 
Peltophorm vogelianut 
Peoltaclthrd eetve!demi 
FentacP11hri macrolona 
Pentaclethra oacroo,ylla
Pericapsis arqGIeP5'S 

Pericspsis elata 
Fericopsis mocmiana 
Petaladenium urcealiferulk 
Phyllocarpus hedelh 
Ph'yllocarput septentricnahs 
Phylloxylon xiphoclada 
Phyllc-ylon xylophylloides 
Fictetia aculeitj 
PHIOSU94a salabaricus 
Piliostigna reticuialup 
Piliostipa thonningii 

PolYstemonanthus dinklagei 
Pongatia pinnzla 
Pricria copiife'ra 
Prosop4s africana 
Prosopis alba 
Frosopis articulati 
Prosopi5 chilensis
Frosopis " 

ciperaria 
Prosopis dulci 
Prosopis glandulosa 
Prosopis juliflora 
Prosopi5 kup.t:eie 
Prosopis nigra 
Prosopis pallida 
Prosopis ruscifaiii 
Prosopis tamarugo 
Prosopis velutina 
Pseudosaranea quachapele 
Psoredendron spinosug 

Dugeinia cojeinensis 
hystigia oannj, 
hystigma Isoo 
Whyelasma tessmannij 
'ahudia galedupi 
Pahudia rhombcidea 
Palcue quianensis 
Pdloy"psis emarginata 
Pinu,,Ea lorgifolia 
Pira2aciaprium schosburgkii 
Farancrolobium coeroleue 
PirapiDtadenia rigida 
Parasponia andersonii 
Parasponia parviflora 

Parisponia rugosa 

Parkia afriCand 

Parkia big;andulosa 

Firkia biqlabo!,a 

Piptadma excelsa 
Piptadenia macrocarpaPiptidesia paraquaynensis 
Piptidenidwum africanum 
Fiscidia piscipula ' 
Fithecellobiuo adinocephalum 
PithecellDbius arboreum 
FithecellObius caribeboense 
Fithrrellmitut ca-A ifIortit 
*, thece? Iobi t:a col!ln4a 
pi thFcrll cb i-&du!ce 
pi thece" IC51,14 fIvIcaule. 
PitheCeIIONCA J171nga 
PI.,heceHoblus Iobittim 
PlagiosipLon 0isciier 
Plathymerw reticulata 

Platycelphiem cyanin0up 

Platycyamus regnellit 

Plat-ycyaxus ulei 

Fterocarpos Angolensis 
Pterucarpus blancoi 
Pterocarpus echinatus 
Ptorocarpus inditus 
Pterocarpus marsupiua 
Fterocarpus offidnalis 
Pterocarpus pUdDLarpus 
Fteracarpus rotun,jfolius 
Pteracarpus Sintaloides 
Pterocarpus sericeus 
Fterocarpus soyauxii 
Nerocarpus steve:,sonj, 
Fterocarpus vidalianus 
Ptercpdon emarginatus 
Pterogype rite'ns 
Ppiertiodendron coqolanal 

Rasorinoa girolie 

Recordoxylan 4sizonicus 

Robinia hispida 
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So;hara tosentosl lanthocercis usbesisci
Rubinii Pecimcana 

leroderris stuhloannii
Rob!r,-,a peudoacacia Sopropis palmeo 
Zylil evansn
Spirotropis longl-folia
Robima wiscosa 

lylia ghesquieref-
Stachyothyrsus stsudtii
Sabinea flarida 
tyli, xylocarpa _Sakoanala madagascariensis Stihlia aaritisa 

Satanea pedicellaris steinbachiella leptoclada Yucaratonil broningii 

Sasanea polycephala Stetonorcleus ticrinthus zenla insignis 
lenkerelli citriniStarkielli vitlensiS
salanea salan 


Strusbacarpa strombulifers lenkerella citripa

Sasaned saainiqua 
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ECONOMICALLY IMPORTANT NITROGEN FIXING TREE SPECIES
 

(J. L. Brewbaker and brianT. Styles. eds. 
Prepared for Bellagio Workshop; Document #2AY 

Format:
 
SPECIES (FAMILY)
 

1. ORIGIN; HEIGHTSHAPE
 
2. USES AND CHARACTERISTICS
 
3. ADAPTATION (INCL.MIN. RAINFALL)

4. COMMENTS, CHROMOSOME NO.
 

ACACIA ALBIDA DEL. (MIMOSOIDEAE: LEGUMINOSAE)

1. Africa and 
Israel, to 20 m; leafless in rainy season

2. Forage (pods. foliage), shade
 
3. Dry tropics, Sahel (to 300 mm min)

4. Slow growth 
 2n=26
 

ACACIA AURICULIFORMIS A. CUNN. EX BENTH. 
(MIMOSOIDEAE: LEGUMINOSAE)

I. Australia, New Guinea; 
to 30m, spreading

2. Fuelwood, pulpwood; .b sp.gr.; 15 m3/ha/yr

3. Wide adapt., acid soils; humid tropics (750 ram. min)

4. Not too tolerant of drought? fire? winds? 
 2n=26
 

ACACIA CONFUSA MERR. (MIMOSOIDEAE: LEGUMINOSAE)

1. Philippines, Taiwan; 
to 14 m, spreading

2. Firewood (high sp. gr.), 
ornamental
 
3. WL suhtropics (to 750 mm min), acid soils 
4. Slow growth 2n=26 

ACACIA FARNESJANA (L.) WILLD. (MIMOSOIDEAE; LEGUMINOSAE)

I. Tropical America; 
to 10 m, often shrubby

2. Fuelwood; 
 forage, tanning; perfume from flowers; ornamental;


black dye used to make ink
 
S. Dry tropics; wide variety of 
soils
 
4. Very thorny; can be weedy 2n=52
 

ACACIA MANGIUM WILLD. (MIMOSOIDEAE; LEGUMINOSAE)

1. Australia and Papu,,New Guinea, Indonesia; to 30 m, erect, stately2. Timber (.65 sp gr), Firewood?, to 30 m3/ha/yr

3. Moist tropics (to 1000 mm min), 
acid soils?
 
4. Insects on 
leaves, genetic variability
 

ACACIA MEARNSII WJLLD. (MIMOSOIDEAE; LEUUMINOSAE)

I. Australia; to 25 m, spreading

2. Fuelwood. charcoal, 
 tannins; 
 dense wood (.75 sp.gr.), to 25
 
mZ/ha/yr
 

3. Moist sub-tropics, mid elevations: 
to 800 mm min?
4. Can become weedy 
 2n=26
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ACACIA NILOTICA (L.) 
WILLD. EX DEL. 
(MIMOSOIDEAE; LEGUMINOSAE)
I. Africa and India; to 20 m. usually less2. Firewood. charcoal, 
fodder 
(pods, leaves), tannin and gum3. Dry tropics (but thrives under irrziation)
4. E':tremely thorny, variable 
 2n=52,104
 
ACACIA SALIGNA (LABILL.) H. WENDL. 
(MIMOSDIDEAE; LEGUMINOSAE)
1. W. Australia; 
shrub or 
small
2. Fodder; tree to 7 m
fuel; sand-dune fixaticr; tannin; recolonizationmining areas; of
S. Humid erosion control ornamentalto subhUlid tropics; 3'0-100)O0 am. rainfall; adapted toboth sandy and swiimpy sites4. Rap:Ld growth outs2de'native 

wind2, 
areas; tolerart to dr.ought. salt,and fire; may become weedy 

ACACIA SENEGAL (L.) 
WILLD. (MIMOSOIDEAE. L.EGUMINOSAE)
1. Africa, Pakistan, India; to
2. Firewood. charcoal; 13 m,otten shrubby
to 5 m3/ha/vr, 
cum arabic, 
 feed (pods,
foli age)

Dry tropics (to 200 mm min), poor c oil,hot4. E~xtremely thorny, becomes weedy n=26 

ACACIA TORTILIS (FORSI:.) HAYNE (MIMCISOIDEAE:1. AFrica, Sahel, LEPIIMINOSAE)Israel, Arabia; to
2. Firewood, dense; fodder 
15 m, often shrubby; 

Dry tropics (to 
(pods, leaves)

106 mm min), heat tolerant, alkaline soils4. Thorny. lateral roots
 

ALEIZIA FALCATARIA (L.) 
FOSBERG (MIMOSOIJEAE; LEGUMINOSAE)
I. Indonesia, New Guinea;2- Pulowood4 soft. 45 m.33 sp. 
to 
gr., moldings, boxes,3. soil improvementMoist tropics (to IOCQt mm min). midlands4. Soft wood, poor fue) 

ALBIZIA LEWmcEK 
(L.) BENTH. (MIMOSOIDEAE. LEGUMINOSAE)
1. Tropical Asia and Africa;2. Fuelwood (high to 30 mvalue, 520() kcal/kg), foliage for feed, yieldsto 5 m3/ha/yr, fuenlttre3. WidT adaptability: c-\' and moist tropics4. Slow orow.- h (to 600 mm min) 
2n=26
 

AL fls-"UMINATA 0. KUNIZE (PErULACEAE)
I . .. Am(r-i :,; to - .2. Fire.ood., sp. gr. 

(n or mnor t,
.5; timber.to3. Cool 15 m3/ha/yr; shoestropic hiqhlands to 3000 a), moist (1_50 mm min)4. Not heat or drought toilbrant 

ALNUS GLUI'1110 (t (..)
1. Europe (;w:I N. (LI ULLUIF )to I,). Asia; A Mireia- to N. Africa;2. Energy production (fl): to 4) msoil stabilization,
banks, roadsides. e.g. rivermine wastes; shoes; sp.gr.Widely .52adapted temperate or s,.ibtropical, to 500m4. Not drought tolerant 


2n=26 

http:timber.to
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ALNUS N4EPALEN$ S D. DON (EiETULACEAE) 
1. Himalayas; to 30 m 
2. Firewood but sp.gr. .35; utility timber and forage

3. Cocl tropic highlands to 3000m, mesic 
(800 mm min?)

4. Some insects, soft wood 
 2n=28
 

CALLIANDRA CALOTHYRSUS MEISSN. (MIMOSOIDEAE; LEGUMINOSAE)
 
1. C. and S. America; to 1' m. shrubby

2. Firewood; 
forage (high tannin) and green manure; sp. gr. .65
 
3. 	Moist tropics (min. 1000mm), cooler (above 50Om?); to 40
 

m3/ha/yr with annual harvest
 
4. Shrubby (=C. confusa Sprague & Riley) 
 2n=22
 

CASUARINA CUNNINGHAMIANA MID. (CASUARINACEAE)
 
1. Australia. to 35 m
 
2. Firewood, sp. gr. 
.7; shade tree; river bank stabilization
 
3. Cool tropics to warm temperate; 500 mm min.
 
4. Can be weedy (Florida) 2n'1S
 

CASUARINA EQUISETIFOLIA L. (CASUARINACEAE)
 
1. Autralia and Pac3fic 
lsl. to India; to 35 m
 
2. Fireocod, charcoal; sp. qr. 1.0, 
"best in world"; windbreak:
 

timb-r for postwood
 
3. Warm tropics, coastal areas: typhoon tolerant, very saline
 

tolerant; very saline tolerant
 
4. Conpices poorly?
 

CAUr..OR!iLA GLAICO SIEB. EX SPRENG. (CASUARINACLAE)

1. ALAtralia (N.S.Wales to 0ld.); to 20 m 
2. Firewood, ctarcoal, fericing, piles for seawater, windbreaks in
 

coastal areas: sp.gr. .98
 
3. Warm temperate to subtropics, coastal areas; salt-tolerant;
 

hez.vy clay soils
 
4. Produces root suckers and can be weedy (e.g. Florida)
 

CASUAr'IA JUNGHUNIANA-MI0. (CASUARINACEAE)
 
1. Indoneisia; to 30 m
 
2. FirtL-L'ood. charcoal, poles, piling; wood splits easily
 

rrpica1 lowlands and midlands, forming dense forests; wide pH

to! ..-- iro. moderate drnnqht tolerance 

4. 	 Little '-tudioc1; male clone (or hybrid) widely used in 
Thai j,-,rd 

DALBEF.:fi E2SSSO0 ROXD. (PFAPILIONOIDEAE; L2EUMINOSAE) 
1. Indian Subcontlnu2t; Lo _:.0 in 
2. Lumber. fuelwood, sp..gr. .68
 
3. W.arm tropic-,. mesic or 
arid (to 5J',I mm min); yields fast for a
 
Dalbergia. sl -iwby other standards
 

4. Slow gro.-'th 	 2n-20 



118 
Appendix 8q 


Page 4
 

ERYFrHRINA BERTOER;OANA URBAN FAPILIONOIDEAE; LEGUMINOSAE)
1. Tropical America; to 10 m; small crown

2. Live fence posts; soft wood which accepts wires and nails


well. forage; windbreaks: easily cloned 
3. Lowland and submontane moist tropics to 2000 m; 
 usually in
 
wetter areas 
but needs good d-ainage


4. Fast growth; resistant to wind 
 2n-42
 

ERYTHRINA FUSCA LOUR. (PAPILIONOIDEAE; LEGUMINOSAE)

I. C. & S. America, to 30 m; broad crown
 
2. Shade for coffee and cacao; live fenceposts; soft wood

3. Lowland moist tropics to 
1500 m; often in swamps or on poorly


drained clayey soils
 
4. Fast growth; effective green manure; 
easily cloned 2n=42
 

ERYTHRINA POEPPIG ANA 
 (WALPERS) 
O.F. COOK (FAPILIONOIDEAE;
 
LEGUMINOSAE)
 
1. S. America to'Panama; to 40m
 
2. Shade for coffee, ornamental; soft wood; paper pulp; forage,


mulch
 
3. Dry to me.s:!c tropics, to highlands

4. Fast growth; coppices and clones easily 
 2N=42
 

GL1RICIDiA GEPIUM 
(JACO.) WALP. (PAPILIONOIDEAE; LEGUMINOSAE)

1. S. and C. Amer2ca; small tr -e to I0 m
2. Firewood, timber, sp. gr. .75, fodder, 
 shade, ornamental;

easily propscated by cuttings, livinq fence, to 8 m3/ha/yr

3. Dry to humid tropics (1000 mm min), also saline areas
4. Tox:ic bark/seeds/roots; 
aphids on foliage 2n=20
 

INGA VERA (L..) EI.ITTON (F'APILIONOIDEAE; LEGUMINOSAE)
1. Caribbean. C. America; 
to 20 m

2. Shade for coifee, fuelwood (sp. gr. .75). timber, shade, honey

relatively fast growth


3. Humid tropirs (1000 mm min'), lowlands 
4. Little studied
 

INTSIA EIJUGA (ucILESR.) 0. KUNTZE 
 (CAESALPIINIOIDEAE;
 
LEGUMLNOSAE)
 
1. Southeast Asia, E. Africa. India; 
to 40 m, buttressed


Handsome timber. decking, truck bodies ("ipil" 
in Philippines),

highly resistant to rot: slow growth

3. hoist tropics, prob. 20u0 mm mire; 
4. Genetic variability 
 2n=24
 

LEUCAENA DIVERSIFOLIA (SCHLECHT) 
BENTH. (MIMOSOIDEAE;
 
LEGUMINOSAE)
 
I. C. America, to 18 m 
(with shrubby variants)
2. Fuelwood 
(est. .5 sp. gr.), shade, forage

3. Dry to mesic tropics, prob. 500 mm min, to midlands (1500 m)

4. Little studied, great Qienetic diversity 2n=52
 

4
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LEUCAENA LEUCOCEPHALA (LAM.) DE WIT (MIMOSOIDEAE: LEGUMINOSAE)

1. C. America and Mexico, to 
18 m (with shrubby variants)

2. Fuelwood, nurse tree, forage, small 
timber and pulpwood; sp.
 

gr. .55, some food use (podsseeds, leaves), energy plantations,

yields to 50 m3/ha/yr
 

3. Dry to mesic tropics, 500 mm min, lowland
 
4. Widely studied 	 2n-104
 

MIMOSA SCABRELLA BENTH. (MIMOSOIDEAE; LEGUMINOSAE)

1. S.E. Brazil & Argentina; to 12 m, thornless
 
2. Fuelwood, pulpwood, ornamental; shade for coffee; rapid growth?

3. Mid-elevation cool 
tropics and subtropics (flourishes at 2400 M,
 

Guatemal a)
 
4. Liltle studied
 

PARKIA JAVANICA (LAM.) MERRILL (MIMOSOIDEAE; LEGUMINOSAE)

1. Indo-Malaysia, Philippines; 
now widely pantropical; to 40 m,
 
umbrella crown
 

2. Timber, ornamental, seeds used in local medicine
 
3. Humid tropics to 1000 mm; 500-700 m elevation
 
4. Pest-tolerant; protected in Indonesia (also known an 
 P.
 

roxburghii G. Don.)
 

PARKIA SPECIOSA MASSK. (MIMOSOIDEAE; LEGUMINOSAE)
 
1. Thailand, Malaysia; to 15 m, thin crown
 
2. Food (seeds from large pods)
 
3. Humid tropics, to 1500 m elevation
 
4. 	Seeds often insect infe-sted; slow growth; apparently hybrid

izes with P. javanica; recalcitrant seed
 

PARKINSONIA ACULFATA L. (CAESALPINIOIDEAE; LEGUMINOSAE)
 
1. Americas; to 20 m, spreading
 
2. Fuelwood; fodder; ornamental; fences; local medicine
 
3. Widely adapted, to moist tropical and dry areas, 
also sandy
 

and saline soils
 
4. Very thorny; weedy in Argentina 	 2n=28
 

PITHECELLOBIUM DULCE "(ROXB.) BENTH. 
 (MIMOSOIDEAE; LEGUMINOSAE)

1. C. to S. America, to 20 m, irregular and untidy spreading tree

2. Fuelwood (to 5500 kcal/kg), smoky; forage, construction
 
postwood, shade (thorny hedges), food (pods), some tannin and oil
 
(seods) 

3. Very w2de adaptability, from dry to humid tropics and to cooler
 
elevations (So. Florida)
 

4. Thorny (segregating), poor form 	 2n=26
 

PONGAMIA PINNATA (L.) PIERRE (PAPILIONOIDEAE; LEGUMINOSAE)

I. Indian subcontinent, Malaysia, China, Tropical Asia; 
to 8 m
 
2. Firewood, fodder (leaves), oil (seeds), pest control (leaves),
 

shade tree, medicine
 
-3. Mesic tropics (min. 600mm), 
saline tolerant; to full height in
 

5 yrs.

4. Aggressive spreading roots; 
also known as Derris in~ica (Lam.)


Bennet
 

5~
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PROSOPIS ALBA/r4HILENSIS "Comple:x"

(Includes 
P. alba Griseb. and P. chilensis (Mal.) Stuntz; also
P. flexuosa and P. nigra)

1. Argentina, Paraguay, Chile, S. Peru; 
to 15 m
2. Firetvood, occasional use as timber; fodder (pods); to 12 
ma/ha/yr


3. Cool dry subtropics (200 mm min); 
to 3000 m in Peru
 
4. Thorny (segregating) 
 2n=28
 

PROSOPIS CINERARIA (L.) DRUCE (MIMOSACEAE; LEGUMINOSAE)

I. India, 
to 9 m, thorny, spreading

2. Firewood, e,:rcellent charcoal; fodder, some timber; greenmanure, 	 ,yieldsto 3 m3/ha/yr (under drought stress)


Dry hot tropics, to 100 mm min?
 
4. Thorny (segregating), weedy
 

PROSOPIS PALL IDA/JUJLIFLORA "Complex"

(Includes P. pallida (Humb & Don 
ex Willd) and P. juliflora


(Swartz) DC)

1. C. and No. S. Amerira; to 15 m, aggressive
2. 	 Firewood (.8 sp. gr.). e:xc. charcoal; fodder (pods), honey,

wood, to 5 m3/ha/vr
3. Dry hot tropics, to 20-1 mm in; deep roots, some var. frost

tolerant 
4. Thorny (segregating), often weedy (P. glandulosa and P.velutina are the mesquites of So. 
USA and elsewhere in tropics,


often labelled juliflora in error) 
 2n=26,52,56
 

PROSOPIS TAMARUGO F. PHIL. 
 (MIMOSOIDEAE; LEGUMINOSAE)
 
1. Chile, to 15 m,

2. Firewood, forage (pods, leaves), 
some use use (high sp. gr.)
3. Dry hot saline tropics, to 10 mm 
(uses fog drip?); remarkable
 
saline tolerance
 

4. Slow growth, thorny but segregating?
 

PTEROCARPUS INDICUS PJTLLD. 
 (MIMOSACEAE; LEGUMINOSAE)

1. S. E. Asia, Indo-China, Pacific IslandS; 
 to 40 m, broad crown, 

lofty
2. Choice timber 
(narra), ornamental. furniture, flooring
 
3. Moist tropics; relatively fast growth4. Needs deep soil: some diseases 
 2n=22
 

ROBINIA FSEUDOACACIA L. (PAPILIONOIDEAE; LEGUMINOSAE)
1. N.E. America. to 25 m
2. Fuel wood (dri-nse), erosion c:ontrol, nurse tree, posts.


to 20m3/ha/yr; forage 
3. Temperate
 
4. Restricted to highland tropics (little tested) and 
temperate regions 2n-20, 22, 24 

6
 



(JACO.) MERRILL (MIMOSOIDEAE; LEGUMINOSAE)
SAMANEA SAMAN 

to 40 m. wide spreading
1. 	C. & So. America. Mexico; 


timber and craftwood, food (pod), sp. gr. .52,

2. 	Shade, 

ornamental
 

3. Mesic to wet tropics (to 60,) mm min) 
4. Not good fuelwood, rapid qrowtL 	 2n-26 

(PAPILIONOIDEAE; LESUMINOSAE)
SESSANIA GRANDIFLORA (L.) POIR. 


to tom. slender1. India to SE Asia. 
food (flower, leaves, young
2. Pulpwood, forage (leaves, pods), 


sp. gr. .42; to 22 m3/ha/yr, large nodules
pods), ornamental; 


3. 	Moist tropics (1000mm min), onto poor soils
 

wood, borer susceptibility

4. Genetic variability, srift 


2n=14,24 
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NFrA E2-O4B 

ECONOMICALLY IMPORTANT NITROGEN FIXING TREE SPECIES

."B" LIST
 

(James L. Brewbaer and Brian V.,Styles, Eds.
 
Prepared for Bellagia NFT Workshop, Sept. 1982)
 

The following species were considered Important economically, but
 
of less importance than the annotated 'A" list.
 

The first list includes species known to fix nitrogen, while the
 
Second list are not known to fix nitrogen, which may account for
 
their absence from the "A" list.
 

A cn c -- -n ura 

Acacia aulacocarpa
 
Acacia caven
 
Acacia holoserlcea
 
Acacia karroo
 
Acacia koa
 
Acacia mizlanoyylon
 
Acacia peuce
 
Acacia punnata
 
Acacia sz.icina
 
Acacia seyal
 
AcroCrpL!s fraxinifoliu%-

Acenanthera pavonina
 
Albizia procera
 
Alnus rubra
 
l-4ar-4-n-cr i st ate 
Casuarina g-andis 
L:, ,=ria obasa 
Casuarina oligodon
 
Casuarina sumatrana 
Dalbergia latifolia 
Enterolobium cyclocarpum 
Erythrina indica 
Erythr-na orientalis 
Haematoxylon brasiletto 
Inga edulis 
Inga paterna 
Lyci or-. bahan.ansis 
Mimnaoa tonuiflora 

Fro.opi i alandulosa (a complex, including P.,.glandulosa 
P. torreyana and P. velutina) 

-rosopis pube zcens
 
hizolobI unm parahyba 
 Casmla lavanica
 

Ca mslSi. amea 
Cedrel inga catenaeformis
 

14-fi xation unknown or uncertain: 'Ceratonia 6Ili qua
>aesalpinia cori aria Cerclidi um flIordium 
:assia iistula Copai fora I anwdarfI i 
:assia grandis Dfphysa robinioldes 

eGeoffroea, decorti canm 
Kocuipassia e:cewlsa 
Pel topharum pterocarpum
Pithecel obium jirirga 
Sindora javanica
 
'Tadarindus indica 1y, 



Albizzia mollis
 

Artocarpus lakoocha
 

Bassia butyracaea
 

Bauhinia longifolia
 
B. variegata
 

Brassiopsis hainlL
 

Castanopsishystrix
 
C. indica
 
C. tribuloides
 

Erythrina arborescens
 

Ficus lacor
 
F. nemoralis
 
F. glaberrina
 
F. roxburghii
 
F. semecordata
 

Litsea citrate
 
L. 2olyantha
 

Morus'alba
 

Prunus cerrasoides
 

Quercus incana
 
Q. lamellosa
 

Salix app.
 

Sarauria nepaulensis
 

Schima wallichi
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Fodder trees for Nepal hills 

Source: Kessler (1981) 



Savanna trees of nutritional importance in Nigeria
 

Source: Okafor (1980) 

No. Species Family Parts Edible* No. Species Family Parts Edible* 

1 2 3 4 5 67 89 10 

I. anneo naicrocarpa 
2. Pseudospondias rnicrocarpa 

3.. Scierocavrlabirrea
4. Spnndias mombin 
5. Annona senegalensis 

6. Ilexalobus monopetalus 
7. Balanites aegypiaca 

Kigelia dfricana9.9. Adansonia digitata 

10. Bnombao costatun 
It. Bnrba er otant 

. Cibpenanda 
I2. Conarium -chwcinfurthii 
13. Afzeia africana 
14. Barachistegia curvcoma 

15. Daniallia oliveri 
16. Defarium microcarpum 
17. Dialiun guincensc
18. Tamarindus indico 
19. Crateva adoansonii 
20. Parinari curaellhfolia 
21. Diospyros elliotli 
22. Diospyros mespiliformis 
23. An rides'narenoszsm 
24. Irvingia miithii 
25. Str chnos innocua 
26. Strv', mo$ spimosa
27. Parkiaclappergoiona 
28. Prosopis africana 
29. Fic,,, capnsis 
30. Ficu polia
31. Moringa oleifera 
32. S~'zi-piurn Sitineense var. 

Anacardiacea 

Annonaceae 

Balanitaceae 
BminoniaccaeDomnbacaccae X 

" X 
Burscraceac 
Caesalpinaecae 

X 

Capparidaceac X 
Chrysobalanaceae 
Ebenaceae 

"" 

Euphobiaceac 
Irvingiaccee 
LoganiaceaC 

Mimosaceae 

Moraceae X 
" 

Moringacear X 

X 

X 

. 

Xpina-chrisvi 
X 

X 
X X 
X 

X 
XX X X 

X 
XXX . X 

X 
X 

X 

X X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X X 

x 
X 
X 

X 

10 

X 

X X 

X 

X 
X 

X 

35. Phoenix reclinata 
36. Raphla sudanica37. 

Pterocarpus 

tantalinoides 

38. Ziziphusmourtiana 

39. Ziziphus spina-christi var. 

40. Gardenia erubescens 
40. Gardea caufo/ia 
41. Ahouclealaglfolia 
42. Aphanjanalenjis 
43. Blighia sapida44. Zanha gohngenstis
45. " Butyrospermum parodoxumt

subsp. parkii
46.Pc')teabrips"46 Pachyste,1la breripes
47. Sterculia tragacanthabcolor 
49. Gre wia molo 
50. &Igis intgrifnlia 
0XSI. iteona 

51. Viex donicna 

'I'arts I-dible 
3: Leaves 7: Flowers 
4: Bark 8: Roots 
5: Fruit 9: Oil 
6: Seeds 10: Local beverage 

Palmne 

Papilonacee 

PRhamnaceae 

Rubiaceac 
"" 

Sapx 
Sapindaceac 

Sapotaceae 

SterculiaceaeTiliaccac 
Ti 
Ulmaveae 
Vracae 
Verbenacae 

X 

X 

X
X 

X 
X 

X 

X 
X 
X 

X 
X 

X 
XxXX 

XX 

X
X 

X 

X 

X 
x 

aocrocarpgn, 
33. Borassus aerhiopum 
34. ,locis guineensis 

Myrtaceae 
PalmaC 

X 
X 
X 

X 
X 

X X 
X 

X 
X 

CO 



CAB's Online 
SOerv ices SML FERTtZE CL beetao uly aquaintd with t CAD ASTACTSWEED CONTROL daltabo. To help achieve ths, CAB regularly hold 

oneday online user workshops throughout the world. 
Thue ~lp CAD would Rho be Intertsted to h.-r from ongnintiocaprepired to hot zui wotlc,hops. 

ym *M need a
CAB ABSTRACTS, 

computer terminal to access a host comp6ter vim tetk 
To mrch 

The CAB ABSTRACTS database Is available onlne communicatfons system mch as TYJMNET. TELF. 
through various hosts inchding Lockheed Dialog. NET, or EURONET.
SDC O bit. Europen Space ASency's I.R.S. A AddiionaDIMDI. 

DIM. 4 CAR staff anemailble to gIvheIt covers 1973 to the pre-nt Vd cotains over a T tbrt hse and adlvise on earc ig techniques and the contents ot th data
raton recoid.each year. I50".OoOadditonal records amalded Onli rchid' hhhly coct-rntan vei' is a c or ba. tesahI o ,ee v orbe 

carryIng out literature sorches. Relevant Huratur * A f.l CAB" me,*e ismaiable to provide helpan be round quickly and efficiently and prnt,-o ts - " and adie nd arr out requests.manrchobtained which sve hours or manual effort. Full 
abstracts coitainbn detoiled Information, am ail. CCopin of ow 3.00 retrospective earchisThe database covers the words literature on aicul 't online and may substitute for orilntadoC mentL aleady perfored are available at low cost. 

ure and related fields of aplied Nooc and *CAB cun provide copies of most origll doeu. 
conespcnds to CAB's abstract journals which cover The cod of searchin, CAB Is less thn £3V5pet hour ments i-icked In the daubase. These may be 
the followirn disc'plne:- computer time, plus a cha-V for telecomnuncationa ordered by post, or via the hosts online ,ument 

AVNVMSPZL &IGENITICS and printing. Most arches ccst loss than £0.DAVILMAL deltey Service.HEJTHARID LANDS * Magnetie tapes ore avaable for those wishing to 

DARltY CEN search CAB ABSTRACTS on their comw own 
ECOtNOMCS &SOCIOLOY CAB hs published a compi hvw search pude puter. 
ENINER.NG 'CAB ABSTRACTS Online". This describe, the 
EJ'TOMOLOGY&H1MATOLOY ontent amid format of the database, and smrching 'For ddtiomw information contact:-

F MROMCS Iechniques.
FORESTRY A FOREST 
FKELMITHOLOGY fahinn icer.
HORTICULTURtE & TAiACWOI A Woed List Is aso avalable from CAB. lThist CormoewealthApictltural Burnaux.

HUMAN &AN'AL NUTRITION tin pI ipl terms occurring i the descriptor field Fmham House,

MEDICAL AVETERINARY of the CAB ABSTRACTS database. A full Theaurus Fothbai RoyaL Slou U.K.
 
PARAWOOY a MYC.OY IsIn prepoacrati. Tel: Fsttham Commom 2281 Telex 847964
PASTIURES A FW CROPS Cabls COMAG, SLOUGH. 

V 

http:ENINER.NG


Appendix lOs 126 

P!age I 

Numbers of references located in CAB DATABASE through DIALOG
 

in preparinu 
this document (1972-83 lite::ature)
 

(A). Multipurpose trees
 

Subiect words 
 No. of references
 

Group I Roundwood 
 789
 
Poles 1077 
Canes 
 830
 
Rattans 
 34
 
Lumber 
 1162
 
Timber 
 7646
 
Sawnwood 
 38
 
Sawn 
 882
 

Any one or more 
 10899
 

Group 2 Firewood 
 215
 
Charcoal 
 1221
 
Fuelwood 
 505
 
Fuels 
 857
 

Any one or more 
 2588
 

Group 3 Fodder 
 11957
 
Nuts 
 •2056
 
Fruit 
 A.5299
 
Seed + uses 
 358
 
Foliage + uses 
 201
 

Any one or more 
 59109
 

Group 4 Extractives 
 737
 
Resin 
 3695
 
Medicinal" 
 2892
 
Pharmaceutical 
 1154
 
Roney 
 4721
 
Beekeeping 
 1578
 
Silk 
 591
 
Lac 
 337
 

moreAny one or 14887 

group 5 Shelterbelts 
 765
 
Shade trees 
 284
 
Windbreaks 
 513
 
Erosion + trees 
 266

Catchment + trees 64
 
Soil improve 
 288
 

Any one or more 
 1934
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Group 6 Soil conservation + trees 
 75
 

Combinedb- I plus 2 257 
1 plus 3 
 393
 
1 plus 4 
 202
 
1 plus 6 
 7
 
2 plus 3 
 110
 
2 plus 4 
 67
 
2 plus 6 
 3
 
3 plus 4 
 661
 
3 plus 6 15
 
4 plus 6 
 0
 
Any pair or more 1609
 

All above groups in FA/FPA 580 

i.e. Within the CAB database, in the last 10 years 580 references have 
been concerned with 2 or more groups of tree uses.
 

(B). Exotics and Weed trees 

Subiect words 
 No. of references
 

Exotics 
 1098
 
Introductions 
 28026
 
Non-indigenous 41
 

Any one or more 28199 1 Cobined 16 references 
Weed and trees 497 n 

(C)* Bibliographies 

Subject 
 No. of references
 

Bibliograph 
 4745
 

L The combination of Groups 1, 2, 3 or 4 with 5 were onitted in error 
during this search 
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INFO / DOC. ICRAF ... 

An interactive, userfrlendly agroforestry information
 
request s t ...
 

Some services we can provide to YOU 

The role of the Information and Documentation Programe
at ICRAF is 
to acquire, 	analyse, interpret and dissemi

%SoPNV 	 nate aboutinformation agroforestry. 
S 	 The Cuncil provides this service not only to it's own
 

staff, but in 
answer to requests from outside 
and as a
 
way to promote and support work in agrf-orestry.
 

For example, let us say you want Infomation on the
selection of candidate trees and crops for inte-crope 
 ping in the lowland humid tropics. Info/Doc ICRAF will 
refer you to some recent documents on the subject as


joc 
 well as some specific citations that are available atthe ICRAF library. Info/Doc. ICRAF will, if possible,

discuss your request with senior staff scientists, in

this case the Council's Forester and the Agronomist.
They will provi de some more references, and imterpret
what they know of the subject.
Computer searches can also be requested on the speciesin question and referral to scientists or research
VAS institutions undertaking this work can also be xade.
 

Colt 
% A first reply will be formulated. Itwill offer someInfomation and indicate what else the Council is under

taking to provide more information. 

Many requests have been received. For example, requests
concerning: the economics of agroforestry systems, candidate woody perennials for animal agroforestry, the effect
oft1rees on soil quality and grass Productivity, the use
of Sesbania 
grandiflora to reduce waterlogging on irrigation systems for example, and many others. 

Commonly, information is sought regarding tree species

with potential for agroforestry.
 

For many of 	these requests, the Information is just notreadily available, or more likely, what is available is
incomplete. To get at it requires some 
'di ging'and this
 
,9 takes time.
 

~opo/
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The result-corr.spondence between ICRAF and the source
 
of the request.
 

Info/Doc. ICRAF can 'plug yot into' the following
infonnation sources. 

At ICRAF:
 

The Anroforestrv collection of the ICRAF libray:3000 rorints-specific to agrofonestry and aFoiit
2000 books, monographs and reports. 

Manual searches can be done using a speC&% or
 
geographic index. 

Access to a local agricultural library which
holds most of the broader agricultural litera
ture of interest.
 

The ICRAF'PAroforestry Brain Bank' A idultidiscipll
nary team of senior scientists workinn at ,CRAFwith extensive and varied experience of tropical

land use 
systems and practices. Advice and inter
pretation can usually be obtained from this source. 

Removed from ICRAF 

- the computerized data bases that contain the con
ventional scientific literature reported in thewell known abstract journals - Agricola, CAB,
BIOSIS, etc.
 

Replies to queries can be received at ICRAF,Nairobi, within a month, sometimes within a week. 

- Specialized information centres located worldwide
and dealing with land use, tropical agriculture,
.forestry, livestock production, specialized commo
dity crops, fanming or cropping systems, etc. 

These are 
consulted via correspondence to under
take manual searches. Information sought from
 
these sources often takes longest to arrive but
 
can be the richest.
 

Included under this heading is the vast colonial
literature and the information services of some 
institutes of the Consultative Group on Inter
national Agricultural Research. 

AGRIS, the FAO coordinated International Information System for the Agricultural Sciences andTechnology. This is a computerized data base listing

non conventional literdture, much of which origi
nates from developing countries.
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Up to 9,000 citations are produced per montr,

by .GRI. 

Information centre; oealing with agrcforestry.
Examples are the AgricUlturas Information Bank
for Asia In the Philippines and CATIE In lurri
alba, Costa Rica.
 

ICRAF correspondents who are practicing agroforestry or who are undertaking research on the
 
subject.
 

For example. participants at any of several International conferences or workshops on the subject.
This is known as the 'invisible college' of agro
forestry workers worldwide. 

Conditions of tuse
 

Users can avail themselves of the agroforestry Information service 
as long as their requests deal with agro.forestr-. 
The definition of aqroforestry is appended to
this document. Agroferestry is 
not social forestry, ror
is it community forestry or village forestry, although It
may be included as a componert of these land use manage
ment systems.
 

Requests should be addressed to:
 

Frogrammie Coordinator
 
Information and Documentation
 
ICRAF
 
P.O.Box 30677
 
Nairobi.
 
Kenya.
 

Speed ofreply
 

It is our intention to provide a rapid reply to incoming
requests. Specific requests are most readily dealt with.
Of course, the rate of reply will 
depend on the number of
Incoming requests. Experierce has shown that there can
be a 
delay of up to six montrts (rare), but preliminary

information can be sent out within 4 
- 6 weeks. It is
helpful to include what the infor)aton is needed for
and if possible, a bibliographic citation.
 

Once a request is received, it is kept in an 
'active'
dossier while action Is initiated to recover the informa
tion needed.
 

When many requests are received, preference will be given
to answer those originating from developing countries.
 



Appendix lob 
Page 4 

The Outut - 14hatyougetj 

a .specialized sof rrnce prepared at 
ICRAF. This can take the form of a series ofPhotocopied index cards (see attached) from the
ICRAF library collection. 

This is quickly reproduced at ICRAF and mailed 
as a first-step in providing the infomation
required. If the citations are numerous, theyare sent without copies of the oriqinal document
The originator of the rquest identifies the one 
wanted. 

a computerized prntout of references for analys 
by tte originator. In some cases, depending on trequest and number of citations retrieved, ICRAF 
will seek the hard copies directly. 

pertinent TCRAF publirations 

advice or interpretation of information. In some
 
cas!-3, 
the ICRAF staff scientists are consluted
 
to provide advice. This depends on the availabi
lity of the staff. 

phtccopied documents. 
 These are provided when 
requested or when it Is thought they will be usef 
to those requesting the information. 

What Is in it for ICRAF? 

Infomation exchange is a 2 way street. In exchange for providing information, ICRAF develops contacts with AF researchersand can help to create a community of interest in agroforestry. 

Given that ICRAF is a Council to pronote agroforestry. The firstthing to be done is to link up researchers so they can derivemutual benefit from their own experience and provide impetus
to research in agroforestry. 

,,\) 
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NFTA 82-10
 

PERIODICALS, BIBLIOGRAPHIES AND GENERAL REFERENCES TO NFT
 

(James A. Duke and James L. Brewbaker, Eds. 
Prepared for Bellaglo Wor-kshop, Document #8) 

(Foreword: This list is just germinating, and we will appreciate
 
your help. It is intended to be a list of major bibliographies,
 
books and periodicals that deal laregly or wholly wi~h NFT on the
 
high priority list prepared at Bellagio; it is Ot intended to
 
be a comprehensive list of research publications).
 

1. PERIODICALS DEALING WITH NFT
 

Arid Lands Newsletter. Patricia Paylore, Ed. U. Ariz. Tucson,
 
Arizona. (Frequent mention of legumes for biomass, etc.)
 

Dean~i : -Ri =Cow ri t .R7 -Gunn -E - mi-th sor. -- =4nli-z-i ,
 

Washington, D. C. (Tax:onomically oriented; includes lists of
 
speci ali sts) 

BNF Bulletin. NiFTAL, P. 0. Box "0", Paia; Maui, Hawaii 96779. 
(Published 3 times annually; focussed on biological nitrogen 
fixation) 

Forest Research. CSIRO, P. 0. Box 4006, Canberrap ACT 2600,
 
Australia. (Monthly)
 

ICRAF Newsletter. Internatl. Council for Research in
 
Agroforestry, P. 0. *Box 30677, Nairobi Kenya. (Periodical;
 
announcements of publications and meetings)
 

ISTF News. Frank H. Wadsworth, .Ed. Irternationa,.Sic. .Tropical
 
Foresters, 5400 Grosvenor Lane, Bethesda, Md. 20814. (Quarterly;
 
news nottes, announcements of publications and meetings)
 

Leucaena Research Reports. J.L. Brewbaker, Ed. Nitrogen-Fixing 
Tree Association, P.O. Box 680, Waimanalo, HI, USA 
(Annual, publ. in July by CAPD, [niwan).
 

LISA. 1982. Diversity (Plant Genetic Resources Community) CSU.
 
302 Aylesworth., Ft. Collins, Colorado 80523, USA
 

Mimosoid Bulletin. 3. Vassal, Ed. Internatl. Group for the Study 
of Mimosoideae. Lab. Botanique, Univ. P. Sabatier, 39 Allees J. 
Guesde, 31062 Toulouse Cede::: France (Annual; Research articles 
and news, lists of scientists) 
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NFTRR (Nitrogen Fixinng Tree Research Reports). J. L. Brewbaker, Ed.
 
Nitrogen-Fixing Tree Association,' P.O.EBox 680, Waimanalo, HI,
 
96795, USA. (Annual; publ. in February by TISTR, Pahonyothin Rd.,
 
Bangkhen, Bangkok)
 

The Legume/Rhizobium Symbiosis: A Continuing Bibliography. NiFTAL
 
Project and MIRCEN, P.O. Box 0, Paia, HI 96779. (Periodical)
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2. MAJOR BIBLIOGRAPHIES AND PUBLICATIONS ON NFT
 

(NOTE: Numbers 
after species name refer to "general references"
 
in Section 3 below)
 

ACACIA ALBIDA DEL. 
 1,4,5,7,10
 
Felker, P. 1978. State of 
the Art: Acacia albida as a complementary
 

intercrop with annual crops. USAID Information Services. MSAID,
 
Washington, D.C.
 

ACACIA AURICULIFDRMrS A. CUNN. EX BENTH. 
 2,3,4,10

National Acad. Sciences (USA). 1983. Mangium and other
 

acacias. Innovations in tropical reforestation IV. National
 
Academy Press, Washington, D.C.
 
Wiersum, K.F. and A. Ramlan. 1982. Cultivation of Acacia
 

auriculiformis on 
Java, Indonesia. Inst. Ecology, Padjadjaran
 
Univ., Bandung, Indonesia (unpublished)
 

ACACIA CONFUSA MERR. 
 5,10 

ACACIA FARNESIANA (L.) 
WILLD. 4Sp5,6,89,10 

ACACIA MANGIUM WILLD. • ".,10
 
Davidson, J. 1982. Acacia mangim.- -uaiyptusand Forestry


Sevices, P.O. 419, Armidale, NSW, Australia. 110 pp.

National Academy of Sciences (USA). 1983. Mangium and other
 

acacias. Innovations in tropical reforestation. IV. National
 
Academy Press, Washington, D.C.
 

ACACIA MEARNSII WILLD. 
 2,3,4,5,6,10 
Sherry, S. P. 
 1971. The black wattle (acacia mearnsii de
 

Willd.). Univ. Natal Press, Pietermaritzburg, S. Africa. 402 pp.
 

ACACIA NILOTICA (L.5'ILLD. EX DEL. 103,4,5,6,10 
Greaves, A., ed. 1982. Acacia nilotica (syn. A. arabica).

Annot. Bibliography No. 000, Commonwealth Forestry Inqt.t 
 So.
 
Parks Rd,, Oxford, England.
 

ACACIA SALIGNA (LABILL.) H. WENDL. "Z,394P517 

ACACIA SENEGAL (L.) 
WILLD. 1,3,4,5,6,10
 
Ross, J.H. 1968. Acacia senegal (L.) Willd. in Africa, with
 

particular reference to Natal. Bol. 
Soc. Brot., Ser. 2, 42:207
240.
 

ACACIA TORTILIS (FORSK.) HAYNE 
 1,3,4,5,10
 
Mulhana, 
 ..D. and G. D. Arora. 1980. Acacia tortilis--a
 

promising fast-growing tree for Indian arid zones. 
 Central Arid
 
Zone Res. Inst., Jodhpur, Rajasthan 342003, India
 

ALBIZIA FALCATARIA (L.) FOSBERG 2,4,5,7,10
 

ALBIZIA LEDBEK (L.) 
BENrH. 1,2,3,4,5,7,8,10 
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ALNUS ACUMINATA 0. KUNIZE 3,10 

ALNUS GLUTINOSA (L.) GAERTN. 3, 10 

ALNUS NEPALENSIS D. DON 3,7,10 

CALLIANDRA CALOTHYRSUS MEISSN. 
National Academy of Sciences 

Innovations in tropical reforest
Press, Washington, D.C. 

(USA). 
ation. V. 

394,7 
1983. Cal

National 
liandra. 
Academy 

CASUARINA CUNNINGHAMIANA MID. 3,10 
Heathes, H. 1981. An annotated bibliography of casuarinas.
 

Internatl. Working.Group on Casuarinas CIUFRO). CSIRO, P. 0.
 
4008, Canberra 2600, Australia.
 

CASUARINA EQUISETIFOLIA L. 2,3,7,9,10
 

CASUARINA GLAUCA SIED. EX SPRENG. 3,10
 

CASUARINA JUNGHUNIANA MIQ. 3,10
 

DALBERGIA SISSOD ROXB. -4,5,7,10
 

ERYTHRINA BERTOEROANA URBAN 5,8,9
 

ERYTHRINA FUSCA LOUR. 5
 

ERYTHRINA POEPPIGIANA (WALPERS) O.F. CUOK 4,5,8,10
 
Russo, R. 0. 1982. Resultados preliminares de biomasa de la
 

poda de Erythrina poeppigiana &n Turrialba, Costa Rica. CATIE,
 
Turrialba, Cost Rica. 10 pp. (unpublished)
 

GLIRICIDIA SEPIUM (OCQ.) WALP. 3,4,5,7,8,9,10
 

INGA VERA (L.) BRITTON 3g5
 

INTSIA BIJUGA (COLEBR.) 0. KUNTZE 4,5
 

LEUCAENA DIVERSIFOLIA (SCHLECHT) BENTH. 10
 

LEUCAENA LEUCOCEPHALA (LAM.) DE WIT 1,2,3,4,5,6,9,10
 
Brewbaker, J. L. and E. M. Hutton. 1979. Leucaena--Versatile
 

tropical tree legume. In New Agricultural Crops, G. A. Ritchie,
 
Ed. Amer. Assn. Adv. Science. Publ.. Westview Press, Eoulder,
 
Colorado. pp. 207-259.
 
National Academy of Sciences. 1977. Leucaena; Promising
 

Forage and Tree Crop for the Tropics. Natl. Acad. Sciences,
 
Washington, D.C. 115 pp.
 
Oakes, A. J. 1982. Bibliography on Leucaena. Germplasm
 

Resources Center, USDA, Beltsville. Md. 171pp
 

MIMOSA SCABRELLA BENTH. 3,4
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PARKIA JAVANICA (LAM.) MERRILL 
 7
Hop;::ins, 
 Mi. 1983. Monograph of Parkia 
species. Doctoral
Thesis, Oxford Univ., 
Oxfor-C. England
 

PARK1A SPECI0OSA MASSK. 
 5
 

PARKINSONIA ACULEATA L. 
 3,5,7,8,10
 

PITHFCELLODIUM VULCE (ROXB.) BENTH. 
 3,4,5p7,9,10
 

PONGAMIA PINNATA (L.) 
PIERRE 
 1,3,5,7110
 

PROSOPR S ALBA/CHILENSIS "Comple:" 
 1,3,4,10
(Includes P. alba Griseb. and P. chilensis (Mol.) Stuntz; 
alsc

P. flexuosa and P. nigra)
 

PROSOF: 	CINERARIA (L.) DRUCE 3
Mann, 
 4. S. and S. K. Saxena, eds. 
1980. Khejri (prosopis
cinerarium> 
 in the Indian desert; 
 its role in agroforestry.

CAZRI, Jodhpur 342003, Rahasthan, India
 

PF40SOPIS PALLIDA/JULIFLORA "Complex" 
 1,2,3,4,5,7,, 9 1(
(Includes P. pallida (Humb & Bon ex 
Willd) and P. Juliflora
 
(Swartz) DC)


S'mpsbn, 
 B. B. 1977. Mesquite: Its biology in two desert
ecosystems. 
Dowden, Htitchinson & Ross, Inc., Stroudsburg, Pa.
 

PROSOPIS TAMARUGO F. PHIL. 
 1,2,3,4,5,10
Habit, M. A., T. D. 
 Contreras and R. H. Gonzalez. 
 1981.
Prosopis tamarugo: Fodder tree for arid 
zones. FAD 
PlSant
Production and Protection Paper 25. 
FAD, Rome, italy. 110 pp.
 

PTEROCARPUS INDICUS WILLD. 
 4,10
 

RODIN1. r'SEIUDOACACIA L. 
 2,4,5,7,10 

SAMANEA SAMAN (JACQ.) MERRILL 2,4,9,10
 

SEEASAtNIA GRANDIFLURA (L.) POIR. 
 4,7,8,9,10
sillet, J. r. 19??. 
Sesbania in Africa and southern Arabia.
K'ew Bull. 17(l):91-158. 



3. GENERAL REFERENCES TO NFT
 

1. Food and Agriculture Organization (FAD). 1980. Genetic Resources
 
of Tree Species in%Arid and Semi-arid Areas. FAD, Terme di Caracalla,
 
Rome. 118 pp.
 

2. Webb, et al. Guide to Species Selection, Commonwealth
 
Forestry Institute, S. Parles Rd., Oxford, U.K.
 

3. National Academy of Science (NAS). 1980. Firewood Crops Shrub
 
and tree species for energy production. NAS, Washington, D.C.
 
237 pp.
 

4. NAS. 1979. Tropical legumes: Resources for the Future, NAS,
 
Washington, D.C., 331 pp.
 

5. Allen, 0. N. and E. K. Allen. 1981. The Legumincsae. Univ. of
 
Wisconsin Press, Madison, Wis. 812 pp.
 

6. Duke, J.A. 1981. Handbook of Legumes of World Economic
 
Importance. Plenum Press, New York, NY
 

.hD -k--J.A., ed. Handbook of Energy Species. Information 
Summaries on 200 Energy Species. Plenum Press, New York, NY
 

8. Garciz Barrige, H. 1974. Flora Medicinal de Colombia. Botanica
 
Medica Imprenta Nacional. Vol 1, 561 pp. Bogota, Colombia.
 

9. Duke, O.A. 1972. Ethnobotanical Dictionary. Published by
 
the author, Fulton, Maryland.
 

10.Halliday, J. 1982. The Symbiotic Affinities of Woody Species
 
Under Consideration ap Nitrogen-Fixing Trees. A Resource
 
Document. NiFTAL, P.0.Box "0", Paia, Maui, Hawaii 96779
 

Possibly to add later: 

Little, E. L., Jr. and F.H.Wadsworth. 1964. Common trees of
 
Puerto Rico and the Virgin Islands. Agric. Handbook No. 249,
 
U.S.D.A., Washington, D. C. 548 pp.
 

Verdcourt, B. 1979. A manual of New Guinea legumes.
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Periodicals, bibliogra hies and general references
 

relating to multipurpose trees
 

(additional to those for nitrogen fixing trees shown in Appendix Ila)
 

A. Bibliographies, reviews, Reneral references
 

ATERRADO, V.R., RAIES, E.R. and SISON, J.C. 
 (1982). Agroforestry - anabstract bibliography. Southeast 
Asian Regional Center 
for Graduate
Study and Research in Agriculture, College, Laguna, Philippines, 120p.
 
BALICK, N.J. (1979). Amazonian oil palms of promise: a survey. Econ. Bot. 

33 (1), 11-28.
 

BALICK, M.J., ANDERSON, A.B. and FR. TAS DE SILVA, H. (1982). Palm taxonomyin Brazilian Amazonia: the state of systematic collectiors in regionalherbaria. Brittonia 34 (4), 
463-77.
 

BOLAJD, DoJ. and TURNBULL, J.W. (1981). 
 Selection of Australian trees other
than eucalypts for 
trials as fuelwood species 
in developing countries.
 
Aust. For. 44 
(4), 235-46.
 

BURKART, A. (1976). A monograph on the genus Prosopis (Leguminosae subfam.Himosoidae). 
J. Arnold Arbor. 57, 219-46; 450-525.
 

CHAZARO BASANEZ, J. de MIGUEL. (1977). El huizache, Acancia pennatula(Schlecht. & Cham.) Benth. 
 Una Invaeora del 
 Cqntro de Veracruz.
 
Biotica 2(3) 1-18.
 

COMBE, J., JIMENEZ 
 SAA, H. and MONGE, C. (1981). Bibliography on tropicalagroforestry. 
 Czntro Agronomico Tropical 
 de Investigacion
Ensailanza, YCATIE, Program of Natural Renewable Resources, Turrialba,
Costa Rica. 6 7p.
 

COMMONWEALTH BUREAU OF PASTURES AND FIELD CROPS. (1980). Leucaenaleucocephala (1951-72) (compiled from Herbage Abstracts). Annotated
Bibliography No. G527, Commonwealth Agricultural Bureaux, 
 Parham 
Royal, England, 14p.
 

COMMONWEALTH BUREAU OF PASTURES AND 
FIELD CROPS. (1980). Leucaena
leucocephala (1973-79) (compiled 
from Herbage Abstracts).
Bibliography, No. Annotated
G527A, Cozmnonwealth Agricultural Bureaux, 
Farnham
 
Royal, England, 23p.
 

ELDRIDGE, K.G. 
 (1975). 
 An annotated bibliography of genetic variation inEucalyptus camaldulensis. 
 CFI Tropical Forestry Papers, No. 8, Commonw.
For. Inst., Oxford 
and, Division of 

59

Forest Research, CSIRD, Canberra,
 
p.
 

FALVEY J.L. (1982), Gliricidia maculata - a review. Intl. Tree Crops J.2, 
1-14.
 

FAO. (1979). Eucalypts for planting. FAO Forestry Series No. 11, Rome, 
Italy, 6 77p. 

FELKER, P. (1981). Uses of tree legumes in semiarid regions. Econ. Bot. 35
 
(2), 174-86.
 

GRAINGER, A. (1982). Reviews of fuelwood literature. Intl. Tree Crops J.
 
2, 85-8.
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GRAINESO, A. anJ WINER, I,-. (1981j. A bibliography of Ceratonia silqua, The
 
Carob Tree. The Intl. Tree Crops J.1, 37-47.
 

GREAVES, A. 0960). Gnelina arborea. Annotated Bibliography No. F20.
 
Commonwealth Agricultural Bureaux, Farnham Royal, England, 61p.
 

GREAVES, A. (,981). Gmelna arborea. 
 Forestry Abstracts 42 (6), 237-58.
 

GREAVES, A. (1Q81). A bibliography, on Acacia nilotica (syn. A. arabica)

coveLing the literature from 1869 to 1979. Commonw. For. Inst., Oxford,
 
England, 21p.
 

GRLATS A. (I9M3). A bibliography on Acacia tortilis covering 
the
 
literature from 1962 to 1981. Commonw. For. Inst., Oxford, England. 
(In press).
 

HAWKES, J.G., WILLIAMS, J.T. end HANSCN, J. (1976). A bibliography of plant

genetic resources. AGPE: IBPCR/76/4, CGIAR/IBPGR, FAO, Rome, Italy,

179
p.
 

LARUE, T.A. and PATTERSON, T.G. (198L). How much nitrogen do Legumes fix?
 
Advances In Agronomy 34, 15-38.
 

PEDERSE1, B.O. and GRAINGM.R, A. (1981). Bibliography of Prosovis. Intl.
 
Tree Crops J.1, 273-86.
 

POLHILL, R.M. and RAVEN, P.H. (eds.) (1981). 
 Advances in legume systematics.

Proceedings of the International Legume Conference, Kew, England, 1978.
 
Royal Botanic Gardens, Kew. England, 2 vols.
 

RAIANSKI, S. (i477). Nevm tree. 
I. Commercial potential, character-istics
 
and distribution. World Crops and Livestock, March/April, 
 62-6.
 

RICHARDS, P. (1982a). Agroforestry. Annotated Bibliography. go. F24,

Comwonw. Agric. Bur., Farnhau Royal, England, 44p.
 

RICF&RDS, P. (19321). Fuelwood 
 and energy plantations. Annotated

Bibli3grcphy. Nc, F26, Comnmonw. Agric. Bur., Farnham Royal, England,
 
26p.
 

SCMUTTERER, H., LCr;R, K.R.S. and REMEOt, H. (eds.) (1981). Natural 

pesticides from th ne-.o Lree (Azadiracnta indlca A. Juss.) Proc. lot
Intl. Neem Conf., Rottach - Egern, Germany. German Agency for Technical 
Cooperation, Eachborn, Germany, 297p. 

TAYLOR, G.F. and TAYLOR,. B.A. (1979/1980). Forestry in the Sahel: 
.a
 
selected bibli-'rnn'- - ource materials relating to arid zone forestry
and the Southern fringe of the Sahara. 
Curreat Bibliography of African
 
Affairs 12 (1), 33-49 (Coll. Envir. Soi. and For., Syracuse, New York,
 
USA.)
 

WEE, Y.C. and RAO, A.N. (1982). Current and potential plant resources of
 
the tropical rain forest. In Tropical forests: source of energy through

optimisation and diversification [edited by Srivastava, P.B.L. 
et al.]

Serdang, Malaya; Penerbit Universiti Pertanian Malaysia, 115-25.
 

Note An annotated bibliography of crver 1000 
articles on palms (excluding
date, coconut and African oil palm) is in preparation at the New York \)
Botanic Garden (pers. commu, M.J. Balick, NYBG, Bronx, New York, USA, 
January 28, 1983). 
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B. Periodicals
 

Acts Auazonica (Brasilia, Brazil)
 
Agro-Forestry (Turrialba, Costa Rica)
 
Asroforestry Systems (The Hague, Netherlands)
 
Annals of Arid Zone (Jodhpur, India)
 
Australian Forest Research (Canberra, Australia)
 
Biotropica (Washington DC, USA)
 
Bois et Forets des Tropiques (Paris, France)
 
Brazil Florestal (Brasilia, Brazil)
 
Brittonia (New York, USA)
 
Commonwealth Forestry Review (Oxford, England)
 
East African Agriculture and Forestry Journal (Nairobi, Kenya'
 
Economic Botany (New York, USA)
 
Experimental Agricultuye
 
Indian Forester (Dehra Dun, India)

International Tree crops Journal (Berkhamstead, England)
 
Kew Bulletin (London, England)
 
La - Yaaren (Ilanoth, Israel)
 
Malaysian Forester (Kuala Lumpur, Malaysia)
 
Nigerian Journal of Forestry (Ibadan, Nigeria)
 
Pakistan Journal of Forestry (Peshawar, Pakistan)
 
Principes (Kansas, USA)
 
Sudan Silva (Khartoum, Sudan)

South African Forestry Journal (Pretoria, South Africa)
 
Sri Lanka Forester (CGlombo, Sri Lanka)
 
Sylva Africana (Nairobt, Kenya)
 
Sylvatrop (Laguna, Philppines)
 
Tropical Forestry Papers (Oxford, England)
 
Tropical Science (London, England)
 
Turrialba (Turrialba, Costa Rica)
 
Unasylva (Rome, Italy)
 

Abstracts
 

Applied Botany Abstracts (Lucknov, India)
 
Arid Lands Abstracts (Farnham Royal, England)(Terminated)
 
Ecological Abstracts (Norwich, England)
 
Ecology Abstracts (London, England)
 
Forest Products Abstracts (Faiuham Royal, England)
 
Forestry Abstracts (Farnham Royal, England)
 
Herbage Abstracts (Farnham Royal, England)
 
Horticultural Abstracts (Farnham Royal, England)
 
Plant Breeding Abstracts (Farnham Royal, England)
 
Weed Abstracts (Farnham Royal, England)
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Recommendations of Fourth Session of FAO Panel of Experts on Forest Gene
 

Resources (FAO, 1977)
 

A2 General 

1. To International Organizations 

(1) On the assumption that the funds available for seed procurement under FAO's 
Regular Programme in 1978/79 would be the same as in 1976/77, i.e. US 45 000, the Panel 
roommended that it should be distributed as follows: 

(a) 	 USS 10 000 to the Inatituto Nacional de Investigaciones Forestales (DIIF) 
in Mexico, for further exploration and collection of Mexican conifers and 
hardwoods. 

(b) 	 US$ 3 000 to the Forest Research Institute of Nigeria, for further explora
tion and collection of tropical hardwoods in West Africa. 

(c) 	 USS 3 000 to the Centre Technique Forestier Tropical, for further exploration 
and ollection of tropical hardwoods in West Africa. 

(d) 	 U $ 15 000 to the Division of Forest Research, C.S.I.R.O. in Canberra, for 
further exploration and collection of the germs Eucalyptus and other genera 
in Australia, and for cooperative exploration and collection expeditions with 
countries in the East Indies. 

(e) 	 USS 5 000 to the Department of Forests, Papua New Guinea for further explora
tion and collection of species of Eucalyptus, Araucaria, Toona and Flindersia. 

(f) 	 US$ 1 000 to the United States Forest Tree Seed Centre at Macon, for supply 
of seed to developing countries.
 

(g) 	 US$ 8 000 for contingencies, to other institutes as required. 

(2) The Panel noted with gratification the proposals of FAO's Forestry Department 
that the Regular Programme funds for Forest Genetic Rebouroes in 1978/79 be substantially 
increased, as compared with 1976/77. It recommended that, in distributing such additional 
funds, FAO should give consideration to supporting the following: 

(a) Exploration/collection of Central American conifers and hardwoods by the
 
Commonwealth Forestry Institute, Oxford. 

(b) 	 Additional exploration and collection of West African hardwoods by Forest 
Research Institute of Nigeria and Centre Technique Forestier Tropical. 

(o) 	 Collection of Sediterranean conifers coordinated by lstituto Sperimentale 
per la Selvicoltura, Florence. 

(d) 	 Additional exploration/collection of Australisa species by Division of 
Forest Research, C.S.I.R.O., Canberra. 

(e) 	 Additional exploration/;ollection of Papua New'Guinea species by Department 
of Forests, Papua New Guinea. 

(f) 	 Exploration/collection of Gmelina and other hardwoods, and of Himalayan 
conifers, by the Indian Forest Service and the Danish/FAO Forest Tree Seed 
Centre. 

(g) 	 Additional collections by the U.S. Forest Tree Seed Centre, Macon, for supply 
to developing countries. 

V 
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(h) 	 International surveys and assessments of provenance trials of Eucalyptus 
and other genera. 

(i) 	 Training activites in all aspects of the exploration, collection, evaluation, 
conservation and utilization of forest genetic resources. 

(3) The Panel stressed the need for it to maintain its responsibilities for the 
central direction and coordination of the Global Programme on Forest Genetic Resources.
 
Advice on specialised aspects, e.g. data storage and retrieval, long-term seed storage,
 
could be provided by IUFRO Working Parties or ad hoc panels, but would not replace the
 
global coordinating function, which only the Pa-nel could fulfil.
 

(4) The Panel em-phasised the value of the publication "Forest Genetic Resources
 
Information" and recommended that FAO continue to publish it periodically.
 

(5) The Panel welcomed the proposed change of title of one post in PAO's Forestry
 
Department from Forestry Officer (Afforestation) to Forestry Officer (Genetic Resources and
 
Troe Improvement), which reflects the importance which Forest Genetic Resources has
 
facreasingly assumed in the Department's Regular Programme over the past decade. At the
 
.ame time it recognised that the increasing commitment for central coordination of the
 
Global Programme, which results from the financial support of UNEP and possibly from future
 
support from IBPGR, would need additional coordinating staff, which might be financed from
 
Trust Funds.
 

(6) The Panel warmly welcomed the new project on Conservation of Forest Genetic
 
Resources (1108-75-05), which is being financially supported by UNEP, and noted the progress

made. It stressed the importance of conservation ,f natural ecosystems in situ, as the most
 
suitable method for the majorily of species, but .9oognised its long-term nature. Operations
for in situ conservation which could be completed in a two year project were confined to 
ecological survey, demarcation of boundaries etc. For this reason, the Panel noted that the 
project's operational progress in in situ conservation had been slower than in ex situ 
censervation . It recommended that attempts to identify worthwhile operation for in situ 
conservation should be continued for six months. At the end of that period, any funds un
spent under in situ conservation could be transferred to establishmont of ex situ conserva
tion stands, for which there is a considerable demandor to training activities. The funds
 
of the current project should, if possible, be allocated in sufficient quantity to cover the
 
full establishment period. The Panel recommended that UNEP give favourable consideration to
 
the continuation of conservation operations by financing a follow-up project when the ourrent
 
project ends.
 

(7) The Panel recommended that close liaison be maintained with Unesco (MAB 8 
programme) and IUCN in all activities concerned with in situ conservation. In situ conserva
tion of forest genetio. resources can frequintly be combined with nature conservation in
 
general, but the special needs-and problei of genetic conservation should not be overlooked.
 

(8) The Panel noted that the IBPGR at its Third Session (Febru-ry 1976) had, in 
addition to food trees, identified the exploration and conservation of the genetic resources 
of a few species important for agriculture, in connection either with the fuel requirements
of farming populations or the stabilization of marginal onvironments, as projects in which 
it should be authorized to give limited financial support. The Panel welcomed the interest 
of the IBPGf in species valuable for agricultural communities and noted the list of candi
date ipecies in the secretariat note "Species for Improvement of Wgicultural Environment 
and Rural Living" (FO: FGR/4/6). Of these, Eucalyptus camaldulensis and E. tereticornis 
were already included in the UNEP project, while E. microtheca and several-species of Acacia 
and Prosopis should be given high priority. 

(9) The Panel emphasised the importance, and the present inadequaqyl of training
facilities in ihe comparativaly new field of Forest Genetic Resources. It recommended that 
training should be expanded. It should be adapted to local needs and could include short 
practical courses in the field, as well as longer and more formal academic courses at 
universities.
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(10) The Panel recommended the intensification of international cooperation in tree
breeding progr mes for individual species of wide importance, e.g. Pinus caribaea in the
tropics, Pseudotauga in N. America and Europe. Where appropriate, this should include
national seed orchards producing seed for international use. An essential part of this
work would be the compilation of an international register of seed orchards, following the
example of EEC, showing the quantities of seed expected to become available to other countrie 

2. To Governments
 

(1) The Panel expressed its warm appreciation of the excellent work of the Danish/FAO
Forest Tree Seed Centre in Humlebaek, Denmark, and noted that the present financing period

of the Seed Centre is due to expire in approximately two years. In vietw of the essential

role of the Seed Centre in the series of FAO/DANIDA Training Courses on Tree Improvement,

Genetic Resources, Seed Handling and Afforestation, in coordination and advice to regional
seed and tree improvement centres, e.g. in India and Thailand, and in evaluation and conser
vation activities, the Panel recommended that the Danish Government give consideration to
the continuation and, if possible, the strengthening of the Seed Centre at Humlebaeko 

(2) The Panel noted that a proposal had recently been put forward by FAO that the 
Danish International Development Agencqy should(DAIIDA) consider including the establishment
of international ex situ provenance conservation stands in its progroeamn. The Panel end.,rsedthis proposal for an important addition to the valuable programme in international forest
genetic resources already being carried out with DANIDA support and sgHeto that the Danish,/
FAO Forest Tree Seed Centre would be the best inatitute to coordinate the new programme,
which would be a logical extension of its existing activities. 

(3). The Panel expressed its warm appreciation of the excellent work of the Common
wealth Forestry Institute at Oxford, through its Unit of Tropical Silviculture, which

included such vai-ied activitieu as the exploration and collection of Central American pines
and hardwoods, studies of the genus AgAthis and the production of the series of Tropical

Forestry Papers. The Panel expressed the hope that the U.K. Government would continue to
 
support this important work.
 

(4) The Panel expressed its warm ppreoiation of the excellent work of the Seed
Section of the Division of Forest Rearoh, CS.I.RO. CMberra and noted the wide range ofspeoies and provenances collected since its last session in 1974. Itex-pressed particular
satisfaction that substantial new collections of the Pctford and Katherine provenances offtoalyrtus oanaldulensis -and the Mt. Garnet provennano'of .ahoa " teretioornis had been
Made for consrvation purposes with the assistance of UW funds. It recommended that the
Division of Forest Research continue these operations, which are of reat' value to many
developing oomtrits, and that, in dsterining the species to be collected in the fut.re,
priority be given to those of value for agrioultural oomuitiec. 

(5) The Panel earessed its warm appreciation of the excellent work of the Institute
Nacional de Investigacionea Forestales in Mexico, in the further exploration and collection 
of Pinus ocarpa provenances in the 1976/77 season, and recommended that seed for inter
national trials of both the INIF and CFI Oxford collections be distributed as soon as
possible. It expressed the hope that these operations be continued and expanded to cove. 
additional genera, e.g. Pseudotsuga, Populus. 

(6) The Panel expressed its warm appreciation of the excellent work of the Indian
Forest Service in the exploration and collection of a number of provenances of Gmelina
arborea in India, in collaboration with the Danish/FAO Forest Tree Seed Centre. In view of
the potential importance of this species for many the Paneltropical countries, recommended 
that this work be continued and extended to other countries. 

(7) The Panel expressed its warm appreciation of the excellent work of the ForestResearch Institute of Nigeria and the Cen're Technique Forestier Tropical, in the explora
tion and collection of tropical hardwoods in West Africa, and of the work done by CTFT in 
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collection of eucalypt seed in Australia and the East Indies. 
It recommended that this work
be continued and, if poesible, expanded.
 

(8) The Panel expressed its warm appreciation of the excellent services provided by
the U.S. Forest Tree Seed Centre at Macon and recovnwended that these be continued and
expanded.
 

(9) The Panel reoognised the paramount role of national staff in the management and
assessment of species and provenance trials, in order to derive information of maximum value
for local purposes. 
At the same time, it recognised the value, for comparing results between
countries, of assessments carried out to a common international standard. 
It recommended
that institutes reeponsible for the coordination of international trials should be prepared,
on request, to assist cooperating countries in assessment and documentation of the trials,
and should provide the necessary funds for the travel involved.
 

B. Technical and Operational
 

(1) The Panel reiterated its previous recommendation that research should be
intensified, particularly in the tropics, on flowering and reprod.ctive systems, in addition
to seed handling. While welcoming the publication "Tropical Trees, Variation, Breeaing and
Conservation", the Panel noted that basic research on reproductive biology of most tropical
hardwoods is still lacking.
 

(2) The Pexl welcomed the publication of the Report of the IBPGREngineering, Design and Cost A'spects of long-term Seed Storage Facilities. 
Working Group on
 

it recomm.erdec
that panel members should seek the comments of forest seed experts in their respective
countries on the extent to which the prescriptions for long-term storage of agriculturalseedE are applicable to forest seeds. 
If'the requirements are 
similar, at least in the
of "orthodox seeds", casethe Panel recommended a sur-7ey to ascertain which forest seed centrescould provide the recommended facilities.
 

(3) The Paiel reiterated its previous recommendation That information on equipment
for seed collection be sumarised and published assurvey of sead equipment being carried out by Dr. 
soon as possible. It noted the currentBonner for the IUFROProblems Working Party on Seedt which is expected to include equipment for seed collection.detailed, information is required, If additional, morethe Panel expressed the hopeTree Seed Centre would undertake the work. 

that the FAO/DANIDA Forest
It recommended that the publication shouldinclude information on safety regulation$.
 

t 
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GRANTS APPROVED 
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NO./TITLE 
 INSTITUTION/COUNTRY PRINCIPAL
INVESTIGATOR 


FGT-CL-1-83-13

Evaluation and Testing 
Instituto de Investiga- E. Maria
of Fast-Growing, 
 ciones Tecnologicas 
 Elena Torres

Nitrogen-Fixing 
 (INTEC)

Tree Species for 
 Chile
 
Semi-Arid Regions
 

FGT-KE-l-82-19

Technical/Scientific 
 International Council 
 Peter A.
Back-up for Research in Huxley 


Agroforestry (ICRAF),
 
Kenya
 

FGT-KE-3-83-17 
Selection and Testing 
 Department of Forestry 
 Frederick 


f.or Use In
? s University of Nairobi, 
 Owino
WI" osand Kenya
Agroforestry 
Combinations
 

FGT-MX-2-83-12

Native FGNFTs in 
 Instituto Nacional 
 Enrique Pardo
Upland and Lowland 
 de Investigaciones 
 Tejeda
Sites as a Source 
 Sobre Recursos Bioticos
 
of Fodder, Fuelwood (INIREB),

and Soil Enrichment 
 Mexico
 
FGT-PH-1-83-11
 

Nitrogen Fixation 
 Visayas State College 
 Rudolfo G.
and Multiple Uses of 
 of Agriculture (ViSCA), 
Escalada

Albizzis falcataria, 
 Philippines
 
Gliricidia sepium,
 
and Sesbanla 
grandiflora
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CAm.5 DOUiN! w~lC 

OyIaW -LCAMOU: 
bauMf baJm su.Uom 

PERIOD
 

11/30/82
11/30/85
 

3/9/82
3/8/83
 

11/23/82

11/22/86
 

3 years
 

3 years
 

of SMw&as. 
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FGT-TH-1-82-20
 
Field Trials and 
 Thailand Institute Narong 
 2/11/82-

Teating of Selected of Scientific and 
 Chomchalow 2/10/85

Species of Fast-
 Technological Research
 
Growing, Ni.rogen- (TISTR),
 
Fixing Tree& 
 Thailand
 

GRANTS IN PROCESS*
 

Determination of Best 
 Centre Technique Daniel 4 years

Species, Provenances Forestier Tropical 
 Diangana

Rhizobia, Mycorrhiza (CTFT),
 
in the Congolese People's Republic
 
Savannahs 
 of the Congo
 

Fast-Growing, Nitrogen 
Bunda College of 
 O.T. Edje 4 years

Fixing Trees in Agro-
 Agriculture,
 
forestry: Effect on 
 Malawi
 
Crop Yields and Soil
 
Properties
 

Soil Factors which University of Panama, 
 Blanca C. de 3 years

Limit Biological Panama 
 Hernandez
 
Nitrogen Fixation in
 
Leucaena leucocephala
 
in Panamanian Soils
 

GRANTS TENTATIVELY APPROVED*
 

Nitrogen Fixation 
 Pontiflcia Universidad Orlando Balboa 3 years

Potential of Some 
 Catolica de Chile,
 
Woody Chilean Plant Chile
 
Species
 

An Inventory of the University of Gezira, 
 Mahdi Beshir 2 years

Genus Acacia in Sudan: Sudan
 
Spatial Extent,
 
Utilization, and Germ
 
Plasm Characteristics
 

Titles shown are subject to modification as grant documents are 
prepared.
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Research units of IUFRO that are or could be concerned
 

with multipurpose trees
 

Division 1. 
Forest environment and silviculture
 

S1.01-06 
 Tropical and subtropical forest ecosystems
 

S1.05-02 
 Afforestation problems in arid and sub-arid regions
 

S1.05-06 Multiple-use silviculture
 

SI.07.06 Silviculture of mangrove forests
 

S1.07-07 Agroforestry
 

SI.07-08 Silviculture of mangrove forests
 

SI.07-09 
 Wood production In the neotropics via plantations
 

SI.07-10 
 Tropical land rehabilitation by afforestation
 

S1.07-11 
 Tropical nursery and plantation techniques
 

PI.09-00 
 Integrated research in biomasq for energy
 

P1.11-00 Mediterranean shrub ecosystems
 

P1.12.00 
 Casuarina
 

Division 2. 
Forest plants and forestprotection
 

S2.02-01 Dendrology
 

S2.02-02 Conservation of gene resources
 

S2.02-03 
 Species monographs
 

S2.02-08 
 Tropical species provenances (excluding eucalypts)
 

S2.02-09 
 Eucalypt provenances
 

S2.03-01 Breeding tropical species
 

S2.03-03 
 Seed orchards
 

S2.03-04 
 World directory of geneticists and 
tree breeders
 

S2.03-10 
 Breeding Eucalyptus
 

http:P1.12.00
http:SI.07.06
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S2.06-13 
 Phytosanitary regulations and quarantines
 

P2.02-04 Nitrogen fixing trees
 

P2.04-00 
 Seed problems
 

Division 5. 
Forest products
 

P5.01-00 
 Properties and utilization of tropical woods
 

P5.03-00 
 Energy and chemicals froa forest biomass
 

P5.04-00 
 Production and utilization of bamboo and related species
 

N.B. 
 Further details and addresses of offices in these 
research units can
be obtained from 
the IUFRO 
Secretariat, Schonbrunn, Tirolergarten,

A-1131, Vienna, Austria.
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Position Announcement
 

The international Union of Forestry Research 
Oroanizations (JUFRO) is
 
seeking a senior level forester for 
a position as Special Coordinator, to
 
increase IUFRP program activities in support of forestry research in

developing countries. This is a new position, established on a trial
basis for two years and beginning approximately July 1, 1983. Primary
duties during the first year will be (1) to organize up to three
 
workshops in developing countries that will Identify 
urgent research

needs and develop action plans to meet these needs, (2) to dissemilnate
information on forestry research problems 
and activities in developino
 
countries by preparina articles for TUFRO News 
and other publications,

and (3) subject to further negotiation with donors, to administer 
travel
 
funds to increase participation of researchers from developing countries
 
in international scientific meetinos.
 

Oual ifications required
 

1. A university degree in forestry, preferably at the doctoral 
level.
 

2. 
Experience in the conduct, management, and administration of forestry
 
research.
 

3. Appreciation of the forestry conditions and the customs and needs of 
people in developing regions.
 

4. A working knowledge of the principles and procedures of IUFRO, FAO,
 
and other internattrnal forestry organizations.
 

5. Experinnce in dealing with high-level government officials.
 
university and other research 
 institute directors, and officers of

international organizations in administering multilateral 
and bilateral

donor funded projects in a developing country environment. 

6. Capability to work independently without close supervision 
 or
 
direction.
 

7. Fluency in English, including the demonstrated ability 
to write
polished letters and reports. The ability to speak and write in Spanish,
 
French, and/or German is desirable.
 

8. The physical stamina to carry out extensive and extended travel to a
 
wide variety of locations throughout the world.
 

Applications
 

Applicants should submit a letter describing how they meet the above
 
qualifications, a curriculum vitae, 
and the nanes (wtth address and

telephone number) of two references having specific knowledge of their 
qualifications for this position.
 

Two copies of the application should be sent, one each to:
 

Professor Dr. Dusan Mlinsek 
 Dr. Robert E. Buckman
 
IUFRO President 
 Vice President, TUFRO
 
Blotechnical Faculty 
 USDA Forest Service
 
Krekov trg 1 
 P.O. Box 2417

61000 Ljublijana Washington, D.C. 20013
 
Yugoslavia 
 USA
 

Applications must be received by March 31. 1983. 

NOTE: The successful applicant will be expected to attend the 1983 
meeting of the JUFRO Executive Board in Manaus, Brazil, July 17-29.
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Extract from J.B.W. Kenricks M.Sc. thesis on Acacia breeding ayste,
 
School of Botany, University of Melbourne
 

Source: Miss J.B.W. Kenrick 

There are indications that at least some species of Acacia are self-incompatible.
Keighery (cited in Hopper and Maslin, 1978) found that a number of species do 
not self-pollinate; Hockitig (1970) and Janzen(1974) noted that when the 
swollen-thorn acacias were grown in glasshouses they did not set 
seed; and
 
Moffett and Nixon (1974) 
concluded From their own work and that of their
 
predecessors at the Wattle Research Institute 
that there was probably some self
incompatibility in A. mearnaii and A. decurrens. Both A. mearnaii and A. decurrens 
do set some seeJ by self-pollination (Philp and Sherry, 1946; Moffett, 1956)
and A. baileyana sets seed by self-pollination (Newman, 1934). 
 Zapata and
 
Arroyo (1978)found self incompatibility in A. macracartha.
 

The mechanism of self-incompatibility is not known. 
The spatial and temporal

separation of anther and stigma surface would be insufficient to prevent

pollination because there are almost always other inflorescences on the same 
plant at various stages of development.
 

ARROYO H.T.K. 1981. 
 Breeding Systems and Pollination Biology in LeguminosaeIn. Advances in Legume 5ystematics Part 2. Ed. R.M. Polhill and P.H. Raven
Royal Botanic Gardens, Kew.
 

HOCKING, B., Insect Associations with the Swollen-Thorn Acacias. Transact. Roy
Entomological Soc. of London 
122: 211-55 
 -

HOPPER, S.D. and MASLIN, B.R., 
1978. Phytogeography of Acacia in Western Australia
Aust. J. Bot. 26: 63-78. -

JANZEN, D.H., 1974. Swollen-Thorn Acacias of Central America. Smithsonian 
Contrib. Botany No. 
13.
 

KENRICK, J., FARGINSON, R., BERESFORD, G. and KNOX, R.B. (1983). Birds and
pollination in Acacia terminalis. 
In Pollination "82" 
Ed. Williams E.G. and
Kno, R.B. University ot Melbourne.
 

KNOX, R.B. and KENRICK, J. (1982). 
 Polyad function in relation to the breeding
system of Acacis. 
 In Pollen Biology (ed. Mulcahy D. and Ottavians, E.,
Elserieu-North Nolland PressU
I-n press).
 

MOFFETT, A.A., 1956. 
 Genetical Studies in Acacias. 
 I.The Estimation of Natural
crossing Black Wattle. 
 Heredity 10: 57-67.
 
MOFFETT, A.A. and NIXON, K.M., 
1974. The Effects of Self-Fertilization on Green
Wattle (Acacia decurrens Willd.) and Black Wattle (A. mearnsii De Wild.)
Wattle Research Institute Report 
1973-74.
 

NEWMAN, I.V., 1934. 
 Studies in the Australian Acacias., 
 IV. The Life History
of Acacia baileyana F.v.M. 
Part 2. Gametophytes, Fertilization, Seed
Production and Germination, and General Conclusic.. 
 Proc. Linn. Soc.

N.S.W. 109: 277-313.
 

PHILP, J. and SHERRY, S.P., 1949. 
 The Genetics of Hybrids between Green Wattle
(A. decurrens Willd.) and Black Wattle (A. mollissima). J.5. Af. For. As. 17:

6-58. 

ZAPATA, T.R. and ARROYO, H.T.;Z. (1978), Plant reproductive ecology of a secondarydeciduous tropical forest in Venezuela. Biotropica 10: 221-230.
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Seed certification, provenance nomenclature and genetic history 

in forestry 
By N. JoNs') and J. Buawy,) 

lRecelved March I revied April 1113) 

Introduction (ii1) the volume of forest tree seed traded Is small. Also tree 
The establishment seed is commonly collected by unsupervised and unskilledof forest plantations throughout the labour. However, as tree breeding programmes become

world demands annually Increasing amounts of seed. productive, seed certification is -ecomingmore urgent,Seeds are often transferred between countries, or between particularly in tropical regions with their fast growth,
areas within countries, accompanied by Inadequate In- ea'ly flowering and short commercial and breeding rota
formation about their source and history. Many countries tions.
 
have established seed zone systems for their indigenous A detailed review of progress 
 towards seed certificationhpecies and various schemes of seed certification have been in 30 countries was provided by MAflaaAWS (1964). There were or are being designed in which better and essential in- at that time 12 comphensive national certification cheformation on seed is provided both nationally and in relaforation on ertil prodeda me-; with the exception of Japan and U.S.A. these were allMost existing schemes relate to European and North for European countries. Since then Canadatowards has progressedthe development of a national schemeAmerican countries; the purpose of the which ispresent paper Is currently applicable In Alberta, British Columbia, andto bring them to the attention of other countries, particular- parts of Northwest Territory and the Yukon (WANG and
ly those tropical and subtropical countries that are cur- SKAI 196; ANoN., 1971, 1973; Ptsci and P(WNs, 971).
rently establishinig large industrial plantations f both (Source-identified seeds with aexotic value approaching a quarand indigenous species. The development of local ter of a million Canadian dollars are now exported annualcertification schemes based on an international system is ly from Canada under this scheme.) In Australia the prin
recommended. There are, however, limitations in the ex- clplez of seed certification have been discussed (e. g.isting systems for tree breeding programmes which a IIANK%., 1968, 1970) but there are no state or national systems
n',ted and some arendments suggested. operating. The State Forest Services have usually main

80, ecrtifleation tained renrd.q of the origin of seed lots on a voluntary basis 
o("tPRNIU, 1973; pers. comm.3).

Certification is defined in English usage as the authorita- M,%TTIFWS (1964) outlined the principles of a national
tive attestation of facts or statements and It usually Im- seed certification scheme and a good example of the detailsplies documentation by a formal written certificate. Seed of such a scheme was given by S(AmoeiNXP (1969) for the statecertification is an official statement that a seed lot con- of South Carolina, U.S.A. Minimum standards for certifi
forms to certain standards which may include specific cation, particularly for the provenance and progeny test-
Identity, origin, genetic characters and seed purity. These Ing necessary, have been described by the Georgia CropInclude the 'genetic' and 'somatic' values described by Improvement Asociation (1959), WAKELPY et al. (1960),PRmmp.ipn (1900). As used by plant breeders, after many BANaeR (1964), SiooiLNiKca (1969) and SIERN (1989).
 
years of development, seed certification Implies genetic 
 Despite the cooperation of foresters, seed collectors, seedimprovement and It aims to facilitate the provision of high dealers and local or national legislators, it is obviously
quality seed from superior crop plants with similar genetic difficult do develop national scheme. that are acceptable to
identity and purity. In this case, strictly, the term certified all those coi erned with tree seed. '.ee, for example, theshould be reserved to describe seed of Improved (and uni- earlier controversy In the United States recorded in Society
form genetic) quality; it should not be used to Identify seed of American Foresters Seed Certification Subcommittee,
origin. Corrplrie genetic unlfom4ty and predictability are 1961, 1983 a, 1963 b; Western Forest Tree Seed Committee,
gene'iaiiy obtained only after several generations of sPlec- 1961; C1c10, BARDIR and Zoiij., 902).

tive breeding and In forestry the)' have been rarely obtain-
 Clearly it is important, even though difficult, to create ined or required. For forertry, therefore, seed certification ternatinally acceptable system.s of seed certification. As
systems have developed largely to provide labels and re- more countries become involved In seed exchange, plantacords that give officially authenticated details of identity Uon work and tree 
 improvement, such a systic. can b
and origin; a summary of early European work was given considered essential. In fact an International scheme doesby Commonwealth Forestry Bureau (1941). However, as now exist. This Is the scheme which sets minimum standtree breeding progresses and particularly as improved ards for the control of forest reproductive material mo,,
seeds are excianged between countries, It will become Ing in International trade, prepared by the Organization

increasingly important to know more of their genetic his- for Economic Cooperation and Development (O.E.C.D., 1971;
tory and quality. 
 We also BARNER In F.A.O., 1971). First accepted in 1967 after

According to BANK. (1968) forestry has been slow to fol- several years' preparatory work and meetingr, this latestlow agriculture's lead in seed certification for three main version is still subject to discussion and amendment.
reasons: - (i) the lack of appreciation of the importance O.E.C.D. covers 23 countries, 17 of which are Interested inof seed origin. (i) seed certification is based on breeding, the scheme while 11 have already named their designated
and tree breeding is slower than agricultural breeding, and authorities for the issue of certificates rnd ior making the 

necessary checks. 
') United Kingdom Technical Asistance, Federal Department of 

Forest Reda . Ihadan, Nigeria. 1) J. W. T',,tnc,,, Se-o.s sectlon, Forestry and Thiber Bureau,
') Commonwealth Forestry Instiltute, 
 Oxford, England. Canberra, Australia. 

8lvae Genetica 22..3 (17v3) 
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The Organization for Economic Cooperation and Devel- correctly, none of these names gives any indication of theopment, in its scheme dLcussed above, defined the follow- pattern of natural variability in a species.) None of theing: 
classificatory and nomenclaturalProvenance -- The area on which any stand of 

systems discussed above
trees is can impart all the Information that is desirable aboulgrowing. The stand may be theindigenous or antecedents of a given seed lot; they relate only to the 

non-indigenous. (At its meeting in 1972 the geographical history not to genetic history.O.E.C.D. proposed a slight amendment: The All genetically based tree improvement programmes esplace in which any stand of trees is grow- sentially follow classical plant breeding procedures. Theinp. The stand mall be indigenous or non- value of the end product is recognised and cultural techniindigenouw.)') ques are developed to produce an acceptable yield. CertainOrigin For an ind:genous stand of trees the origin highly productive oris the plac better adapted populations are idenin which the trees ate growing; tifled and intensive breeding is based on these. The geneticfor a non-indigenous stand the origin is the variability is high in early populations; as the amount ofplace from which the seed or plants were parental stex_ is decreased by selective breeding, theoriginallyintroduced. genetic variability will be reduced which in turn reducesWhich ever definition of provenance is used, it Is desirable 
to compare 

the genetic gains possible by further selection.different seed lots 'in designed experiments To maximise genetic gains It is essential to knowcalled provenance tests. Indeed thethe 'certified' category in genetic composition of the initialthe O.E.C.D. scheme population used forrequires proof of superiority to be breeding. In the next section we consider some of the pos.shown by provenance or progeny tests. Currently proposed sible alternative histories of natural and artificial selectionamendments for the O.E.C.D. scheme may include one or that could have a bearing on the planning of programmes ofother of the following definitions: selection and breeding. It Is not suggested that a formalProgeny. 
system of nomenclature or classification be developed forOffspring of a particular mating, or of a particular mate, these; rather we would wish only to emphasise the needor of a particular individual in the case of apomictic to obtain as much relevant Information as possible onreproduction (RIEti.E, MQA^ruJs and Gn~EN, 1968). each .:-d lot.
 

Progeny test.
 
Evaluation of parents by comparing the performance of 
 Genetic historytheir offspring. Accuracy is usually gained bcause A sample of reproductive material may comprise fruf;,several to many offspring per parent are evaluated seds, pollen,m ore parct I,;, o ., scions for vegetative propagation,tinder controlled1.9,2)fur conditions exist the aseptici , ethan for se t culture,clte butbut t or tissue,the followingro agat ion owill l ediscussion be 

Progent test. restricted to becausebeds theseEPaliogen pponent form the major com-

Evaluation of parents by the performance of their sexual of commercial forest reproduction, particularly
seeds of naturally outcrossing species.progeny. Includes i-parent progeny test, In which only A sample of seed from one population of parent treesthe female parent is known, and 2-parent progeny test, acted
In which both 

from one, a few, or many parents. Thethe seed and pollen parents are(Wal(,n, 1962). known amount of genetic variability reprerented generally inm u t o e ei al bli e r~ n e e eal ncreases with Increasing number of parents particularlyLimitations of ecisting definitions if 
they were randomly selected to represent tie population.

All the definitions of provenance quoted above However, genetic variability may be reduced even withhave larger numbers of parents If the werelimitations. The object of parents locatedany definition is to provide as close together in a natural stand, or
many people as possible with as much unequivocal infor- plantation which Itself was 
If they occur in a
 

derived from a small numbermation as poisible about the object described. With careful of parents, or if they were selected to meet special criteria.and combined use of one orimore of the above definitions, In the latter case, their phenotypes are similar and therethe geographic histnry of a seed lot could be described, i. e. Is an increased chance that their genotypes will be similar;where the seed Itself was collected and where the seed in the other two cases there is a greater chance of commonthat produced its parent trees had originated, and so on. descent (coancestry).Consider, for example, the provenance nomenclature ap-
plicable to a sample of seed of Pinus patula 

There are three Important consequences of reduced
collected in genetic variability In a seed sample. Firstly, in
Kenyan plantations; these plantations were raised from 
the com

merclal plantation there Is a risk ol increased susceptibility
seed collecte6 in South African plantations and these were to damage by pathogens andthemselves raised from seed collected in natural stands in 
climate factors, and to a

change in marketability of produce;Los Reyes, Hidalgo, Mexico. The source, origin 
this risk, common to or prove- all types of monoculture, increasesnance could variously and reasonably be named Kenya, or decreases, although 

as genetic variability 
Kenya it may be offset to bome extent byex Mexico, or Kenya ex South Africa ex Mexico, increased predictability of performance and ease of manor Mexico (Los Reyes, Hidalgo). In practice all available in- agement. Secondly, the amount of additive genetlc varianceformatinn should be sought and given, particularly hi available for futureinternational transfers of seeds, 

use by selection in the plantation; isdecreased, reducing theHowever, none of these possible 
further gains possible throughnames would give any breeding. Thirdly, the risk of inbreeding depression in aindication of the history of naturai and artificial selection breeding

to which the 
programme increases with Increasing degree ofnatural stand and subsequent plantations relationship between selected individuals.had been subjected, and which could influence the genetic The number of parents represented, and their degree ofconstitution of the seed sample. (Additionally, and quite relationship are thus Important considerations when a crop 

a) Personal communication, H. DANN9n1 th July, IMr. 
is raised from seed. Seed may be obtained in bulk commercial collections or as small research lots; th tatter may 
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Responses to questionnaire
 

A list of some 150 species will be distributed at
 

the meeting.
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INTRODUCTION
 

The purpose of this supporting document is to assess the state-of-science

.of germplasm resources-of palms which have multiple utility and possess

potential for incorporation into agroforestry systems, and to address
 
four problem areas of practical concern to the future development of
palm germplasm. The report draws to a considerable degree upon pro
fessional experience with useful palms, supplemented with the

gathering of current general information on germplasm resources, and
 a 
brief trip to interview scientists at the New York Botanical Garden,

Bronx, New York and the U.S. Department of Agriculture Germplasm

Resources Laboratory, Beltsville, Maryland. Undertaken at very short

notice, this report should be considered as a first approximation on the
 
subject of palm gerniplasm.
 

Two major sections make up the body of this report. 
Section One provides

a determination of those palms considered to have multipurpose qualities,

a classification of the designated palms into three groups on the basis

of their current level of domestication, and a discussion of some of their

distinctive botanical characteristics as far as agroforestry is concerned.
 
The major sources of palm germplasm, ranging from natural areas of
 
occurrence to tissue culture, are also discussed.
 

In Section Two, practical problems related to germplasm sources are
 
addressed. 
These include the acquisition and distribution of germplasm

which is adequately documented, the identification of suitable seed
stands and access 
thereto, the potential for improvement of germplasm

based upon previous experiences with palms, and finally certain of the
 
legal actions required to facilitate the distribution of and trade
 
in germplasm materials.
 

In the text, both common and scientific names are given upon the first 
reference to a palm; thereafter, for tue sake of brevity, only the 
common name is employed. 

MULTIPURPOSE PALMS AND (GRMPLASM SOURCES 

At leas' 2,700.species of palms, representing more than 200 genera, are

known to science. The palm family (Palmae) ranks second only to the
 
grass family (Graminae) in terms of importance to mankind. 
Despite

their usefulness, palms have received less study than any other
 
large plant group. 
This oversight can be attributed to the limitations
 
placed on agronomic research by a lack of trained personnel and funds
in the councries where the palms occur; and because palms are mostly

native to the tropics, they are inconvenient for study by botanists at

research centers in the middle latitudes. Thus when dealing with the

palm family one must not attribute to it a more advanced state of
 
knowledge than is the actual case.
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Determination and Classification of Multipurpose Palms
 

Determining which of the many palms should be considered to be multipurpose

in character is not easy, especially with regard to the lesser-known
 
palms, because of an inadequate amount of ethnobotanical evidence. 
Therefore the following attempt must be considered to be interim in nature.

In this report, the.growth of palms for ornamental purposes is not taken
 
into account to satisfy the multipurpose.requirement.
 

A total of 50 multipurpose palms have been selected for inclusion in'this

study. To facilitate discussion, and to better understand their 'current
 
status and agroforestry potential, the palms are classified into three
 
groups 
on the basis of.their level of plant domestication.
 

Table I lists the four improved, cultivated palms which have been the
 
object of botanical and agronomic research such that cultivars are
 
named and progress made in crop improvement. They are among the major

tropical crops. Incipient agroforestry systems are already being

practised with these palms, and more advances can be expected as
strategies for improving the proiuctivity of the palms are allied with
 
complementary qropping and grazing systems. 
 Although conmmonly not included
 
among agroforestry species, the date palm (Phoenix dactylifera) is
 
included because of its potential for tropical desert grazLng systems.

These palms are all multipurpose in character, although their lesser
 
products are not yet valorized. Having been brought to the status of

full domestication, they may serve as working models for designing

development programs for other palms.
 

Listed in Table II are 
19 palms which may be described as being in a state
 
of incipient domestication. All are multipurpose plants, and they

embrace the full range of tropical habitats. Most of the products are

consumed locally and thus far there does not appear to have been much
 
effort to increase their productivity or quality. Two notable
 
exceptions are 
the peach palm (Bactris gasipaes), which is the object

of an 
active program of research and development for fruit, palm hea:t

production, and reforestation; and the sago palm (Metroxylon 
bagu)

under investigation as a more industrialized source of starch. Both
 
palms are nearly ready to be elevated into Group I. In general, these

unimproved cultivated or managed palms have not been evaluated with
 
regard 
to their status of multiple cropping or agroforestry.
 

The 27 palms included in Table 
III are either semi-wild or wild; the
 
distinction is often difficult to make in settled areas. 
 These palms

have yet to be brought under cultivation for their products, although

their 
occurrence and distribution in some cases may have been indirectly

affected by agricultural or forestry acti'rities. 
 Given the scant amount
 
of information available about these palms, further investigations are

required 
to evaluate their potential. Despite their underdeveloped

status, 
the murumuru (Astrocaryum murumuru). piassava (Attalea funifera),

and raffia (Raphia spp.) palms support export fiber industries, and
 
rattans (Daeonorops spp.) 
furnish commercial quantities of cane. A

number of the palms show promise as reforestation plants, such as the
 
mazari palm (Nannorohops ritchiana) in mountainous terrain, the sealing

wax palm (gyrtostachys lakka) in tropical swamps, and the thatch palms

(Thrinax spp.) in dry, -imtone areas.
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Distinctive Palm Characteristics
 

Palms possess several distinctive botanical characteristics which should
be taken into account when considering them for incorporation into
agroforestry development schemes. 
Taxonomically, palms are placed
in the subclass Monocotyledoneae  those plants producing a single
seed leaf. Considering that palms normally are unbranched (with the
exception of the doum palm (Hyphaene opp.), this means that each plant
has only a single growing tip. 
 Physical damage to or parasitic attack
 
upon tha growing tip can seriously injure or kill the palm; 
therefore
they are more vulnerable than dicots. 
It is this tender, pale terminal
bud which is edible in nearly all palms and is the commercial source

of hearts of palm. An agricultural disadvantage of a single growing
tip is that palms cannot be pruned to maintain a low stature as is the
practice among a number of other tree crops. 
 Fruit or leaf harvest

of tall, mature trees is therefore difficult in major palms, such as
the date, coconut (Cocos nucifera), and oil palm (Elaeis guineensis),
 
and in a number of minor ones.
 

An advantage of these monocots is that, owing to their single, unbranched

trunk and tight compact crown of leaves, they cast less shade than
dicots. 
 Their stature also permits a greater planting density than
 
is feasible with spreading dicots. 
By allowing more light to penetrate

through the vegetation canopy, palms afford more opportunities for
understory growth of annual and perennial crops. 
 Because palms do not
 
require branch pruning the labor requirements for aftercare generally
are less than for dicotyledonous tree crops, especially during the early

years of growth. Palms do, however, require the removal of dead
 
leaves.
 

Among those palms where leaves are harvested for fiber or wax, such
 
as 
the palmyra (Borassus flabellifer) and carnauba wax palm (Copernicia

prunifera), 
 leaf cutting must be done carefully to avoid damage to
the growing tip. Furthermore, excessive leaf removal is deleterious since

it may weaken the natural resistance of the tree to environmental stress,

and make it more susceptible to parasitic insects and diseases, and
 
stunt its growth.
 

Palms are less vulnerable to fire damage than conifers and dicotyledons

because the basoular tissues are organized into separate bundles and
scattered through the trunk, and 
they have no bark since cells of the
 
procambial strands mature into xylem and phloem. 
Therefore superficial

scorching of the trunk of an adult tree is not serious. 
Adhering leaf
 
bases, such as 
found on the oil palm, provide further insulation to the

trunk. 
Young palms, however, are susceptible to fire damage, which is

often fatal. Fire is 
an important concern in agricultural systems which
 
include palms and periodic burning to control weeds.
 

Flowering is another palm characteristic to be considered. 
Palms

exhibit more instances of diocism than woody dicots; several important

species, such as the palmyra and date palms, bear male and female

flowers on different plants. In cultivating dioecious palms for fruit,

it is essential that an adequate number of male palms be present to
 
assure a high rate of fruit set. 
 Dioecism ay be exploited to advantage
for plant improvement by restricting pollen sources. 
Female trees may
be pollinated by 
hand from superior male plants to guarantee high fruit
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quality. 
This is a common procedure in commercial date growing.
 

Certain of the cultivated palms are terminal flowering. 
This hapaxanthic
made of life, 
rare in woody perennials, is a disadvantage because those
species must be replaced more frequently. 
The sago palm, for example,
begins to flower at 10-15 years of age and then dies. 
Paradoxically, it
is this very characteristic which gives the palm its major economic value,
for the tree accumulates large quantities of starch in the trunk for the
terminal flowering. This accumulated starch may be extracted from the
interior of the trunk providing the tree is felled before the onset of

flowering.
 

In association with flowering, some palms produce sufficient quantities
of sweet sap to make it worthwhile to tap the inflorescences. The sap
can be fermented and drunk as 
palm wine, or it can be heated and reduced
to palm sugar. 
Tapping of the trunk is also possible in some species,
but it eventually leads to 
the death of the tree.
 

Germplasm Sources
 

As 
far as I have been able to determine, the subject of palm germplasm
per se has never before been addressed. For convenience, the discussion
of germplasm will also loosely follow the tripartite classification system
used above. Although ornamental use was excluded as a criterion in
fulfilling the multipurpose definition; plant societies, seed dealers, and
nurseries become quite relevant as germplasm sources when dealing with
multipurpose palms which are also grown as 
ornamentals.
 

Before beginning to discuss germplasm sources, it is useful to consider
palm propagation in general. 
 This subject has been treated by Kiem (1958)
and a number of others in the nursery trade. Palm propagation methods
are more limited than is the 
case with dicots because vegetative
propagation via grafting, budding, layering, the rooting of stems, etc.,
cannot be utilized. 
The only currently operational method of 
asexual
propagation of palms is the separation of basal suckers with roots and the
division of clumps. Unfortunately, a relatively limited number of palms
have these growth habits. As far as the multipurpose species are
concerned, the following can be propagated asexually:
 

Group I 

Phoenix dactylifer 
Group II 

Bactris gasipaes 
Group III 

Copernicia spp. (some) 
Eugeissona utilis Cyrtostachys lakka 
Euterpe oleracea Daemonorops spp. (come) 
Metroxylon sagu Licuala spp. 
Nypa fruticans Nannorhops ritchiana 
Salacca zalacca Oncosperma app. 

Pinanga app. 
Raphia app. 

vu
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This group of palms can be grown from seed as well, but they generally
 
would not be under commercial operations because it requires a year
 
or moreto grow from seed a plant the size of a basal sucker. For the
 
remainder of the multipurpose palms, propagation by seed is the only
 
practical means currently available.
 

Palm fruits vary from genus to genus, but there are four common
 
characteristics which can be noted. They are relatively large,
 
generally contain a single large seed, do hot dehisce when ripe,
 
and are not dormant when mature. The viability of palm seed is a subject
 
about which much remains to be learned. Deleon (1958) estimated that
 
palm seed viability ranged from 2 weeks to 3 months, depending upon the
 
environment of the palm and the thickness of the endocarp. The Palm
 
Society Seed Bank operates under the assumption that seeds retain via
bility for up to 3 months. Detailed studies have been conducted on
 
some of the major cultivated palms
 

Coconuts store for up to 4 months in cool, dry, ventilated shelters
 
(Purseglove, 1972); oil palm seeds packed in covered drums at ambient
 
temperature retain a high level of viability for up to 12 months
 
(Hartley, 1977); and date palm seeds kept in closed containers
 
without refrigeration proved to be highly viable for up to 6 years
 
(Nixon, 1964). The general practice, however, is not to store palm
 
seed at all but to use it for propagation immediately after being
 
harvested.
 

Natural Areas.
 

For most of the palms under consideration, natural areas represent
 
major sources of germplasm. This is particularly true of Group III
 
palms, and to a slightly lesser degree of those in Group II. Three of
 
the latter--peach palm, sugar palm (Arenga pinnata), and talipot palm
 
(Corypha umbraculifera)-- are unknown in the wild, but do have wild
 
relatives which can furnish germplasm for breeding programs. None of
 
the palms in Group I is found wild, although the status of the oil
 
palm is not quite clear. One other species of that. palm, the American
 
oil palm (Elaeis oleifera) in Group II, is found wild as are con
genetic species of the areca palm (Areca catechu), and of the date palm.
 
One of the latter is the wild date palm (Phoenix sylvestris) in Group II.
 
The coconut stands by itself as a monotypic palm without any closely
 
related wild relatives.
 

The geographical distribution of these multipurpose palms is known
 
approximately from floras, species lists of vegetation formations,
 
hervaria records, and general sources. Some maps of palm distribution
 
at the generic level, and for all of the palm subfamilies, can be found
 
in Moore (]973a). However, the current situation is still somewhat
 
uncertain because many taxonomic questions remain to be answered.
 
Even the date palm genus Phoenix is not fully understood, in part
 
because of natural hybrids among the species. Of the palms in
 
Groups II and III, only a few genera have been monographed. The rattan
 
genera Calamus and Daemonorops were recently studied by Dransfied
 
(1979); the genus Copernicia by Glassman (1961, 1963); Pritchardia by
 
Beccari and Rock (1921); the West African species of RaphJa by Russell
 
(1964); and the genus Thrinax by Read (1975). Investigations in
 
progress by Michael J. Balick of the New York Botanical Garden should
clear up the taxonomic confusion in the Jessenia, Oenocarpus and
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Orbignya genera. General knowledge of all palm genera will be greatly
enhanced upon completion of Genera Palmarum, begun by the late Harold E.
Moore, Jr. and scheduled for publiceatin in 1984 through the joint
efforts of Natalie W. Uhl of Cornell University, Ithaca, New York and
John Dransfied of the Royal Botanic Gardens at Kew, England.
 

Inextricably linked to reliance upon natural 
areas as sources of
palm germplasm is the identification and appropriate protection of an
adequate number of tropical ecosystems (NAS, 1978). Failure to do so
has already threatened the survival of some palms. 
 Moore (1979) details
several palms as being endangered, among them all species of Ceroxylon,
and one of the royal palms (Roystonea elata).
 

Selected Stands. 

This germplasm source represents a refinement of the information about
natural areas and 
:s applicable when greater scientific knowledge about
a particular palm is available, or can be inferred from the location of
comnercial extraction activities. 
 In either case a sdlected stand
generally represents the core, or a core, area of a palm within its
geographic range. 
As such, the concept of a selected stand applies to
managed, semi-wild, and wild palms of Groups II and III. 
As either the
densest concentration of a particular palm, or a plant population which
has proved empirically to be above average in yield of its useful
products, a selected stand is a gene pool possessing high potential. 
 Thos(
palms in Group II which have been brought under a rudimentary form of
cultivation probably 'eprescnt selected germplasm from the wild, used
as planting material because of direct evidence of high productivity.
Core 
areas also convey information about the optimal environmental
parameters of a palm, of great utility in determining where cultivation
should be promoted. 
This often strong link between distribution and
environment is exemplified by 
the moriche palm (Mauritia flexuosa) which
is 
a reliable ecological indicator of tropical rainforest swamps

(Moore, 1973b).
 

The quantity and quality of information available on selected stands
of the palms in Groups II and III, ranges from adequate and good, to
almost nonexistant and poor. 
An example of the former is the carnauba
wax palm in Group 1I.. 
As a result of studies by Dahlgren and Glassman
(1961) and Johnson (1972a) the major areas of dense stands are known to
be on 
the river floodplains of semi-arid northeastern Brazil, and have
been mapped. 
In some of these areas, the palms have been brought to a
predomestication level 
through management and multiple land use,

including livestock grazing.
 

The licuala palms (Licuala spp.) 
of Group III may serve 
as an example
of inadequate infomnation. According to Whitmore (1973) there are
25 accepted species in the Malay Peninsula alone. 
 The species distributions overlap, the site requirements of individual species are
imperfectly known, and the ethnobotanical data are not clearly related
to particular species. 
 To accurately identify selected stands would
require a considerable amount of botanical and ethnological study.
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Seed Orchards
 

As used here, this designation is taken to mean the intentional
 
cultivation of palms in order to provide planting material to sub
sistence or commercial farmers for replacement of old or establishment
 
of new palm groves. Planting material refers to both seeds (called

seednuts in coconut) and basal suckers. Seed orchards per se exist
 
for only a few of the more commercially developed palms.
 

Planting material for the palms in Group I is derived to some
 
extent from seed orchards. 
This is in the form of seed for the areca,
 
coconut, and oil palm; and suckers for the date palm. 
To an undeter
mined extent, the peach palm of Group II is propagated by means of
 
seed or suckers from organized orchards. The only other palm fitting

into this category is the sago, propagated to a limited degree from
 
what might be loosely termed orchards. As for the remainder of the
 
multipurpose palms, their individual valorization as sources of raw
 
materials has apparently not yet reached the stage where public or
 
private seed orchards are justifiable or economically attractive.
 

Botanic Gardens
 

The natural beauty of palms and their popularity among gardening

enthusiasts has done a great deal to assure a good representation of
 
patms in public and private gardens. Because of their almost exlusively

tropical origins, this representation is limited to garden in
 
subtropical or tropical locations. 
A number of palm species do well
 
as 
house plants if their requirements for temperature, moisture,

and light are satisfied. The 
two most notable indoor palm collections
 
are found in the massive glass houses of the Kew Gardens and the New
 
York Botanical Garden.
 

Fundamental to the use of botanic gardens as sources of germplasm

is accurate and up-to-date information on the palms in their collections.
 
This appears simple to obtain, but is in fact difficult. Many

botanic gardens were established and maintained more as parks than
 
as centers of plant science research. If the plants are labelled, the
 
identification may be incorrect or not reflect the currently accepted

binomials. 
 T e .latter of course can be remedied by referring to
 
synonym listings. Being a specialized plant group that requires an
 
expert to make accurate identifications, palms are often poorly known
 
in a collection. Botanical gardens publish plant catalogues or species

lists, but they suffer from being based on uncertain data and are
 
rarely updated on a regular basis.
 

Bearing in mind all of the above caveats, some published data on
 
palms in botanic gardens are available. McCurrach (1960) in his
 
Palms of the World includes an appendix with data on palms growing in

eight major botanic gardens around the world. 
A list of living palm

collections was also published in The American HorticulturalMagazine

(1961), and identified 30 important collections; however, no
 
enumeration of taxa was provided. More recently, Basu (1978) published
 
a list of palms in the Indian Botanic Garden near Calcutta, and the
 
Fairchild Tropical Garden (1979) issued a new plant catalogue.
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To gain a tentative and approximate idea of where living specimens

of the multipurpose palms 
can be found in botanic gardens, the
above sources were used to compile Table IV. 
 As indicated, all but
two 
species are found in the garden included. However, because the
Bogor Botanic Gardens listing provides only genera, inclusion of
specimens of Eugeissona utilis (Group II) and Borassus aethiopicum

(Group III) is uncertain. Since most of the 
censuses 
were taken in
the 1950s, and both the Fairchild Tropical Garden and the Indian
Botanic Garden have long been in existence, it is safe to assume

if the specimens are still in the collections they are mature and

that
 

bearing seed.
 

An alternative to obtaining palm seed is 
to turn to commercial
 
nurserymen for live plants. 
In the United States, there is a fairly
well developed commerce of selling palm seedlings to private growers.
In 1981, as 
an aid to those growers, the San Juan Tropicals Company,
San Juan Bautista, California, specializing in palms and bromeliads,
established a new service. 
 For a fee, interested parties may subscribe
to 
a quarterly computer-assisted listing of all species of palm trees
for sale in the United States. The service is designed for both buyers

and sellers of palms.
 

Seeds, Pollen, and Tissue Culture
 

Grouped together, these three represent the remaining germplasm

resources 
to be introduced and discussed in general terms. 
 Seeds in
this context are distinguished from those directly acquired from natural
 areas, selected stands, seed orchards, and botanic gardens, by the fact
 
that indirect sources are used.
 

Of prime importance in this regard is the Seed Bank maintained by the
Palm Society. 
Created in 1957, just one year after the founding of
the Society, the Seed Bank is 
run by volunteers within the organization

and provides a means for members to obtain fresh palm seed from various
parts of the world, These seeds 
are planted in private gardens, or may
be provided for civic improvement projects in public parks.
 

The Seed Bank functions in a simple and efficient manner. 
A roster
of members willing to provide seed has been developed, and includes
 sources within the United States, along with Puerto Rico and the Virgin
Islands. 
 Active foreign sources are in Australia, Barbados, Brazil,
Canary Islands, Colombia, Costa Rica, Fiji, Mexico, Nevis, New Caledonia,
New Guinea, New Zealand, Philippines, Solomon Islands, South Africa, and
Thailand. 
This coverage affords an opportunity to obtain an impressive
variety of seed. 
 The standard Seed-Bank list is reproduced in Table V.
A copy of this listing is distributed to all society members; if they
are interested in obtaining seed, they so indicate the species 
on the
form and return it to 
the Seed Bank. When a shipment of seed is
received, small batches are 
immediately dispatched to participating

members. 
The operation maintains itself by charging members a fee 
cover the cost 
of seed shipment to 

to
 
the Bank and their distribution. Air
 

mail is used for all shipments.
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The seed available through the Seed Bank originates from private
 
collections, botanic gardens, and from wild plants; it goes back to
 
private collectors and to botanic gardens. Of the 50 multipurpose

palms, 25 are a part of this exchange system. Operated for years from
 
Southern Florida, the Seed Bank was shifted to Southern California
 
in 1979 because of the lethal yellowing disease attacking Florida
 
palms.
 

Although it provides the greatest variety of fresh palm seed, the
 
Seed Bank is not the only source. Commercial dealers handle some
 
palm seed, typically specializing in the more popular species. These
 
dealers include Peter Dow in Gisborne, New Zealand; Ronald Hurov in
 
Chula Vista, California; and DeArmand Hull, in Miami, Florida.
 
Reportedly, seed obtained from commercial dealers is less viable than
 
that from the Seed Bank. This may be because commercial dealers attempt
 
to store seed and are not able to ship it as soon as it becomes
 
available. Occasionally, advertisements by United States and foreign
 
dealers are placed in Principes, the journal of the Palm Society, for
 
the sale or exchange of palm seed. Scientific names are generally given
 
in the adverstisements.
 

Palm pollen must be considered among the germplasm resources because
 
of its role in artificial fertilization of commercially-grown date
 
palms and its utilization in breeding programs of major palms. For the
 
latter purpose, pollen of the coconut, date, and oil palms has been
 
exchanged between research stations in different parts of the world
 
and has contributed to plant improvement successes.
 

Research on the general characteristics of palm pollen by Parthasarathy
 
(1970) and Sowunmi (1972) and on pollen storage by Read (1979) has
 
advanced the knowledge of this resource. In 1979 the Palm Society,

in cooperation with the Fairchild Tropical Garden, established an
 
informal pollen exchange program.
 

Tissue culture as a means of propagation is an exciting new frontier
 
and holds great promise for improving the productivity of cultivated
 
palms, especially those that caanot be vegetatively reproduced via
 
basal suckers. This is not the place to attempt a detailed review
 
of the substantial amount of research on tissue culture. 
The current
 
state-of-sciedCe can quickly be summarized from the work of Fisher and
 
Tsai (1979), Corley (1980), and Tisserat (1981).
 

Tissue culture methods are now being employed on a trial basis to
 
produce planting material for oil palms in Malaysia; this represents
 
the farthest advancement of date for any palm. Plants have been
 
successfully produced from cultures of the date palm, and tissue
 
cultures made from the coconut. In Costa Rica, the research being
 
conducted on the peach palm includes tissue culture. 
Corley believes
 
that, given the level of success achieved with the oil palm, tissue
 
-culture can be adopted on a commercial scale to vegetatively propagate
 
the more economically useful palms.
 

Two related research activities should be referred to here before
 
completing this section. Experiments conducted at the U.S Department
 
of Agriculture, Fruit and Vegetable Chemistry Laboratory, Pasadena,
 
California, have proved that cryogenic storage of date palm callus,
 
seed, embryos, and pollen is a success (Tisserat, pers. comm.). These
 
results could be highly significant for the future storage of various
 
forms of palm germplasm if the techniques can be extended to other
 
palms.
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An alternative method of vegetative propagation of the coconut palm
is being studied in Indonesia and has thus far resulted in the successful
 
air-layering of bulbil-shoots, their separation from the parent plant,

and planting as clones (Davis, Sudasrip, and Azis, 1981). 
 These
 
bulbil-clones have produced bulbil-shoots, but not normal flower
bunches. 
 Further research is being conducted to try to reverse the

clones 
to bear fruit. Since other economicall important palms produce

bulbils (areca, sugar palm, palmyra, oil palm, and species of Phoenix),

this line of investigation also holds promise for multipurpose palm

propagation.
 

PROBLEMS OF GERMPLASM DEVELOPMENT
 

The foregoing general description of palm germplasm sets 
the stage for
 
consideration of problem areas of germplasm development. 
Because
palms are almost exclusively tropical in origin, nearly all activities
 
related to the development of germplasm resources involve developing
countries. 
 Many of these nations do not yet have an accurate assessment
 
of their renewable natural resources and therefore can be expected

to act with cate and caution where those resources are concerned.
 
Another co non characteristic of these countries is 
an attitude toward
 
resource 
utilization which is often antithetical to the conservationist
 
view of the more developed temperate countries. 'This too must be

taken into account when proposing to protect tropical ecosystems.
 

Given 50 multipurpose palms and more than 
a dozen countries of origin,
it will be exceedingly difficult to formulate procedures which can be

applied consistently 
to all palm germplasm development. It is much more

realistic 
to draft technical guidelines to assure 
the achievement of
desired results, and modify them to fit the circumstances of the country

involved.
 

Acquisition and Distribution of Documented Gerrplasm
 

Crucial 
to the acquisition and distribution of palm germplasm is 
a
determination of where, geographically, the major development effort

is to take place. Originb of the multipurpose palms are included in
Tables I, It and III. Re-examination of them from that standpoint re
veals that Tropical America and South or Southeast Asia are two major
geographic centers; respectively, they account for 25 and 18 snecies.

A few comments about the exceptions are appropriate. The oil pal-,

although native to West Africa, has 
seen its greatest comercial
 
development in Southeast Asia; 
the date and doum palms can be adequately

dealt with by the Palm and Date Research Center in Baghdad; Calamus
 
rattans have a distribution which includes Southeast Asia; 
the African
 
fan palm (Borassus aethiopicum) can easily be grown in Asia;
Fiji fan palms (Pritchardia spp.) the


could be grown in mainland Tropical

America; and finally the West African raffia palms in Tropical America
 
where one species occurs.
 

At the national level, 
Brazil could most practically function as a

Tropical American palm germplasm development center, and either

Malaysia or Indonesia as 
an Asian center. Establishment of a program

linked to existing agricultural or forestry research stations in Brazil
 



and Malaysia would greatly facilitate collection of germplasm from native
 
wild and selected stands. Moreover, as indicated in Table IV, the
 
botanical gardens in Rio de Janeiro, Brazil and Singapore are major
 
sources of multipurpose palm seed.
 

Acquisition of germplasm along with accurate documentation of its
 
geographic origin, site conditions, and parent plant characteristics
 
can only be accomplished through specific collecting expeditions to
 
native areas of occurrence. Often, because of the high cost of mounting
 
expeditions, attempts are made to secure seed indirectly through local
 
technicians or scientists. This procedure is generally not very
 
successful due to a lack of expertise in palm identification, and
 
because local individuals cannot take time away from their regular
 
duties to make extended trips, even if funds for that purpose are
 
furnished. Therefore seed collected in this manner originates from
 
the nearest accessible location and is not representative of the full
 
range of phenotypic characteristics.
 

The expense of acquiring documented germplasm can be reduced by sending
 
a single palm expert to lead an expedition made up of local
 
technicians and scientists from a cooperating agency. In addition to
 
producing the desired results, local individuals benefit from training
 
in the identification, collection techniques, and location of major
 
natural stands of economic palms.
 

This procedure has been used successfully by the New York Botanical
 
Garden's study of babassu in Brazil, which includes all species of
 
Orbignya. This -isa joint United States-Brazil program consisting of
 
the Garden and five Brazilian agencies. The objective is to obtain
 
representative germplasm by intensively collecting from a small number
 
of plant populations over a wide geographic range. Seed selection
 
combined randomness and representation of the greatest possible
 
variation. Botanical voucher specimens of O spp. were made at the
 
time of seed collection and deposited in herbaria in Brazil and the
 
United States. A comprehensive format for botanical collection of
 
palms used for the program is reproduced in Appendix I. It is included
 
because in almost every case the acquisition of germplasm should be
 
combined with the collection of botanical specimens to help resolve the
 
taxonomic questions which are so prevalent.
 

Distribution of documented germplasm poses fewer difficulties than
 
collections. Prompt shipment of fresh palm seed to the site of planting
 
will increase the rate of germination and lessen the chance of seed
 
infection by fungi. Air freight should be used if land shipment
 
requires more than a few days or if international boundaries must be
 
crossed. Measures seeking to control the transmission of pathogens
 
in seed shipments will be discussed later.
 

To continue with the example of babassu in Brazil, seed collected
 
within the country was shipped to the State Institute of Babassu in
 
Bacabal, Maranhao and added to the active germplasm bank. This
 
recently-founded, 100-ha research station, one of the cooperating
 
agencies, is devoted exclusively to babassu; it is ideally located in
 
a core area of the palm's distribution. In 1982 the New York Botanical
 
Garden sent out another expedition, this time to Bolivia, and collected
 
other species of Orbignya. No problems were encountered in shipment
 
of the seed to Brazil, where it has be-a added to the germplasm bank
 

V"\
 



- 12 

at Bacabal. This lends at least some 
support to the argument for

establishment of regional centers which group together countries more
 
accustomed to dealing with each other.
 

The Palm Society Seed Bank has already been mentioned as a seed source.
 
The Seed Baik requests that volunteer supplies complete a collectipn

data sheet to be furnished with the seed; the informndon is then
 
passed on to 
those botanical gardens receiving; seed. Unfortunately,

full collection data are infrequently provided and, furthermore, there
 
is a very real possibility of misidentification of parent palms. 
 Thus

the Seed Bank represents only a supplementary germFlasm source, not one

which could be relied upon for a systematic research effort. According

to Ernest Chew, who heads the Seed Bank, no difficulties have been

experienced in receipt of palm seed from the 16 foreign areas listed
 
previously, providing that U.S. Department of Agriculture import tags

(furnished by the Seed Bank) are used 
nid the seed is clean. Similarly,

the dissemin:tion of seed to foreign countries presents no obstacles; 
the

Seed Bank relhes upon recipients to furnish any special packing instructions
 
or forms 4o acLcmpany the seed.
 

For reasons already discussed, bot& 
>:nl gardens are only moderately

satisfactory as sources of documented germplasm. 
Typically, the
 
information on the origin of the palms in the gardens is very generalized

unless the 3eeds were obtained as part of an organized botanical
 
expedition, in which case collection data should be available.
 

The degree to which botanical gardens succeed, under known conditions of
 
soil and climate, in growing different palm species can be a useful
 
indications of the palm's tolerance to different environments, and may

reveal if certain growth habits 
are genotypic or phenotypic. An
 
excellent example of the latter is the carnauba wax palm. 
It was

widely believed in Brazil that carnauba palms produced heavy leaf wax
 
in direct response to the semi-arid climate of its native habitat,

and that if grown in other, more humid environments, no wax would be
 
produced. 
E.D. Kitzke's research (cited in Johnson, 1972b) on carnauba
 
palms groviing at the U.S. Plant Introduction Garden, Coconut Grove,

Florida, conclusively proved that a heavy coat of leaf wax is a
 
genotypic trait, and not a physiological response to climate.
 

Selecting and Securing Suitabl. Seedstands
 

The identification of suitable seedstands and the securing of seeds
 
therefrom must be approached on a palm-by-palm bacis; it is most
 
feasible with Group TI multipurpose palms. Two types of problems

can be anticipated: one, sufficient information to identify the desired
 
stands; and, two, the logistics of obtaining the seed. 
If stands can

be identified, there may also be inadequate information on the flowering

and fruiting seasons, which can and do vary somewhat over the maximum
 
geographic range. More than one collecting trip may therefore be needed.
 
According to Mardy Darian, an avid and experienced palm explorer and
 
private collector, the success of a return collecting trip can be
 
improved by tagging desirable trees, clearing away competing vegetation,

and adding time-release plant food to the soil around the tree. 
 This
 
has been shown to induce flowering and fruiting.
 

Some of the logistical problems of obtaining seeds have already been
 
referred to. 
 In addition to securing the cooperation of a local host
 

A~S
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agency, it is also generally necessary to obtain a plant collection
 
permit for an expedition, and possibly obtain advance permission to
collect on private land. 
 Group II palms, especially, are more likely

to be found on private property, whereas Group III palms may occur
 
on unoccupied public lands where a collecting permit should suffice.
 

International political considerations may be a factor in gaining
 
access to seedstands. As an example, let us assume that it were
decided to develop the yarey palms (Copernicia app.) for incorporation

into tropical grazing systems. 
 These palms are almost extlusively

native to the island of Cuba. 
Since the revolution in 1959, it has been
 very difficult for foreigi scientists to conduct field research in
Cuba and 
there are recent reports of lor.g delays in the export of plant
materials. 
Given such difficulties, an alternative source of germplasm

should be sought. -Fortunately, in this case, there exists, a collection
of Cuban Copernicias near Fortaleza, Brazil, established as 
part of a
commercial wax palm breeding project. 
The Raposa palm plantation

contains over 1,300 specimens, representing 12 of the 24 Cuban taxa, and
is fully documented (Johnson, 1971, 1981). 
 Ic would serve as an
acceptable substitute germplasm source. 
However, this is an exceptional
circumstance .and it should not be assumed that alternative sources exist
 
for all of the multipurpose palms.
 

The stientific and logistical problems associated with obtaining palm
germplasm will vary according to the multipurpose palms chosen

for study, 
their countries of origin, and which locations are designated

for active germplasm banks. 
All of these factors should be taken into
 
account in future planning.
 

Improving Germplasm
 

As a group, palms represent some notable successes in.plant breeding.
However, of the 50 multipurpose palms, only the areca, coconut, date

and oil palms (Group I); 
and the peach palm, American oil palm, and
perhaps the sago (Group II), 
have thus far benefited from systematic
programs of applied research. Although only 7 palms have been the

object of improvement programs, in the aggregate they reveal enough

about palms in general to assess the potential for improving the

productivity and quality of products from other palms.
 

The oil palm represents the most successful example of palm development

to date. 
 In the early 20th century, commercial plantations were
established in Zaire and in Southeast Asia and Crop improvement was
undertaken in both areas. 
 Focussed initially on mass selection and

controlled pollination, research on the 
tenera cultivar led to the
discovery at mid-century that it was a natural hybrid. 
This opened the
 way to improvement of the parent types and an 
increase in yield of palm
oil 
to such an extent that the oil palm became the world's highest
yielding oil crop per unit area and a tropical development success
 
story (Johnson, 1980).
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Current oil palm breeding programs are able to draw upon genetic
resources including the Nigerian Institute for Oil Palm Research (NIFOR),
the Institut National pour l'Etude Agronomique du Congo Belge (INEAC)
in Zaire, the Institut de Recherches pour les Huiles et Oleagineaux
(IRHO) in Ivory Coast, and the Malaysian Agricultural Research and
Development Institute (MARDI) (Hardon et al., 1976). 
 Hybrids madebetween the African and American oil palms show promising results, withdisease resistance for cultivation in South America Among otherdesirable characteristics (Hartley, 1977; Tam et al., 1977). Improvement
of the oil palm is facilitated by the fact that the tree reaches
sexual maturity at about 2 years of age. 
 Another major increase in oil
palm productivity is expected in the 
1980s as breeders release new
cultivars, and tissue culture is adopted as 
an operational means of
 
propagation.
 

It is not possible here to discuss in any detail the other improved
palms, but a few selected references can be provided. Bavappa (1969)
and Velappan and Paulose (1974) detail some of the research on the areca
palm in India. The status of the coconut can be found in Child (1964),
Manthriratna(1974, 1978), Rosenquist (1976), Harries (1979), and
Thampan (1981). Contemporary information on 
the date palm is provided
by Carpenter and Ream (1976), Carpenter (1979, 1981), and Mohammed (1981).
Improvements in the peach palm are summarized by Clement and Mora U.,
1982); and of the sago palm by Tan (1977), Ruddle et al., 1978),

and Stanton and Flach (1980).
 

A word of caution should be added regarding the potential for breeding
improvement of multipurpose palms. 
All types of breeding programs
are costly undertakings; in the 
case of tree crops, results are
prolonged because of the iength of time required to 
reach sexual maturity.
Palms in Group I all begin their earliest flowering at 2-4 years of age,
whereas the period for the peach palm is 5 years, and the sago palm
is 10 yers. Indications are (and the available data are far from complete;
that many of the other multipurpose species have an even 
later sexdal
maturity: fishtail palm (Caryota urens): 15 years; palmyra palm: 20 years;

and the talipot palm: 30 years.
 

Abandonment in the 1960s of a breeding program to develop the
carnauba wax palm into a higher producing palm with the aid of other
Copernicia species at the Raposa plantation in Brazil was due, in part, 
to
the fact that the carnauba requires at least 14 years to reach sexual
maturity. 
The other crucial 
factor was the marked substitution of polymer
waxes for vegetable waxes in the same decade (Johnson, 1972b).
 

Necessary Legal Actions Concerning Germplasm Distribution and Trade
 

International exchange of germplasm--seed, pollen, live plants, plant
tissue-poses 
a set of legal and administrative impediments 
to palm
development. 
Solutions are made complicated by the involvement of many
different nations, and because no international body of laws exists
to regulate this 
type of trade. Palm germplasm appears 
to fall between
seed legislation, normally applicable to annual food and other major
crops on the one hand, and plant quarantine requirements designed to
prevent the inadvertent introduotion of harmful plant pathogens into
 
a country, on the other.
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An excellent review of world seed programs is presented by Douglas

(1980); unfortunately, only passing reference is made to types of
 
germplasm other than grain seed. 
Despite the major role of Sermplasm

exchange in the development of the oil palm, the subject has not been
 
given much specific attention. Turner (1981), in his recent book 
on
 
oil palm diseases, discusses quarantine requirewents to prevent the
 
spread of major oil palm diseases, many of which also affect other
 
palms. He recommends that detailed research be conducted on seed
 
and pollen borne microorganisms so that more effective control measures
 
can be legislated rind adopted. Turner mentions the transfer of germplasm

by the tissue culture method as the best solution for the future.
 

It is not possible to cite the import and export regulations of one
 
of the countries most likely to be involved in the development of
 
multipurpose palm germplasm. 
However, because developed countries often
 
serve as models for legislation of this nature, the legal and
 
administrative procedures in force in the United States may serve as
 
an example.
 

Responsibility for regulating the export and import of germplasm rests
 
with the U.S. Denartment of Agriculture, Plant Quarantine Center,

Beltsville, Maryland. The designation "plant material" is used to
 
cover all types of geriplasm. Appendix II summarizes the procedures

for exporting plant material from the United States, and notes that
 
bilatezal agreements exist between the United States and seven foreign

countries to facilitate inspection and shipment. Import regulations ara
 
outlined in Appendix III. 
 Some of the food crops requiring special

import permits are given. The United States has no 
restrictions on
 
either the import or export of plant material from the palm family.
 

There exists the possibility that some country may impose restrictions
 
on 
the free exchange of palm germplasm. This might occur if it
 
were believed that a palm's development elsewhere would deprive the
 
country of that opportunity. Such restrictions could be carried out
 
under the guise of plant quarantine regulations or by delays in ship
ment of seed or 
other plant material to the extent that viability would
be lost. To avoid such circumstances, palm germplasm development must 
be accomplished with the full cooperation and knowledge of the 
individual countries involved.
 

CONCLUSION 

On the basis of germplasm resources, prospects are quite encouraging

for the development of multipurpose palm species and their integration

into agroforestry systems in the tropics. 
 Rather than restate the
 
evidence to support that statement, let me offer some recommendations
 
on how this may be achieved.
 

The 50 palms included in this supporting document need to be reduced
 
in number so that the most promising species can be studied in greater
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detail. 
Those palms selected for further investigation should best
serve two general purposes: 
 one, lead to the development of the palms
with the greatest potential for furnishing commercial raw materials to
generate income for local inhabitants and provide new or increased
 
exports for developing countries; two, provide a sufficient array
of candidate palms 
to fill the broad ecological niches in the tropics.
Each palm should provide some useful, but not necessarily highly
commercialized, products, and function 
as a plant species, along
with other compatible trees, to rehabilitate degraded environments and
 
to stabilize those subject to erosion and degradation.
 

Although some of the palms may be eliminated from the list on the basis
of further study of published information and refinement of the roles
the palms will play, final determination will require field work in thetwo centers suggested: 
 Tropical America (Brazil) and South-East Asia
 
(Malaysia). 

Note 

1. This and the following section on palm characteristics are based on
 a manuscript entitled "Multipurpose palms in agroforestry: 
 a
classification and assessment," submitted for publication to The Inter
national Tree Crops Journal on November 15, 1982.
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TABLES AND APPENDICES 

TABLE 1: IMPROVED, CULTIVATED PALMS
 

Scientific and 


Common Names 

Areca catechu L. 

areca or betel 

palm 


Cocos nucifera L. 

coconut palm 


Elaeis guineensis 

Jacq, 

oil palm or African 

oil palm 


Phoenix dactylifera L. 

date palm 


Origin and Native 


Habitat
 

S,SE Asia: inferred tropical 

rainforest, to 900m; unknown 

wild 


SE Asia: inferred tropical 

rainforest, esp. coastal 

sites, 
to 300 m; unknown wild 


W Africa: tropical rainforest, 

forest, esp. open, wet sites 

to 800 m; semi-wild 

only 


Middle East: subtropical semi-

desert to desert; unknown wild 


Products
 

Seed as masticatory;
 
edible heart; leaves
 
for thatch; leaf
 

sheaths for hats,
 
containers, trunk for
 
wood; seed in veterinary
 
medicine
 

edible oil, fruit, drink
 
heart; leaves for
 
thatch, weaving; trunk
 
for wood; many misc.
 
products.
 

edible and industrial
 
oil; sap for wine;
 
edible heart; leaves
 
for thatch, weaving;
 

petioles
 
for fencing,
 
construction
 

edible fruit; sap for
 
wine; leaves for thatch,
 

weaving; trunck for
 
wood; many misc.
 
products
 

<\
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TABLE II: UNIMPROVED CULTIVATED OR MANAGED PALMS
 

Scientific and Origin and Native Products 
Common Names Habitat 

a innata SSE Asia: inferred tropical sap for sugar, wine, 
w.)err. rainforest into dry forest, starch from trunk; fiber 

Sugar or gomruti to 1,200 m; from leaf sheath; edible 
palm unknown wild heart 

Bactris gasipaes C,S America: inferred edible fruit, heart; 
HBK tropical rainforest, to trunk for wood 
peach palm, pejibaye, 1,200 m; unknown wild 
pupunha 

Borassus flabellifer L. S Asia: tropical dry forest sap for sugar, wine; fiber 
Palmyra palm into savanna, to 750 oa from leaf stalk; edible 

fruit; leaves for thatch, 
weaving; trunk for wood; 
many misc. products 

Calamus app. Old World: tropical rain- rattan canes; edible 
forest to 1,000 m fruit oome spp; fruit for 

rattan medicinal use 

Caryota urens L. S,SE Asia: tropical rain- sap for wine, sugar; 
Fishtail or toddy forest, esp. secondary forest, starch from trunk; fiber 
palm to 1,500 m from leaf sheath; edible 

heart 

Copernicia prunifera S America: tropical dry wax from leaves; leaves 
(Mill.) Moore forest into savanna, esp. for weaving; trunk for 
carnauba wax palm floodplains wood 

Corwpha umbraculifera L. S,SE Asia: inferred tropical sap for sugar, wine; 
talipot palm rainfovest, to 600 m; unknown starch from trunk; 

wild leaves for matting, paper 

Elaeis oleifera S, C America: tropical edible and industrial 
(HBK) Cortes rainforest lowlands oil 
American oil palm, 
corozo 

Eugeissona utilis SE Asia: tropical rainforest, starch from trunk; edible 
Becc. esp. disturbed sites, to fruit; leaves for thatch 
bertam palm 1,000 m 

Euterpe edulis S America: tropical rainforest edible heart; cellulose 
Mart. into subtropics, to 1,000 m 
palmito branco or 
jucara 

Euterpe oleracea S America: tropical rainforest, edible heart, fruit 
Mart. sites subject to flooding 
Acai or palmito da 
Amazonia 
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TABLE II (cont'd) 

Scientific and Origin and Native Products 
Common Names Habitat 

Hyphaene thetaica (L)Mart 
doum or dum palm 

Africa: semidesert 
to desert, to 600 m 

edible fruit, heart; sap 
for wine; fruit for 
medicinal use; leaves for 
weaving 

Metroxylon sagu 
Rottb. 

SE Asia: tropical rain-
forest swamps 

starch from trunk; 
for thatch 

leaves 

Sago palm 

Nypa fruticans 
Wurmb. 
nipa palm 

SE Asia: tropical rain-
forest, banks of brackis 
tidal rivers 

edible fruit; sap for 
sugar; leaves for thatch, 
weaving 

Orbignya speciosa 
Barb. Rodg. 

S America: tropical rain 
forest, upland sites 

edible and industrial oil; 
leaves for thatch 

babassu or babacu 
palm 

Phoenix sylvestris (L.) 
Roxb. Wild date palm, 

silver date palm 

India: tropical rain-
forest to 1,500 m 

edible fruit; sap for wine, 
sugar; leaves for weaving 

Roystonea app. 
royal palm, Cuban royal 
palm, cabbage palm 

Carib. C,S America: 
tropical rainforest into 
drier Forest and savanna 

fruit for livestock; edible 
heart; starch from trunk; 
leaves for thatch, weaving; 

trunk for wood 

Salacca zalacca (Gaertn.) 
Voss 
Salak palm 

SE Asia: tropical rain-
forest, in dense shade, I 
300 m 

edible fruit; leaves for 
thatch, mats 

Syagrus coronata (Mart.) 
Becc. 

S America: tropical dry 
forest to savanna 

edible and industrial oil; 
wax from leaves 

ouricuri or licuri palm 



TABLE III: SEMI-WILD OR WILD PALMS
 

Scientific and 

Comon Names 


Acrocomia sclerocarpa 

Mart. 

macauba, macaja, 

coco de catorro
 

Astrocaryum jauari 

Mart. 

jauari, awarra 


Astrocaryum murumuru 

Mart. 

murumuru 


Astrocaryum vulnare 

Mart. 


tucuma 


Attalea funifera 

Mart. 

piassava or piacava,
 
Bahia piassava
 

Borassus aethiopicum 

Mart. 

African fan palm 


Ceroxlon alpinum 

Bonpl. ex DC. 

South American wax
 
palm
 

Copernicia app. 

yarey palms 


Crytostachya lakka 

Becc. 

sealing wax palm
 

Daamonorops spp. 

rattan 


Jessenia spp. 

seje, pataua, 

milpesos, sacumana 


Origin and Native 

Habitat 

S America: tropical dry 

savanna to tropical 

rainforest 


S America: tropical 

rainforest sites subject 

to flooding
 

S America: tropical 

rainforest, sites sub-

ject to flooding 


S America: tropical rain-

forest, upland sites 


S America: tropical rain-

forest, coastoal sites 


Africa: tropical wet 

savanna 


S America: tropical 

mountains 


Carib: tropical dry savanna 


SE Asia: tropical rain-

forest swamps 


SE Asia: tropical rain-

forest 


S America: tropical rain-

forest, upland sites 


Products or
 
Potential Use
 

edible and industrial oil;
 
edible fruit, heart;
 
leaves for thatch
 

edible and industrial oil;
 
leaves for thatch
 

edible and industrial oil;
 
fruit for livestock;
 
leaves for thatch
 

edible and industrial oil;
 
edible fruit, heart;
 
fiber from rachis; leaves
 
for thatch
 

leaf base fiber; leaves
 
for thatch
 

edible immature fruit;
 
sap for wine; leaves for
 
thatch, weaving
 

wax from trunk; mountain
 
reforestation
 

fruit for livestock;
 
leaves for weaving; trunk
 
for pillars; compatible
 
with grazing systems
 

wood for pillars, flooring;
 
swamp stabilization
 

rattan canes; some app.
 
edible fruit; fruit
 
scales in medicine
 

edible and industrial oil;
 
fruit juice as beverage;
 
leaves for weaving
 

\0
 



TABLE III (Cont'd)
 

Scientific and 

Common Names 


Leopoldinia piassaba 

Wall. 

Para piassava, piacava 


Licuala spp. 

Licuala 


Livistona spp. 

serdang 


Phytelephas macrocarpa 

Ruiz & Pav. 

ivory nut palm, tagua 


Pinanga app. 

pinang 


Pritchardia app. 

Fiji fan palm 


Raphia spp. 

raffia palms, African 

piassava 


Sabal app. 

palmetto 


Scheelea spp. 

corozo, coroba 


Thrinax app. 

thatch palms 


Manicaria saccifera 

Gaert. 

temiche palm, guagara 


Origin and Native 

Habitat 


S America: tropical rain-

forest, sites subject to 

flooding
 

SE Asia: tropical rain-

forest undergrowth 


SE Asia: tropical raiL 

forest, coastal and 

mountain sites 


S America: tropical rain-

forest, esp. sites subject 

to flooding, to 1,500 m
 

SE Asia: tropical dry 

forest, mountains to 

1,200 m; 
some spp in sites 

subject to flooding 


Polynesia: tropical 

mountain slopes, wet to 

dry 


W Africa: tropical rain-

forest, swamps, sites sub-

ject to flooding 


N,S America: tropical and 

subtropical, wet to 

dry 


S America: tropical rain-

forest, riverbanks, 


savanna 


Carib: tropical and sub-

tropical dry forest 


S America: tropical rain-

forest, swampy sites 


Products or
 
Potential Use
 

edible fruit; leaf base tor
 
fiber; leaves for thatch
 

edible heart; walking
 
sticks from trunk; leaves
 
for weaving; some spp

ecological indicators
 

edible fruit, heart; fruit
 
for livestock; leaves for
 
fans; trunk for wood
 

edible immature fruit;
 
vegetable ivory
 

edible heart; leaves for
 
weaving; trunk for walking
 
sticks, wood; erosion
 
control
 

edible immature seed; leave!
 
for thatch, weaving;
 
erosion control
 

edible fruit, oil; sap for
 
wine, leaves for fiber,
 
thatch, weaving; petiole,
 

leaf rachis for building
 
material
 

edible fruit, heart; leaves
 
for thatch, weaving, brush
 
fiber; reforestation
 

edible and industrial oil; 
leaves for LhaLch _. 
wood, fuel 

leaves for thatch, weaving;
 
reforestation
 

edible fruit; starch from
 
trunk; leaves for thatch;
 
spathe for cloth
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TABLE III (Cont'd) 

Scientific and 
Comnon Names 

Origin and Native 
Habitat 

Products or 
Potential Us 

Hauritia flexuosa L. 
Horiche, buriti, muriti, 
aguaje 

S America: tropical rain-
-forest, sites subject to 
flooding 

edible and industrial oil; 
edible.fruit, heart; starch 
from trunk; leaf fiber for 
rope; petiole for cork; 
trunk for wood; indicator 
plant of tropical rain
forest swamp 

Maximiliana martiana 
Karst. 

S America: tropical rain-
forest, dry, sandy, uplax 

edible fruit, heart, oil; 
leaves for thatch, weaving 

inaja sites 

Nannerhops ritchiana 
Gdritl. 
Mazari palm 

S Asia: subtropical 
mountains to 1,500 m 

edible fruit, heart, young 
inflorescence; leaves for 
thatch, weaving; leaves, 
petioles, trunk for fuel; 
erosion control mountain 
slopes 

Oenocarpus app. S America: tropical rain- edible and industrial oil; 
bacaba forest second growth, 

upland sitc3 
edible fruit; trunk for 
wood; potential fiber source 

Oncosperma app. SE Asia: tropical rain- edible heart; trunk for wood 
nibong or nibung forest, mountain slopes resistant to salt water 

to 1,500 m 



TABLE IV: MULTIPURPOSE PALMS IN BOTANIC GARDENS 

The following abbreviations are used:
 

BGA Botanic Carden of Adelaide, Australia (1958)
 

BGS Botanic Gardens, Singapore (1939)
 

BOG Bogor Botanic Garden, Bogor,-Indonesia (1957)
 

CGF U.S. Plant Introduction Garden, Coconut Grove, Florida (1956) 

FTG Fairchild Tropical Garden, Miami, Florida (1979) 
Botanical Garden, ,SnMarino, California (1951)HBG Huntington 


HOP Hope Botanical Garden, Kingston, Jamaica (1954)
 

IB .-Indian Botanic Garden, Calcutta, India (19?-)
 

JBB .,Jard-1m Botanico, Rio de.Janero, Brazil (1958) 

Dates indicate vhen the censuses ere completedNotes: 

* Data for Bogor is available only at the generic level 

Group I 

Areca 
Cocos 

catechu 
nucifera 

BOA,
BGS, 

B3S, BOGV
BOG,. CGF, 

CGF,ITG, FTC,IBG HOP,'X[BG,. JBB 

Elaeis guineensis 
Phoenix dactylifera 

BGA, EGS, BOG, 
BGA, BOG, CGF, 

CGF, 
FTG, 

FTG, 
RIG, 

HOP, 
JBB 

IBG, JBB 

Group 11 

Arenga pinnata BGA, BGS, BOG, CGF, FTC, IBG, JBB 
Bactris gasipaes BGS BOG, CGF, FTG, IB, JBB 

Borassus flabellifer BOG, CGP, FTC, IBG, JBB 
BGS, BOG, FTG, IBG, JBBCaamspp 


Caryota ue es BGA, BOG, CG7, FTG, IBG, JBB 

C.pernicia p CGF, FTG, HOP, JBB 
Corypha umbraculifera BOG, CGF, FTG, HOP, IBG, JBB 
Elaeis oleifera CGF, FTG, JBB 

Eugeissona utilis BOG 
Euterpe edulis BOG, HOP 

Euterp geracea BGS, BOG, JBB 
4yphaene thetaica BOG, FTG, IBG 

Metrcylon sagu BGS, BOG 
fluticans BOS, BOG, COP, FTG 

Orbn- speciosa BOG COGF, FTG, JBB 
BOG, CGF, FTG, HBG, IB3, JBBPhoenix sylvestris BGS, 

BGA, BGS, BOG, CGF, FTG, HOP, IBG, JBBRoystonea spp. 

Salacca zalacca BGS, BOG, FTG, IBG, JBB
 

Syagrus coronata BOG, CGF, FTG, JBB
 

Group III
 

Acrocomia sclerocarpa CGF, JBB 
Astrocaryam japar BOG, JBB 
AstiocaryLm murumuru BOG, CGF, JBB 
Astrocaryum vulgare BGS, BOG, HOP 
Attalea funifera BOG, JBB 



TABLE IV (Cont'd)
 

Group III (Cont'd)
 

Borassus aethiopicum
Ceroylon alpinum

Copernicia app. 

Cyrtostachy, lakka 
Daem onrops spp. 
Jessenia spp.

Leopoldinia piassaba
Licuala app.
Livi'stona spp. 
anicaria saccifera 


Maurltiaf1exuosa 

Maxiiliana imrtiana 

Nannorphops ritciana 

Oenocarpus spp.

O6Cosperma spp. 
Phytelephas macrocarpa
Pinanga app. 
Tritchardia app.
Raphia app. 
Sabal app. 
Scheelea spp. 
Thrinax *pp. 

- 24 

;BO

'(none)(oe

CCF, FTC, JBB
 
BGS, BOG, FTG
 
BOA, BGS, BOG, CGF, IBG, JBB
 
(none)
 
JBB
 
ECS, BOG, CGF, FTG, HOP, IBG, JBB 
BCA, BGS, BOG, CGF, FTG, HBG, HOP, IBG, JBB 
JBB 
CGF, FTG, 13B 
BOG, 3BB 
CG, FTG 
BOG, JBB 
BGS, BOG, FTG, HOP, JBB 
BOG, FTG, JBB 
BS, BOG, CGF, FTG, HOP, JBB 
BPG, FTC, HOP, IBG, JBB 
BGA, BGS, BOG, CGF, FTG 
BOA, BOS, BOG, CG, FTG, HBG, HOP, IBG, JBB
BGS, BOG, CGF, FTG, IBG, JBB 
BCS, BOG, CGF, FTG, HOP, lBG, JBD 
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0Z580 lincspemrz braeteaZe 

01590 ClMnost~J2 poMpsie 

OZ6Z2 Ccoooth'unax argentea 

O16ZZ Cccothrina oritita 


01613 Coccotnrinax duasiana 

01610 Cocothrinax fragrano 

01614 Cocothrinax nmiragua 

OZb'l5 Coccothrinaxreadii 

01630 Cocoa nucifera 

01650 Copernicia alba 
01651 Copernicia baileyana 
01680 .Corypha elata 
01690 CryosophZla argentea 
01720 Cyphosperma baZansae 
01732 Cyrtostachys comksocZada 
01731 Ortostachys glmaua 
01730 Cyrtoetachy8 Zakkz 
05733 Crtosotachys 7TeZermexij 
01715 Demonorops -o1.14rifera 
01744 Daennorops did6fpophylZa 
01742 Daenonorop.., f irmioa 
O?41 tA2eronorops toherianus 

01740 Daeonoropo roZllis 

0"1743 Dwwmworops periaxmtha 

01890 Deckenia nobilis 

01"02 Desamius prunifera 
01900 Desoncus tobagonia 

02010 Dictyoapeyrm album 

02020 Drymnphloesu beguinii 

02070 Mlacis guineensis 

02110 Eugeiseona insignis

0212Z Euterpe edul.:s 

02Z20 Euterpe globosa 

02124 Eutelpe azorospadix 

02Zf'2 Euterpe olert'cea 

02Z23 Euterpe prptirep 

02140 Ca trococos O22spa 
02160 Geonow interupta 
02Z61 Geoonoa paustris 
02764 Geonow pinnatifron 
0",162 Geonow aolhotti 
02270 G2onophyl.Zzn pamsayi 
02350 eterospathe eZata 
02353 etoroepathe philippinensis 
02351 Beteroepathe sibuyanenesie 
02354 Heterospathe woodfordianc 

02352 Hetez oepathe negroeen,i 
02391 Boo-ea belZnmreana 
02390 Howea forsterana 
03P50 Ozria appendiculata 
0325Z O Nia Palindan 
03340 Pelagodoxa minor 
03360 Phoanicophoriwm boraigianum 

024L iI ,ophorbe ve cshaffeZtii 
02520 Iriarteaexor'hiza 
02580 Jubaea ohiZefliB 

.0258Z Jubaea speotabilie 
02610- Xorthalsia Zaciniosa 
02650 Lat ospadix austra~aaioa 
02660 Zatania Zodlig,3ii 
02661 Latania verslchffeltii 
027Z4 U=i &t elegans 
02715 LiuaLc furoata 
0271Z Lio., grandis 
027Z3 Licuala muelleri 
-02710 Licuala epiosa 
02716 Licuala 'Z5ida
 
02821, Linospadix rmnor
 
02820 Linospadix mrnoatachys
 
02847 Livietorc,ausitxal,'

.02848 Liviatona chinenvis 
02855 LiviRtona chinensis 

var. subglobosa 
0285L Livistona decipiens 
02844 Livietona drudei
 
02845 Livietona eastonii
 
02842 Livistona humili
 
02852 Livis8tona merrilZii
 
02840 Liufptona njue ZUri
 
02849 i,,Vistona rigida
 
02853 Livistona robinsoniana
 
02846 Livi t na rotwzdifolia
 
02841 Livistona rotundifolia
 

var. luzoneneio
 
02843 iUvietzoa &zr2bu
 
02854 Livistona specioa
 
02960 Mauritia vinifera
 
03037 Mzoroooelw, insigne
 
03030 Mioroocoewn mrtianum
 

(weddeI liann) 
03032 MicrocoeZwn weddeZlianum 
03080 engelZa pinangoides 
03100 Neodypsi3 decaryii 
03121 fleonicholsonia watsonii 
03160 Necveitchia etorckii 
03170 Nephrosperma vanhoutteanwn 
03Z80 Normdrya normzndyi 
03Z90 Nypa fruticans
 
03201 Oenocarpus pawmvi 
03231 Onaosperm filamentosa 
03230 Oncsprzm tgriZlarjum 
03240 Opsiandramrja 
03942 Roystonea eZata 
03941 Roystonea oZeracea 
-03940 Royotonea regia 
03956 Sabal blaokbuznia 

03374 Phoenix canariensis 03952 Sabal causiar 
03372 
03371 
03375 
03373 

Phoenix loureirii 
Phoenjx ltoiirunti 
Phomeix reclinata 
Phoenix roebelenii 

03954 
03959 
03958 
03957 

SabaZl etonia 
Sabal glabra 
Sabal raurittiformis 
Saba? mexicana 
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TABLE V: THE PALM SOCIETY SEED BANK SPECIES DI3TRIBUTION LISTING
 

00020 Acoelorrhaphe wrightii 00690 Bimsvzrkia nobiliB 
00030 
00034 

Acrocomia aculeata 
Acrocomia antioguietnais 

00720 
06722 

Brahea brandegeii 
Brahea edulis 

00032 
00033 
00031 
00083 
00081 

Acrocomia intumescene 
Acronomia mexica=a 
Acrocomia .vka~yayba 
Aiphanes caryotifolia 
Aiphanes erosa 

00771 
00774 
00770 

00780 

Butia capitata 
Butia erioppatha 
Butia yatay var. 

paraguayensis 
CaZama australiB 

00121 Allagoptera arenaria 00795 Ca aZmw caeius 
0O120 Allagoptera oanpestris 00735 Calmws dimorpho anthus 
0O71 Archontophoenix alexandrae 00790 CaZamus riocanthus 
00175 Archontophoenix alexandrae 00784 Calams filispadix 

var. (Mt. Lewis) 00789 Calamus Zambirensis 
00170 Archonto-'ioenix aLexandrze 90796 Calamu microcarpus 

00Z73 
var. beatricae 

Archotophoenix cunninghaniana 
00783 
00787 

Calamnzt mindorensis 
Calamus ornatus 

00185 
00Z86 

Areca catechu 
Aeca guppyara 

00?91 
00781 

CaZa rue paspaZanthus 
Calamus radicalis 

00Z82 Areca katchinsoniana 00782 CaZaus reveeianus 
00181 
00188 
00189 

Areca ipot 
Areca Zangloisiana 
Areca minuta 

00793 
00788 
00786 

Calams ruvidus 
Camw sophonoathus 
Calanms usitatus 

00180 
00183 

Areca triandra 
Areca vestiara 01190 

var. palawanensis 
Calypt-rocalyx epicatus 

00184 
00230 
00243 
00245 
00240 
00244 

Area- whitefordii var. luzonensi8 
Arecastru ronzoffianum 
Arenga australis 
Arenga caudata 
Arenga engleri 
Arenga mindorensis 

01231 
01260 
01280 
01281 
01283 
01282 

Calyptrogyne eerapiquinees 
Carpentaria acuminata 
Caryota aequatoralis 
Caryota aurningii 
Caryota mitie 
Caryota ochZan&ja 

00241 
00242 
00246 
00260 
00270 
00281 

Arenga pinnat&-
Arenga tremula 
Arenga westerhoutii 
Arikuryroba schizophylia 
Asterogyre nmartiana 
Astrocaryum mexicana 

01284 

01285 
0Z330 
01369 
01350 

Caryota rMphiatur 
var. philippinensis 

Caryota uroens 
Ceroxy on guidenense 
Chaniedorea brachyclada 
Chameedorea cataractarum 

00280 Astrocaryum tu~wmcn 01367 Chanedorea concoor 
00332 Attalea allenii 0Z352 Chaaedorea costarvcana 
00333 
00331 
00330 
00363 
00360 
00610 
00611 

Attalea geraensis 
Attalea humilis 
Atta lea ltunifera 
Bactris yasipaes 
Bactria naraja 
Balaka longirostris 
BaZaka seenrtii 

01359 
01368 
01366 
01365 
01360 
01355 
OZ351 

Chamaedorea ernesti-augusti 
Chamnedorea erunpens 
Chamledorea geononrieforMis 
Camedorea glcijo-ia 
Clanaedorea microspadix 
Chamedorea oblongata 
Chanmdorea radicalis 

00630 Barbosa pseudococos 01362 Chcwamsdorea seifrizii 
00652 
00650 
01520 
:4540 
0154 
OZ54" 

Baseelinia eriostachys 
Basselinia pancheri 
Chambeyronia macrocazpa 
Chrysalidocarpus lutescens 
Chrysalidocarpusmadagascarieneis 
Chrysalidocarpuem2dagascarieneis 

tar. Zuoubensis 

01358 
01500 
02403 
02402 
02403 
02400 
02410 

Chanvedorea tepelijote 
Thanzerops komiZis 
Hydriastele beccarianwn 
Hydriaotele douglasiana 
Hyriastele microspadix 
HydriasteZe wendlandiana 
Iyophorbe lagencaulis 
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TABLE V (Cont'd) 

03376 Phoenix syZvestris 03950 Sabal minor 
03410 Physokentia insoZita 03955 Sabal palmetto 
03477 Pinanga bczrnesii 03951 SabaZ tewa 
03466 Pinanga copelandii 04000 ScheeZea phalerata 
03482 PThna?,aa crassipes 04050 Schippia concolor 
03481 Pint-ga densif.-. ,fa 0407Z' Serenoa repens 
034?8 Pinanga dicksonii 04070 Sercnoa repens (blue and green 
03474 Pinm.ga eZmezrii form) 
03461 Pinanga geonomaeformis 04072 Serenora repens (silver form) 
03460 Pincnga insigris 04100 Socratea durissim. 
03472 Pinanga isabelensie 04135 Syagrus comona 
034?9 Pinanga kuhlii 04133 Syagrus coronata 
03.:31 Pinanga li'osa. 04136 Syagrus flexuosa 
03462 Pinanga maculata 04139 Syagrus mncrocarpa 
03485 Pinanga irrZlaiana 04138 Syagrus oleracea 
03473 Pi-anga merrilii 04130 Syagrus picrophylia 
03480 Pincaga modesta 04137 Syagrus pseudococos 
03476 Pinanga philippinensis 04131 Syagrve ron~mzoffianum 
03483 Pinanga polyr,'-rpha 0434 Syagrus sancona 
03475 Pinanga salicifolia 04132 Syagrus sechizophylta 
03600 Plecocomiopsis mira 04170 Synechanthus warscewioziarus 
03620 Pclyandrococos caudescens 
03640 Pestoea ZongipetioZata 04Z92 Thrinax microcarpa 
03683 Pritchardiaaffinis 04Z93 Thrinax morrisii 
03685 Zritachardiabecar.iana 04Z90 Thr nax parviflora 
03681 Pritchardiabeccariana 04191 Thrinax radiata 

var. giffardiana 00203 Trachycarpuo caeepitosis 
03682 Pritchardin Millebrcndii 04200 frachycarpus fortunei 
03680 Pt',tchardiapacifiea 04201 frachycarpus martianus 
03686 Prit chardia samoence 04202 Trachycarpus wagneri.anv 
03684 Pritchardiathurstonii 04210 Trithrinax acanthacoma 
03730 Pseudophornix sargentii 042i1 Trithrinaxbrasilieisi 
05000 Ptychoraphis intermedia 04220 Veilionic aba 
03750 Ptychosperi elegans 04233 Veitohia joant'.s 
0375Z Ptychosperma ncarthurii 04230 Veitchic rse .. i 
03753 Ptychosperma microu.xywn 04231 Veitchia sessilifoli 
03754 Ptychospe2,ra nicolai 04232 Veitchia winin 
03840 Reinhardtia gracilis 04250 Versbhaffeltia spltdida 

var. roetrata 04281 Washingtonia filifera 
03841 Reinhartiasimplex 04280 Washingtonia robusta 
03842 Reinhartiasimplex 04311 Wettinia fascicularis 

04312 Wettinia hirsuta 
03850 Rhaptdophyllum hystrix 04313 Wettinia quinaria 
0389Z Rhopalostylis baueri 
03890 Rhopalostylis sapida 
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APPENDIX I: FORMAT FOR BOTANICAL COLLECTION OF PALMS 

The best overall strategy for collecting palms is to attempt -to capture
a "picture" of the specimen which is as complete and biologically

accurate as possible. Palms often bulky organisms
are and for
practical purposes only portions of diagnostic materials such as
 
leaves and reproductive structures should be collected. 
Lack of material
 
musc be compensated by considerable quantitative and qualitative data
 
(including photographs) obtained in the field. 
 In general, as

dimensions of the palm increase, greater amounts of field data are
 
required.
 

Prior to collecting, the entire specimen should be photographed

to illustrate distinctive characteristics. 
Large palms require

felling to obtain the best material. One should note the length and
 
diameter of the stem, and whether it is solitary or caespitose.

Either a complete section (in the 
case of small palms) or a quartered

section of the usefulstem provides information on morphological
characters, such as the presence and arrangement of prominent internodes,spines, adventitious roots and persistent sheaths. 
 In the case of

heavily armed stems (e.g., Astrocaryum), a separate collection of spines
should be made and described (i.e, color, size, hardness and position

on stem. 
Presence, dimension and color of above-ground advertitious
 
roots is also recordad.
 

Leaves should be counted and the lengths of their component parts
(i.e. sheath, petiole and rachis) measured. The number, color and
texture of pinnae (or segments) should be noted. The best-preserved
leaf is then chosen for pressing. A large leaf must be cut into
sections. 
 If the leaf is pinnate, this is accomplished by separating

sections consisting of the apex, middle and base of the rachis; 
to re
duce bulk, the pinnae can be removed from one side by clipping just

above the point of insertion, and the remainder folded in accordian
fashion. If the leaf is palmate or costapalmate, most of the segments
should be removed and the remainder folded. A section of the petiole

and sheath, with indimmentum and spines (ifpresent), should also be

included. In the case of smaller palms, the entire leaf can often be

collected. Qualitative and quantitative notes should still be made,

although usually in less detail than in larger, more fragmentary

specimens. Pho'tbgraphs of the entire leaf, with a person or rule for

scale, allow the specialist to note such details as pinnae arrangement

and angle of their insertion into the rachis.
 

As juvenile palms rarely possess leaves identical to those of adult
 
stage, collection of seedlings provides useful information of leaf
 
development and growth.
 

Due to their large dimensions, many palm inflorescences also require

special collecting procedures. The complete inflorescence, including

accompanying bract(s) and prophyll, should be photographed and described

in detail. 
 The description should include the inflorescence's position

on the stem in relation to the leaves (i.e. infra-, inter- or suprafoliar), qualitative data (e.g., color and texture of rachillae), and
quantitative data (e.g., length of peduncle and rachis, length and number

of secondary axes, etc.). 
 In the case of bulky inflorescences, only
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APPEBNDIX I (Cont'd)
 

representative portions of all axes need be collected; the rest may be

removed by clipping. Such inflorescences are often impossible to fit
 
into a press, in which case they should be tagged and stored separately

until drying. Lengthy sections may require coiling before being dried
 
in order to fit on an herbarium sheet or in a specimen box. Fruits and
 
flowers (including staminate and pistillate, if separate) should also
 
be collected. 
Color and odor of flowers are noted and, if possible,

floral visitors collected and stored separately. As the size, shape

and color of fruits may change upon drying, quantitative data,

photographs and spirit collections, of fruits are recommended.
 
Inflorescence bracts should be phctographed and, if large, cut down to
 
size for pressing or direct drying. 
As is the case with other organs,

the color of inflIrescence and bract indumentum can change upon preservation
 
and should be recorded.
 

Finally, field notes or habitat, population density, local names and uses
 
make the specimen of multidisciplinary value.
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APPENDIX II: SENDING PLANT MATERIAL TO A FOREIGN COUNTRY 

All 	 plant materials sent to a foreign country should be inspected and have 
a phytosanitary certificate issued. While inspectors from the Animal
 
and 	Plant Health Inspection Service (APHIS) are located throughout
 
the 	U.S., most experimental shipments (very small quantities) are routed
 
through the USDA Plant Germplasm Quarantine Center located in
 
Beltsville, Maryland. Personnel from both APHIS and the ARS Plant
 
Introduction Office are located at this center. Inspection, treatment,
 
and 	issuance of a phytosanitary certificate is handled by APHIS.
 
Shipment and record keeping is handled by ARS.
 

To issue a phytosanitary certificate, the plant material must be
 
physically present and the shipment must be in full compliance with
 
the 	regulations of the importing country. Compliance is determined
 
by APHIS and any required fumigation or teatments can usually be
 
provided at the quarantine center. Unless a problem in completing the
 
shipment arises, e.g., 
the need for an import permit, most material is
 
forwarded by air mail within one week of its receipt at the quarantine
 
center.
 

Agreeuents have been made with some countries, e.g., Australia, India,
 
Israel, New Zealand, People's Republic of China, South Africa and USSR,
 
that shipments are always sent through designated Plant Introduction or
 
Quarantine Offices. 
 Shipments from the Plant Germplasm Quarantine Center
 
are automatically routed through these offices as required.
 

Shipments may be made through intermediary parties, by diplomatic pouch 
or returned for hand carrying. However, regardless of the mode of
 
transportation, the complete address of the final destination of the
 
material is required to issue a phytosanitary certificate.
 

While all correspondence regarding shipments is handled by the Plant
 
Introduction Office, all plant material must go through the Plant
 
Germplasm Quarantine Center. The offices are separated by several miles
 
and both addresses should be noted:
 

Dr. 	George A. White Plant Germplasm Quarantine Center
 
Plant Introduction Officer Building 320, BARC-East
 
Building 001, Room 322 	 Beltsville, Maryland 20705
 
BARC-West 	 Att: H.R. Hanes
 
Beltsville, MD 20705 	 (301) 344-2048 
(301) 344-3328
 

When sending plant material to be forwarded to a foreign country, the
 
following procedures should be followed:
 

1. 	Address the plant material directly to the Plant Germplasm
 
Quarantine Center.
 

2. 	Enclose with the shipment, two copies of a listing of the
 
material provided and some identification of the shipment (a
 
reference to a request letter, by date, from the Plant
 
Introduction Office; a copy of your transmittal letter or
 
form; a copy of the original request from the foreign scientist).
 
There may be a considerable delay in forwarding if a shipment 
cannot be associated with pertinent correspondence or if 
additional correspondence is required.
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3. Import permits or special shipping instructions provided by

the requestor should accompany the plant material.
 

4. 	A copy of the list of material and a copy of the transmittal
 
or request letter should also be sent to the Plant Introduction
 
Office. Any required correspondence is handled by the Plant
 
Introduction Office and not the quarantine center.
 

As quarantine regulations become increasingly strict, more and more
shipments require import permits. 
 Since it may take several weeks or
 
months to obtain a permit, this should be considered in sending any

perishable items or meeting planting dates.
 

Sources of additional information are given below:
 

1. Import regulations of a certain country for a given crop:
 

USDA, APHIS, PPQ 
Plant Germplasm Quarantine Center 
Building 320, BARC-East 
-Beltsville, Maryland 20705
 
(301) 344-3141
 

2. 	 Status of a given shipment: 

USDA, ARS
 
Plant Germplasm Quarantine Center
 
Building 320, BARC-East
 
Beltsville, Maryland 20705
 

att: H.R. Hanes
 
(301) 344-2048
 

3. Names and addresses of APHIS inspectors in other locations in
 
the U.S.:
 

Export Certification 
USDA, APHIS, PPQ
 
Federal Building, Room 637
 
Hyattsville, MD 20782
 
(301) 436-8537 

Inquiries of any nature may be directed to the Plant Introduction Office.
 
Specific responses may be expedited, however, by direct contact with the
 
above sources.
 

December 21, 1981
 
Prepared by Sharon Kenworthy
 
Plant Introduction Offic
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-APPENDIX III: IMPORTING PLANT MATERIAL INTO THE U.S. FROM A FOREIGN., 
OOUNTRY
 

All plant material entering the United States must be inspected by theZA'mal and Plant Health Inspection Service (APHIS). 
 For most
experimental samples, inspection is done at the Plant Germplasm
Quarantine Center. Beltsville, Maryland. Personnel from both APHIS and
the ARS Plant Introduction Office are 
located at the center.
 

The Plant Introduction Office coordinates the introduction and exchange
of all crops with all countries. Requests for any material should be

addressed to:
 

Dr.. George A. White
 
Plant Introduction Officer
 
Germplasm Resources Laboratory
 
Building 001, Room 322
 
USDA Agricultural Research Center
 
Beltsville, Maryland 20705 USA 
(301) 344-3328
 

Requests should be as 
specific as possible indicating the specific
cultivars or lines of interest, a literature citation, suggested source,
research objectives, whether the material is for propagation or analysis,
or any other known information. The more specific a request can be, the
higher the success rate in obtaining the desired material.
 

When the 
source is known, requests may be made direct. 
It is very
important, however, that the supplier be given very specifc shipping

instructions. 
The following adiress only should appear on the outside
 
of the package: 

USDA Plant Germplasm Quarantine Center 
Building 320, BARC-East 
Beltsville, Maryland 20705 

attn: H.R. Hanes
 

On the inside of the package, the material should be completely identified.
The complete nqgze and address of the sender and the intended recipient
should also be given. 
Copies of the request letter should be sent both to
the Plant Introduction Office and the Plant Germplasm Quarantine Center.
While all plant material is handled at the quarantine center, all
correspondence, documentation, and special arrangements are handled by
the Plant Introduction Office. 
 The Offices are separated by several

miles and both must be alerted to any pending shipments.
 

Note that the quarantine center is geared for very small experimental

quantities. Prior arrangements must be made for large shipments.

International mail or diplomatic pouch are recorw-,elnded. There may be
a considerable delay in receiving air freight shipments. 
 In addition,

all shipments must be prepaid to Beltsville.
 

Mailing labels are available from the Plant Introduction Office to
expediate the shipment of the plant material. 
The address of the Plant
Germplasm Quarantine Center will suffice if labels are not available.
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APPENDIX III (Cont'd)
 

While all plant materials may be received at the Plant Germplasm Quarantine

Center without an import permit, permits must be in order before the
 
material can be released. In the case of quarantine-prohibited budwood,
 
a mailing label with the appropriate permit number is preferred.

Rootstock for such materials must also be available. Advance notice of
 
shipments of all perishable materials is extremely important.
 

Import regulations vary considerably both by crop and country involved.
 
Many crops are prohiLited and require an import permit to receive the
 
material. Some crops are prohibited only from certain countries. In
 
general, the following crops require an import permit: wheat, corn,
 
sorghum, millets, rice, cotton, potatoes, many fruits and several
 
vegetatively propagated materials. 
Qualified individuals may obtain
 
permits to receive some prohibited crops after inspection. Others
 
can be imported only through USDA and grown under quarantine conditions
 
before release.
 

Import permits, as well as information on the import regulations of a given
 
crop from a certain country, may be requested from:
 

Permit Unit
 
USDA, APHIS, PPQ
 
Federal Building, Room 638
 
Hyattsville, Maryland 20782
 
(301) 436-8248 

Hand-carried materials are subject to the same import restrictions.
 
Unless prior arrangement3 are made, restricted hand-carried plant materials
 
must be turned over to the inspector at the port of entry. They should be
 
packaged as if for mailing with the quarantine center as the only

address on the outside. The sender, a complete listing of the contents,
 
and intended recipient should be completely identified inside the
 
package.
 

Questions regarding any aspect of the above procedures may.be directed to
 
the Plant Introduction Office.
 

Prepared February 1982
 
Sharon Kenworthy, Geneticist
 
Plant Introduction Office
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The paper emphasises the need for agroforestry project planners to consider seed supply durink 
feasibility studies and to initiate seed procurement 1-2 years in advance of the nursery phas
if seed is required from other than local sources. Failure to allow ad uawc time for seed 
procurement can place the of a planting program at consideraWbsucm risk. The user car 
afford to pay a high price for good quality seed as the cost is very low in relation to overall 
project costs and economic and social oonsequences of using poor ced can be major and
LMngta. It is recommended dependence external seed Supplies be oithat on reduced 
eliminated at t.d earliest possible opportunity by the establishment of kxal steed production
area& 

Introduction 

In the past 25 years there has bezn an acceleration of tree planting in tropical and subtropical
regions to meet a variety of objectives but principally to provid&raw material for products such 
as paper and wood-basee boards. Eucalypts and piies Flanted as exotics have dominated these 
plmnt i.ions. IniMally use was made of a limited range of exotic species drawn from introduction 
trials which 'werefrequently of an ad hoc nature. Generalisations from inadequate basic data 
resulted in the use of species on sites to which they were not fully adapted and where they 
often failed or grew poorly (FAO 1980). This prompted the establishment of valid introduction 
trials on repres-ntative sites, comprehensive provenance trials and thc selection of optimum seed 
sources. FAO produced a 'k-bal action programme' to make ,,eed available and this was 
implemented through national institutions such s Australia's CSIRO Division of Forest Research 
(eutulypts) and the Upited Kingdom's Commonwealth Forestry Instikute (tropical pines)
(Pamberg 19BOa). The limited funds available were directed principally to species providing 
industrial wood and only minor progress was made in exploring the genetic potential of multi
purpose tree speicie. 

Industrial wood plantations of the 1960s and early 1970s assumed great importance and 
overshadowed the role trees can play in association with agriculture. In this paper agroforestry
implies that trees are combined in space and/or in fime with either farm crops, or domestic 
animal5 or both. The object is to optimise production per unit area and to maintain the principle
of sustained yield (Combe and Budowski 1979). Rural communities in India, Southeast Asia 
and els-wheie have integrated forestry and agricultural practices for centuries but the Peoples'
Republic of China was one of the first countries to recognise officially the complementary nature 
of planting trees and growing food. Chinese agroforestry systems include the "Iour-around' 
plantings of villages, farms, roads and waterways (FAO 1978). and community shelterbelts (Zhu
1981) that have had an immense social impact and contributed greatly to improved rural living 
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standards. In the 1970s there was an :increasing recognition in other developing countries of 
the role forests and trees can play to increase agricultural productivity, improve human welfare, 
alleviate energy problems and conserve the environment. According to an appraisal by the World 
Bank and FAO (1981) the main thrust of forestry ia the next decade will be affore.tation or 
reafforestation with fast growing trees, with special emphasis on fuelwood and planting multi
purpose trees around homesteads, along boundaries, in village woodlots and in uphid 
watersheds. 

It is recognised that ?he situation in agroforestry now almost exactly parallels that of 
industrial forestry 25 years ago (FAO 1980). There are problems in the choice of species and 
provenances. Agroforestry managers have often to choose from a bewildering array of almost 
unknown species. Remarkable success has been achieved with exotic species such as Prosopis 
chilensis/juliflora in several countries, Leucaena leucocephala in the Philippines, Caiiandra 
calothyrsus in Indonesia and Casuarinaequisetifolia in India and China, but with few exceptions 
lack of provenance investigations mean that seed for additional plantations can be specified only 
at the spo.;es level. Few multi-purpose tree species suitable for agroforestry have been explored 
suffici, ntly well to enable the efficient use of their gene resources. Early action to correct this 
has betn recommended (FAO 1977) and some preliminary work instituted (e.g. FAO 1980). 

Donor agencies and national governments have begun to make major financial inputs into 
social forestry programs but there is little evidence that they are treating the question of seed 
supply seriously. To implement a tree planting project in an orderly way requires agreement 
and commitment in several key areas, one of which is the procurement of seed and the 
development of nurseries 1-2 years in advance of the proposed planting date (Evans 1932). 
Many factors determine the choice of species to plant but when the choice is made there remains 
the critical factor of seed procurement. If seed of the optimum species from the best seed source 
is unavailable then the project result will be suboptimum or in the extreme case it may fail 
completely. 

In a summary of the findings of a global survey on plantations of tropical lowland conifers 
it was stated 'Presently large amounts of unselected seed from wild stands, often of poor quality 
and/or unsuitable provenances, are used in plantation programs in the tropics. Selection and 
further breeding is based on populations of inadequate size and unknown genetic composition' 
(Palmberg 1980). Aid programs financed by developed countries frequently ignore considerations 
of seed ch,,..' and supply. Greathouse (1982) has reported that seed was specifically mentioned 
in the implementation documents of only three out of 55 tree planting projects supported by 
US AID between 1978 and 1982. Failure to plan ahead to secure the best seed in the amounts 
required to meet the planting timetable suggests a lack of appreciation of the profound influence 
the seed used can have on the outcome of a planting project. The lack of attention to seed 
sources and the supply of tree seed in forestry projects is remarkable and disappointing when 
one considers the widespread use of improved v3rieties in agriculture and the many tree 
improvement programs in progress. 

This paper draws heavily on Australian experien:ce and is written with the intention of 
increasing the awareness amongst planners and managers that currently a bottleneck exists 
between the stages of species' choice and planting. The bottleneck is the t;mely procurement of 
good quality tree seed with inherent characteristics to meet the stated objectives of agroforestry 
projects. 
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Importance of se.ed quality 

The question of what seed to buy can be resolved by considering the merits of using high quality 
seed. Seed quality is a broad term which embraces seedlot characteristics such as genetic 
constitution, germination percentage, vigour and purity. 

Genetic quality: The genetic constitution of seed can have a major effect on tree growth 
and yield. It is influenced by factors such as geographic origin (provenance), whether seed was 
collected from an indigenous stand or otherwise, the number or trees from which the seed was 
taken, and the degree of selection and breeding of the parent trees. Provenance trials have 
demonstrated conclusively. that large gains in productivity can be made simply by identifying 
and using the seed source most adapted to the planting locality. The magnitude of provenance 
differences is indicated by data for E. camaldulensis in Nigeria where after 5 years the best 
provenance in a trial had a mean annual increment of 17.3 m3 ha- 1 and the poorest 5.1 3m
 
ha - 1 (FAO 1979). Similar data exist elsewhere, for example in the Congo and Brazil where the 
yield of eucalypts has been increased by up to 807b by selection of the best seed sources 
(Chaperon 1978. Brune and Zobel 1981). 

In addition to improved yields due to selection of the optimum provenance, growth per 
generation of 10% for most tree species and 15-25% for some other species can be expected 
from tree breeding programs (C0rlisle and Teich 1978). For pines in southeastern USA increases 
in yields of 2.5-4.0% were sufficient to pay for the cost of improved seed (Davis 1967). Added 
to the direct returns from higher yields are other non-quantifiable benefits, such as hardiness, 
and resistance to pests and diseases, which may be conferred by selected seed. 

Data on genetic variation are still scarce for many multi-purpose tree species and research 
to identify optimum seed sources is an urgent matter. In this situation the purchaser may have 
to resort to informed guesses to select the source of the seed or should use several seed sources 
to spread the risk of failure. Occasionally the purchaser can have some aspects of the genetic 
quality of a seedlot certified by a scheme such as the OECD Scheme for Forest Reproductive 
Material moving in International Trade (OECD 1974). More often reliance must be placed on 
the honesty of the seed supplier and the user should seek whatever assurances he can regarding 
genetic quality. Buying from a supplier with a good reputation rather than the one who offers 
the lowest quotation is u sound policy. 

It has long been understood that different tree species have different site requirements, 
growth rates and economic potentials but the extent of genetic variability within species has 
been less well appreciated. Agriculturalists are used to planting highly-bred seed with little 
variation and administrators frequently have no conception of the magnitude of intraspecific 
variation and regard seed of a species as a fixed, invariable commodity. Professional foresters 
have no excuse for ignoring the comprehensive literature on the subject. 

Ev;dence is overwhelming that substantial economic gains can accrue simply by using seed 
of the best provenance and that further gains are possible from selection and breeding. Under 
these circumstances failure to purchase seed of the best genetic quality available for a project is 
indefensible. 
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Physical and physiological quality: A nurseryman has to know how much seed of a 
particular seedlot must be sown to Froduce a predetermined number of plantable seedlings.
Determination of the amount of seed required depends on germination percentage, number of 
seeds per kg and the estimated level of recovery of seedlings of that species in the nursery. Of 
these factors, the only one controlled directly by the nurseryman is the level of seedling recovery. 
This varies between species and between nurseries but is commonly about 70% for conifers 
and 25-30% for eucalypts. Knowledge of the quality of seed to be used in a tree nursery is 
therefore essential. 

Seed purchased without adequate test data leads to sowing without carefully calculated 
sowing rates, a practice regarded as 'archaic and wasteful' by Tinus and McDonald (1979).
Information on the percentage of seed germinating normally in a seedlot is particularly important
if direct sowing into containers is planned. A low percentage will result in empty pots and 
direct sowing in containers is not recommended unless the germination is at least 50%, and 
preferably over 70%. The requirement for seed with a reliable high germination percentage is 
the principal factor influencing the introduction of direct seeding into containers with a precision 
seeder compared to the more costly broadcast sowing and pricking out (Denison 1979). The 
other critical parameter for the nurseryman is the number of seeds per unit weight so that 
numbers of viable seeds per kg can be calculated. Tables showing the average number of seeds 
per kg for many species are available but the actual number can vary widely between seedlots 
depending on the time of collection and the geographic origin of the species. Eucalyptus cloeziana 
seeds collected in the moist coastal forests of Queensland average 100 000-400 COO viable 
seeds/kg whereas seeds from the dry inland woodlands are much larger and seedlots contain 
only about 35 000-65 000 seeds/kg. Seed tests on over 400 seedlots of E. camaldulensis show 
the number of viable seeds per kg to be 670 000±465 000 (mean ± one standard deviation) 
(Boland et al. 1980). This level of within-species variation is common for other species and 
genera (Schopmeyer 1974). 

A review of Australian and international tree seed suppliers showed that the majority offer 
inadequate seed test data. Germination percentage figures are sometimes quoted but these are 
of little relevance unless the number of seeds per unit weight of the seedlot is also provided. 
Some suppliers quote an average number of seeds or viable seeds per kg for an individual species
but few offer to provide actual seed counts and germination data. Other suppliers, such as the 
Forestry Commission of New South Wales, Australia, will test seedlots at an additional cost to 
thL purchaser and payment of this small extra charge is very worthwhile when the quantity of 
seed purchased is substantial. For eucalypts and other Australian species the CSIRO Tree Seed 
Centre provides individual seedlot figures for the number of viable seeds per unit weight based 
on standard laboratory tests so that after adjustment for nursery recovery rate the amount of 
seed required to produce a given number of plantable seedlings can be estimated accurately. 

Purchasers should insist that reliable and relevant seed test data, preferably of an 
international standard such as ISTA certification, be available prior to purchase. They should 
be prepared to pay for the information as the additional cost can be amply recouped by savings 
in the amount of seed purchased and improved nursery practices. If data cannot be provided 
the order should be placed elsewhere. Carter (1979) stated 'the inability of some suppliers to 
furnish relevant seed data is disgraceful, in view of the rising cost of seed and, as prices rise, 
may force a user to pay more and more for unquantified seed without nursery performance 
guarantees because the necessary data are not available or are withheld fo dubious reasons'. 
Carter suggested that both suppliers and users would be protected if seed transactions based on 



a fixed rate per kg were discontinued and sales based on an index to quantify the potential 

nursery yield of a given seedlot. A similar practical proposal is that the unit of a sedlot sale 

should be '1000 normal germinants' (Hodgson 1981). With this figure available the nurseryman 

would only have to take his nursery recovery factor into account when calculating his seed 

requirements. 

Reliable seed testing procedures and availability of the results prior to the sale will lead to 

less wastage of seed, more realistic prices and greater nursery efficiency. However the subsequent 

performance of the seedlings will remain largely determined by 	the genetic quality of the seed. 

Cost of tree seed 

Advertised prices for tree seed vary greatly between species and there can also be major 

price differences between seedlots of the same species. Routine seed collections of Eucalyptus 

terericornisare available in India for $6* per kg whereas the frost-hardy Tasmanian eucalypt, 

E. gunnii, which is planted as an ornamenta! garden tree in Europe can be priced as high as 

$900 per kg. Many factors detcrmine seed prices, most are related to collection and processing 

costs but supply and demand factors can result in artificially high or low prices. The cheapest 

seed 	 is usually collected from plantations during logging operations in regions where labour 
from Africa is collected in thiscosts are low. The large quantity of E. grandis seed exported 

way ,ad is much cheaper than E. grandis seed collectcd by highly paid labour from the natural 

forests in Australia. Special provenance collections are often more than double the price of routine 

seed collections as they may involve specialist staff travelling long distances and collecting from 

standing trees. The situation is complex and can be illustrated by reference to the price of 

Eucalyptus camaldulensis seed from different suppliers and sources (Table 1). 

When demand for seed exceeds supply the price is forced up. Problems in supply arise 

when substantial quantities of seed of newly recognised species or particular superior seed sources 

are required and the only source is the natural stand in the country of origin. This has occurred 

in Honduras where the Siguatepeque seed bank, operated by the Corporacion Hondurena de 

Desarollo Forestal (COHDEFOR), reports that the demand for seed of P. caribaecaand P. oocarpa 

exceeds the supply and there has been a consequent price increase (Zerbe et al. 1980). There 

are similar examples of demand exceeding supply for several Australian tree species including 

E dunnii (a fast growing spec.ies with an extremely restricted area of natural occurrence) and 

E- camaldulensisof Petford origin (one of the most productive and adaptable seed sources but 

the remoteness of the natural stand resulted in insufficient initial seed collections being made). 

Acacia mangium has recently been identified as a promising species for planting on poor sites 

dominated by Imperata grass in the humid tropics but seed is not yet available in large quantities 

the current difficulties of seed collection anddue to the remoteness of the natural stands and 
mangium seed from natural forests increased from $100 to $330 perextraction. The price of A. 

kg between 1979 and 1983 when demand exceeded supply. Some arid zone acacias present 

species there is extensive destruction of thedifficulties due to irregular seed crops and in some 

insects. Similar supply problems are likely to occur at least initially for other multiseed by 
purpose tree species identified in trials. In the longer term, the higher prices usually have the 

effect of improving the availability of seed as it becomes a more attractive commercial proposition 

and warrants greater efforts to improve the stpply. 

All currency figures in this paper are in American dollars. 
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The cost of seed of multi-purpose trees which have already been widely planted, such asmany eucalypt species, Casuarina equisetifolia and some Acacia species, will remain fairly stableas there are abundant supplies. However, less widely planted species and newly identified speciesof value in agroforestry projects will have relatively high prices. Researchers testing new speciesof multi-purpose tree species must be prepared to pay high prices for small quantities of seedcollected from natural forests and supplied with full documentation. 

Table 1. The price of Eucalyptus camaldulensis seed from different suppliers and sources 

Supplier and origin Price/kg (USS) 

Australian commercial seed companies and State -forest services(a) routine collections from-natural forests mainly in temperate regions $50-I 10(b) special provenance collections in natural forests, usually from standing

trees, higher prices are for collections in the more remote tropical
regions 

$145-300 
Australian CSIRO Tree Seed Centre 

Seed of research quality from identified provenances with detailed

collection information available and germination test data provided. Higher
prices are for tropical provenances in remote localities 
 S300-500 

Government forest services outside Australia
Seed collected from felled trees in exotic plantations. Origin in Australiausually not known. Price given is for routine collections in Tanzania $20 

International private seed companies

Origin of seed not advertised but higher prices if from natural stands. Most
seed from exotic plantations 


$45-70 

Cost of seed in relation to project costs 

There is a prevailing policy within many Government organisations and private companies inboth developed and developing countries that tree seed should be purchased from 1he cheapestsource. Considerations of seed quality clearly show that this can be false economy. The problemmay lie with the project manager who has an insufficient appreciation of the value of' using an
optimum seed source and who therefore writes an inadequate specification, or with the purchasing

officer who considers seed an invariable commodity and 
so buys the cheapest available, or itmay be that unrealistic estimates have been made of seed costs when planning the project, or
simply that the country's foreign currency regulations limit the amount that can be spent on
importing seed. Whatever the reason it is instructive to relate the cost of seed purchase to the

total cost of a planting project and consider the implications.
 

The cost of seed in a plantation project is extremely small in relation to other costs. ForEucalyptus and Pinus species the cost is usually less thai 1% of direct plantation costs even less when related to the overall costs of a 
and 

project. One kg of E. camaldulensis seed, ofaverage viability and nursery recovery, yields sufficient seedlings to plant 65 ha (2 X 2 mspacing) or 150 ha (3 X 3 m spacing). The cost for seed per ha is $4.60 for close spacing and$2.00 for the wider spacing if a superior, source-identified Australian seedlot costing $300 perkg is used. Most eucalypt plantations cost $300-600 per ha to establish and maintain to year3, excluding the cost of land (FAO 1979) so that the seed cost will rarely exceed 1.5% of thedirect establishment costs. Greathouse (1982) has provided costings for a US AID. project in 
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Panama using seed of Pinus caribaeaand Tectona grandis.The purchase price of the pine seed 
was $150 per kg and the teak seed $110 (imported). For the pine the seed cost was only 0.9% 
of the reforestation cost and 0.4% of the total project cost. For the large-seeded teak comparable
costs were 3.9% of the reforestation cost and 1.7% of the total project cost. 

These examples show that seed costs are negligible compared to establishment and overall
project costs. On the other hand if seedlings from a superior seed source grow faster there may
be significant savings in establishment ccsts, such as weeding, the rotation may be shortened 
and the yield increased. In agroforestry projects increased yields per unit area can result in 
more land being used to produce agricultural products. The argument for using optimum seed 
sources extends beyond economics. If villagers or farmers are given seedlings which fail or grow
poorly due to poor seed quality lasting harm can be done. The people lose confidence in the 
foresters, extension officers and others who have sought to convince them of the value of trees.
They may then reject the concept of tree growing in association with agriculture and return to 
the exploitive gathering of wood from natural forests with long-term deleterious results. 

In agroforestry projects, as in short rotation industrial plantations, it is highly probable
that the following tree crop will be raised from seed from the original introduction or will be a
coppice crop whose performance will depend directly on the genetic quality of original stock.
Any genetic deficiencies in the initial seedlot will then be perpetuated in the subsequent rotations. 
This reinforces the argument that savings in the purchase price of tree seed at the expense of 
genetic quality can have major and long term negative consequences. 

The demand for tree seed 

An acceleration in the planting of both industrial and non-industrial forests during the remainder 
of the 20th century is forecast. In the tropics an annual planting rate of I 'R00 000 ha of industrial
plantations and 520 000 ha of non-industrial (fuelwood, domestic products, protection) forests 
between 1981-85 is predicted (Lanly 1982). The need for an additional 50 million ha of non
industrial plantations, chiefly for fuelwood, has been emphasised by Palmberg (1981b); China 
will plant 1-2 million ha annually to meet established targets for industrial and domestic wood 
(Turnbull 1982) and continuation of the annual plantation rate of over 400 000 ha in Brazil 
(Simoes 1980) seems likely. 

For industrial plantitfons',Pinus caribacaplanting is exp,cted to be 90 000 ha by the mid
1980's (Palmberg 1980) and require i tonnes of seed (Bell 1979). Current annual planting 
programs in Brazil consume close to 16 tonnes of eucalypt seed and globally more than 25 
tonnes could be used. Most of the seed for industrial plantations will come from existing planted
forests in the countries requiring the seed or could be imported from countries that have a
surplus of seed from plantations, for example Pinus caribaea (Fiji) and Eucalyptusgrandis (South
Africa, Zimbabwe). Large quantities of seed will be required for non-industrial plantings, but 
as the choice of species remains uncertain it is difficult to predict the amounts required of a 
particular species. 

In recent years there has been greater interest in testing multi-purpose tree species or species
with particular attributes which make them attractive for agroforestry. The amount of seed 
required for this research is relatively small but there is a vast array of potentially useful species
which require screening. The National Academy of Sciences lists about 700 species out of over 
1200 nominated as potentially important fuelwood sources in developing countries (NAS 1980). 

/ 



Most of these species have received little attention previously~so that there are no established 
source of seed supply and often the flowering and seeding habits of the species are little known. 

Australia has treesmany with characteristics which indicate they could make excellent
multi-purpose trees when grown in association with agriculture. The acacias and casuarinas are 
nitrogen-fixing species that can tolerate infertile sites and produce a range of wood products,
firewood, tannins, honey etc. The number of Australian species in the three genera, Acacia,
Casuarinaand Eucalyptus exceeds 1300 and there are other species in genera such as Melaleuca 
and Grevillea (Boland and Turnbull 1982). It can be readily appreciated that there will be
considerable difficulty in meeting demands for seed of many of these species in the short term 
despite relatively well-organised seed collection activity in Australia. It is necessary for agencies
which promote the planting of multi-purpose :ree species through publicaticns and the 
sponsorship of meetings to have an equal commitment to support seed collection activities to 
satisfy the demand they generate. 

Seed Supply 

Importing tree seed can be a frastrating exercise, for example the experience of Malaysia
importing seed for pine plantations has been 'that overseas seed supply is costly, irregular, often 
inadequate in quantity and unpredictable in quality. The quarantine and administrative delays
substantially reduce the viability of the seeds on arrival at the nurseries' (Sheikh Ali Abod 1982).
To mirimise some of these problems it is necessary to have long-range planning so that seed 
procurement procedures can begin well in advance of the proposed sowing date. This is especially
important when the seed is to obtained from external sov":es. 

Commercial seed collectors or seed centres can often arrange to make special seed collections 
for a project if given at least 12 months advance notice of the requirement. Long term planning
of seed procurement permits greater flexibility in the choice of a reliable and economical source
of supply. Too frequently project managers and researchers have given the matter of seed supply
inadequate consideration: they expect their requirements to be available from existing stocks,
and often have to be satisfied with insufficient quantities of seed. An example of sensible forward 
planning occurred in a recent proposed Australia-India bilateral aid project when the Australian 
Development Assistance Bureau let a contract for the supply of tree seed for research two years
in advance of the expected start of the nursery program. This gave time for special collections 
to be organised to obtain a comprehensive range of species and provenances which were tested 
for quality and held in storage until required. 

The supply of seed poses problems for both the user and the collector. Chang (1981) has 
described the problems encountered in attempting to assemble seed of a range of fast growing
tropical tree species for research in Central America. A circular letter explaining the research
project and requesting assistance with seed supply was sent to forestry authorities in 54 countries. 
In this way up to 20 requests were made for seed of a single species. The response to the letter 
was poor: 60% of addressees did not reply; 10% indicated they could not assist; 10% could
supply seeds only in the following collecting season; 20% sent seeds to the project but 30% of
these lots failed to germinate. Obtaining seed in this manner takes time and patience, and depends 
very much on the goodwill of the donor. For projects requiring many species from different 
sources the procurement time can easily extend to two or more years. 



The experience of the CSIRO Tree Seed Centre is that a bank of seed of a quality suitable
for research is not assembled easily or cheaply, facts not always appreciated by researchers 
making seed collections by mail. The natural occurrences of species are often remote from the 
collector's base and in unpopulated areas where it is difficult to obtain preliminary information 
about seed crops or to arrange collections by local residents. Seeding habits are unknown for 
some species and may be greatly influenced by a variable climate. Seeds arc often attacked by
insects or eaten by birds before collection or may be dispersed from the tree as soon as they
reacl, maturity. For some species seed collection teams must travel thousands of kilometres over
difficult terrain, they cost thousands of dollars to support in the field and may collect only
small quantities of low quality seed. A current attempt to assemble such a collection of Acacia 
aneura provenances from the arid zones of Australia has been frustrated by the very erratic 
seeding of this species in different partr, of its extensive natural range. Collections ofrA. aneura 
have already extended over four years and will cost an estimated $30 000 in operating costs by
the time they are completed. Other tree seed centres have comparable problems and their inability
to satisfy in full requests for large numbers of species and provenances is in no way a failure 
to appreciate the merits of the requests. Those collecting seeds by mail must be conscious of 
these difficulties and not place their expectations unrealistically high. 

Seed buyers should be aware that many iree species exhibit periodicity in their seed crops
with heavy crops often being several years apart. For such species it is in the buyer's interest 
to purchase seed during a good seed year and arrange to store it under suitable r.onditions to 
cover intervening years of poor supply. The seeds of most tree species can be stored without 
difficulty for more than one year with minimal storage facilities. 

Seed Suppliers 

Many forestry and agroforestry projects use exotic trees for which there is no local source of 
supply and arrangements have to be made to import seeds. The source of sup:ply chosen depends
to u large extent on the quantity of seed required, the use to which it will be put and the 
funds available. Large quantities of seed of individual species for use in routine plantings are 
usually obtained from commercial seed suppliers whereas small quantities of seed for purposes
such as research are best obtained from more specialised agencies. 

Commercial seed companies mainiy stock seed of better-known species with a proven
demand so that they can rarely supply seeds for agroforestry research. In addition there is strong
evidence that commercial seed collectors and their agents do not pay adequate attention to 
identification, intraspecific variation and documentation of collection site details which soare 
important for research material. This situation is not helped by the lack of formal tree seed 
certification schemes in most tropical countries. The requests for research seted are therefore 
usually directed towards government forest services or national tree seed centres which serve 
as a focal point for activities related to forest genetic resources. 

Government forest services have frequently difficulty justifying allocation of their limited 
resources to provide a seed service for foreign governments and companies but the establishment 
of tree seed centrs has assisted greatly the procurement of seeds for international research 
purposes. Such bodies have been set up in recent years in countries such as Chile, Colombia,
Guatemala, Honduras, India and Iran (Palmberg 1981a), and regional seed centres are operating
in Costa Rica (Latin American Seed Bank) and Thailand (ASEAN Forest Tree Seed Centre).
Most of the national seed centres are relatively small and have limited funds. Some are partially 
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supported by bilateral or international donor agencies but the number of seed centres and the 
level of financial support from governments and donor agencies will have to rise substantially
if the ever-growing demands for seed of multi-purpost tree species are to be satisfied. 

Commercial seed suppliers: The tree seed trade is made up of large or small private
companies and government agencies. Most of these organisations prefer to deal in bulk seed so
that some require the purchase of a minimum quantity or have a minimum value for each order. 
The commercial suppliers can usually specify the origin of the seed they supply although the
reliability and detail of this information often depends on whether the supplier is also the collector 
or mere the broker. In transactions with dealers the purchaser needs to protect himself by
ensuring that he gives an accurate specification for the seed required and confirming that the 
dealer is in a position to meet the specification before the purchase agrement is concluded. 
Specifications will vary according to needs but should cover aspects such whether the seedas 
is to come from natural stands or plantations, the provenance or region of provenance and the 
degree of selection of parent trees required, the amount of seed origin detail to accompany the
seed, and the provision of a germination test certificate or similar guarantee of seed viability.
When buying Eucalyptus or Acacia seeds from Australian suppliers it should not be assumed 
that the seed will have been collected from natural stands in Australia as seed from exotic
plantations is now common in the tree seed trade. The necessity to nominate the provenance
required for species with high genetic variability cannot be over-stressed. For example, when 
purchasing seed of Eucalyptus camaldulensis for use in a tropical environment a tropical seed 
source from northern Australia must be specified otherwise a cheaper and much less productive
temperate seed source is likely to be supplied. The majority of seed dealers do not have their 
own seed testing facilities but many can arrange for test certificates to be issued by official 
seed testing stations of the International Seed Testing Association. 

It is highly probable that the failure of seed purchasers to insist on good quality seed with
adequate documentation has resulted in the lack of attention to these aspects by many tree 
seed deale.-s. Dealers who have maintained good quality stocks of seed at marginally higher
prices than their competitors have often failed to make sales due to the purchaser buying the
cheapest seed available. Action in Europe to restrict imports of uncertified seed from western
USA and Canada was one of the main reasons for the acceptance of seed certification schemes 
in those countries. 

A world-wide listinrg of tree seed suppliers is not available but private companies which
deal primarily in tree rnd shrub seeds exist in a number of countries. A selection of these is
listed in Appndix 1. The most comprehensive source of information on tree seed availability is 
the 'Forest Tree Seed Directory' (FAO 1975) prepared on the basis of a 1973 survey. The
directory does not list individual suppliers but for each country gives the name and address of 
a National Seed Coordinating Centre (NSCC) which can provide more detailed information on
local suppliers. Species are listed in the directory together with the countries that indicated they 
were potential seed suppliers. Although this publication is a very useful starting point in finding
a seed supplier its value is limited by the information now being ten years old. Some addresses 
are out of date and many species of interest to agroforestry projects are not listed. The NSCC
in some countries publishes a list of local seed suppliers, -xamples are 'Seed and Planting Stock 
Dealers' (USPA 1979) and 'Australian Suppliers of Tree Seed' (CSIRO 1983). The Nitrogen
Fixing Tree Association has prepared a resource document listing suppliers of trees that fix 
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nitrogen. Many of these species are used in agroforestry projects and the list should assist in 
seed procurement. 

Research seed suppliers: Research projects require small quantities of seed of guaranteed
authenticity accompanied by accurate details of locality of collection, environmental conditions 
at the collection site and genetic history. Seed is best soughtof this quality from specialised
agencies such as designated tree seed centres, universities, research institutes ar.J research sections 
of national forest services. Addresses of appropriate research workers or institutions can be 
obtained by reference to the 'IUFRO World Directory of Forest Geneticists and Tree Breeders' 
(Nienstaedt 1978), from publications such as the FAO Forest Genetic Resources information, 
or in lists of research contacts which appear in relevant books published by the U.S. National 
Academy of Sciences. 

Small amounts of seed for research can often be obtained free of charge on an exchange
basis. When investigators are forced to collect seeds by mail they may feel that they cannot 
impose too many restrictions on the supplier, but they may obtain far more than expected if 
they: 

a) explain the purpose for which the seed is required, describe the environment of the 
proposed planting site if appropriate and offer feedback of results; 

b) list any special requirements e.g. particular provenances or if the seed is be keptto 
separately from individual mother trees etc., and provide data sheets showing the kind 
of information and details needed; 

c) state the minimum amount of seed or seedlings needed and give the latest date by which 
the seed must arrive allowing for delays in quarantine and customs; 

d) 	offer to pay a reasonable price for the seed or to cover the costs of handling and postage 
if seed is provided free of charge; 

e) provide import permits and the exact address to which the seeds are to be consigned; 

f) acknowledge promptly any seed and/or assistance received; 

g)advise the potential supplier of similar approaches to other individuals or agencies and 
to seek his advice on alternative suppliers if he cannot assist. This takes little time but 
can often prevent frustrating duplication of effort on the part of the suppliers. 

Some tree seed centres have agreements with donor aid agencies to cover the cost of 
providing seeds in limited quantities to developing countries for bonafide projects. The CSIRO 
Tree Seed Centre can send Australian tree seeds free of charge to countries of Oceania, southeast 
Asia, the Indian subcontinent and some African nations under an agreement with the Australian 
Development Assistance Bureau. Where such arrangements are not in operation it is usually 
necessary for tree seed centres to make a reasonable charge for the supply of seed for research. 
The charge is usually related to the cost involved in collecting the seed but is frequently 
considerably less than the real cost of collection. 
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Seed collection missions 

The collection of seed by mail is often very unsatisfactory, especially when the seed is to be 
used in research projects. Seeds collected by seed centres or research institutes cannot always 
satisfy the specifications for a particular project or series of projects. Under these circumstances 
a special expedition to collect the seeds may be justified. 

Seed collections are expensive, need detailed planning and full cooperation with an individual 
or institution in the proposed collecting area. The cost of travel, equipment and maintenance 
of a team from overseas undertaking comprehensive seed collections in Australia for a year 
could be close to $100 000. A recent short term collection of Acacia mangium from remote 
areas of northern Australia by an overseas private company was estima!ed to have cost over 
$1000 for every kg of seed collected. The costs should be weighed against the many potential 
benefits of this type of operation. The researcher can collect sufficient seed to satisfy fully the 
objectives of the project, ensure correct sampling procedures are followed, and make sure full 
documentation of site conditions, ecology and tree descriptions is obtained. In addition he gains
valuable insights into the ecology of the species, often observes other species of value to his 
project, and makes contacts for any follow up collections or cooperative research. 

In Australia the systematic collection of tree seed for research is an immense task in its 
demands on the time of skilled staff, as well as financial resources. For this reason overseas 
foresters have been encouraged to visit Australia to collect their own seeds and it is the policy 
of the CSIRO Tree Seed Centre to assist these collections (Turnbull and Doran 1980). In return 
for local assistance it is usual for the collector to donate a sample of all his seedlots to the 
seed centre for distribution elsewhere. An example of such cooperation is the year-long seed 
collection mission of the Centre Technique Forestier Tropical (France) in 1973 to collect tree 
and shrub seeds from tropical Australia for use in re-search programs in Africa, South America 
and elsewhere. This mission obtained more than 1500 different seedlots of a wide range of species 
some which have given excellent results and have formed the basis for seed production areas 
and new planting programs. A similar project by the Zimbabwe go-,ernment began in 1982 and 
there are prospects for a Brazilian seed collection mission in 1983. Private companies have also 
recognised the value of collecting their seeds and inown recent years Australian eucalypts and 
acacias have been sampled by teams from Brazil, Sweden and the United States. 

Outside Australia, the collection of northwestern American conifer seed by IUFRO in 
cooperation with the United States and Canadian Forest Services, Danish collections of Tectona 
grandis and Gmelina arborca in Asia, and collections of Pinus radiata and P. muricata by 
Australia with international support are examples of cooperative seed collections which have 
been highly beneficial to researchers. Very few developing countries have the resources to 
undertake seed collection outside their own borders but assistance of such projects by 
international or bilateral aid organisations can be a very effective use of international aid funds. 
The collection of tree seeds in Australia in 1982-83 by the Zimbabwe forest service using 
Australian funds indicates that some aid agencies are becoming aware of the value of this activity. 

Local seed production 

Numerous problems arise in attempting to sustain a regular planting program based on imported 
seed and the obvious solution is to develop local seed production areas at the earliest possible 
opportunity. The most important gains from the management of seed production areas of exotic 



species are that a regular and reliable supply of seed of known quality can be secured and the user has some influence over production costs. In addition, the opportunity for subsequent geneticimprovement can follow a well-planned program for self-sufficiency in local seed (Eldridge 1978).These are very good reasons for a developing country to aim to be self-sufficient in tree seedsupplies of the principal species planted. Until local seed production areas start to produce seed any imported seed should be obtained from the best available sources, not the cheapest sources. 
An example of the successful development of local seed production areas comes from Brazilwhere Champion Papel c Celulosa S.A. planted EucalypAs grandis (Cofs Harbour provenance)

in 1969. This company's 100 ha of seed stands yield annually over 1000 kg of seed. The seeds are much sotght after as they are demonstrably superior to alternative commercial seed sourcesin Brazil (Boland et al. 1980). International action by FAO and UNEP has inresulted
estsblishment of 'conservation/selec ion' stands of important individual provenances of E.eamaldulensisand F tereticornis each 10 ha in area (Palmberg 1981b). These stands will formvaluable seed production areas in the countries where they are established and could serve as 
models for other species. 

The procurement of seed in 'semi-bulk' quantities for the establishment of seed productionareas or pilot plantations (up to 500 ha) is sometimes problematical. Recognising this some seed
centres now aim to make available larger quantities of seed of provenances already identified as of high potential for planting and with a wider genetic base than that needed for species
elimination trials or provenance research. 

Conclusions 

The demand fcr seed of woody species for agroforestry is expected to rise as many projected
programs are implemented. Project planners must consider seed supply during feasibiiity studiesand if seed is required from other than local sources seed procurement should be initiated atleast 1-2 years in advance of the nursery phase. to allow time for seedFailure adequate
procurement can place the success of a planting program at considerable risk. The purchaser
should seek seed of the best possible genetic quality and insist on adequate information ongermination and seed origin from the supplier before buying. High quality seed may be expensive
but the user can afford to pay a high price for it as costthe of seed in relation to overall
project costs is very low Arfd the consequences of using poor seed can be major and long term.
 

International donor agencies and governments must recognise that seed supply is crucialti the success of the tree planting projects they support. Contributions to further the activitiesof tree seed centres and sponsorship of special seed collection expeditions are legitimate and 
productive uses of their funds. 

Dependence by users on external seed supplies ought to be reduced or eliminated at theearliest possible opportunity by the establishment of local sed production areas. Self-sufficiency
in seed supply helps stabilise planting programs and in developing countries can save valuable 
foreign exchange. 

,'
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Appendix I 

Addresses of Suppieia of Sted for Agroforestry Projects
 
The following organisations will sell 
or exchange seeds or species used commonly in agroforestryprojects in the tropics. Genera handled by each organisation are listed after the address. It is recognisedthat this list does not include all potential suppliers or all the genera each ,rganisation can supply. 

(a) Government-based suppliers Forest Research Institute 

ASIA AND AUSTRALIA PESHAWAR, N.W.F.P.
 
PAKISTAN
 

Tree S.ed Centre 
 [Acacia, Pinus, Prosopis,Sesbania]
CSIRO Division of Forest Research
 
P 0 Box 4008 
 Office of Forests
 
CANBERRA 2600, AUSTRALIA 
 P 0 Box 5055 
[Acacia, Casuarina, Eucalyptus, 4felaleuca] BOROKO 

PAPUA NEW GUINEA
The Arboretum [Acacia, Araucaria,Casuarina,Eucalyptus]Chinese Academy of ForestryWan Shou ShanF Forest Reseach Institute o e t R s a h In i u eWan 10009ShanCollege, 

LAGUNABEIJING, 3720 
PEOP'ES REPUBLIC

100091PHLPIE 
OF CHINA 
 PHILIPPINES
(Acacia, Gmelina, Paulownia, Pinus, Populus, [Casuarina, Derris, Gliricidia, Pinus, Syzygiun,urmus] Trema] 

Forest Research Institute Royal Forest Department
P 0 New Forest Bangkhen
DEHRA DUN, U.P. BANGKOK 9
 
INDIA 
 THAILAND 
[Acacia, Albkia, Alnus, Cassia, Dalbergia, [Gmelina, Pinus, Tectona)

Gmelina, Pinus, Prosopis, Sesbania, Trema] AFRICA 

Perum Perhutani
 
Forest State Corporation 
 Forest Departm ntJalen Jendral Gatut Subrota 0 KBox 74
P O Box IlIJAKARTA KIKUYU

KENYAINDONESIA 
[Acacia, Albizia, Bauhinia, Erythrina.Eucalyptus,

[Calliandra,Leucaena] Grnillea, Pinus] 

National Seed Coordinating Centre Forest Research Institute of Malawi
c/- Forest Research Institute P 0 Box 270
 
I Matsunosato 
 ZOMBA 
Kukizaki-mura MALAWI 
Inashiki-gun, Ibaragi-ken
JAPAN [Colophospermum, Grmelina, Maesopsis, Pinus] 
JAiPA a Federal Department of Forest Research[Alnus, Paulownia, Pin is, Prunus] P.M.B. 5054 

Forest Research Institute IBADAN 
KEPONG, Selangor NIGERIA 
MALAYSIA [Acacia, Acrocarpus, Azadirachia, Gmelina,[Anthocephalus, Cassia, Casuarinal Maesopsis, Terminalia] 
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Forestry Research Institute The Seed Unit

P 0 Box 727 
 FAO Plant Production and Protection Division 
PRETORIA 0001 Via delle Terme di Caracalla 
SOUTH AFRICA 00100 ROME
 
(Acacia, Eucalyptus] ITALY
 

[Prosopistamarugo)
Service des Eaux, Forets et Chasses
 
Parc Forestier de Hann Instituto Sperimentale par Is Selvicultura
 
B.P. 1831 1-52100 AREZZO
 
DAKAR 
 ITALY 
SENEGAL [Mediterranean conifers, Abies, PAus, Cuprasus] 

Arid Zone Forestry Research Commonwealth Forestry Institute
 
Forestry Research Institute South Parks Road
 
P 0 Box 658 
 OXFORD OXI-3RB 
KHARTOUM UNITED KINGDOM 
SUDAN (Mainly Central American spe.ies, Acacia,
[Acacia, Prosopis] Albizia, Enterolobium, Gliridla, Leucmena, 

Mimosa, Pithecellobium, Parkinsonia, Pinus,Forest Division Prosopis] 
Silviculture Research Insttute 
P 0 Box 95 SOUTH AND CENTRAL AMERICA 
LUSHOTO
 
TANZANIA 
 Forest Seeds Centre
 
[Acacia, Cassia, Cupressus, Eucalyptus, Greiillea, National Forestry Corporation


Pin us, Terminalia] Constitucion 291, CaWIlla 5 
CHILLAN

National Forest Research Institute CHILE
 
Route de la Souka 
 [Acacia, Caesalpinic,Geoffroe, Prosapis] 
B.P. 2
 
ARIANA 
 Banco Nacional de Semillas
TUNISIA Institute for the Development of Renewable 
[Acacia, Pinus, Populus] Resources 

Avenida Caracas Nr. 25A66Forest Restarch Centre BOGOTA
 
P 0 Box HO 595 COLOMBIA
 
Highlands 
 [Alnus] 
HARARE
 
ZIMBABWE 
 Centro Intemzncional de Agricultura Tropical

[Eucalyptus, Pinus] Apartado Aereo 6713
 

CALl
EUROPE COLOMBIA 

[Leucaena]
Danida Forest Seed Centre 
Krogerupvej 3A Latin American Ijorest Seed Bank
DK 3050 HUMLEBAEK Centro Agronomica Tropical de Investigacion y
DENMARK Ensenanza (CATIE)
[Indian and S.E. Asian species, Gmelina, Pinus, TURRIALBA
 

Tectona, Central American conifers] COSTA RICA
 
[AMnus, Cassia, Eocalyprus, Glirlcidia, Grellka,

Centre Technique Forestier Tropical Guazuma, Terminalla and other central 
45 bis Avenue de la Belie Gabrielle American native species] 
F-94130 
NOGENT-SUR-MARNE 
FRANCE 
[African and Australasian species] 



Banco de Semillas 
Centro de Investigaciones ForestalesCal!e 174 No. 1723/17B, 17C 

Siboney, Marianao 

HABANA 

CUBA
[Pinus] 

Banco de Semillas ForestalesInstituto Nacional Forestal' 

7a Avda. 7-00, Zona 13

GUATEMALA CITY 

GUATEMALA 


Banco de Semillas Forestales 
Escuela Nacional de Ciencias Forestales 
Aptdo. 2SIGUATEPEQUE, Comayagua

HONDURAS 

Centro de Germoplasma Forestal 


Jnstituto de Investigaciones Forestal 

Av. Progreso,

COYOACAN 21, D.F. 
MEXICO 
[Alnus, Parkinsonia, inus,Prosopis] 

Instituto Nacional Recursos Bioicos 
XALOPA, Vera Cruz 

MEXICO

[Acacia, Erythrina, Inga, Leucaena] 

Banco Nacional de Semihlas Forestales
Servicio Forestal y de Caza 

Natalio Sanchez 220 -Jesus Maria
LIMA 

PERUP 

[Acacia, Caesalpinia, Jacaranda, Prosopis,

T7puana] 

Instituto Forestal Latino-Americano 

Apartado 36 

MERIDA 

VENEZUELA 


[Alnus, Pithecellobium]D 

NORTH AMERICA 

U.S. Forest Tree Seed Center 
P 0 Box 819 
MACON, Georgia 31298 
U.S.A. 
1-linus, Froxinus, Juglans, Paulownia, Pinus.

Prunus, Robinia] 

Caesar Kelberg Wildlife Res.Irsitute (P. Felker)Texas Agricultural and Industrial UniversityKINGSVILLE Tx. 78363 
U.S.A. 
[Leucaena, Proxopis] 

College of Forestry (J.Hanover) 

Michigan State University
EAST LANSING, Mich. 48824 

U.S.A. 
(Alnus, Gledigsia, Robinia] 
Southern Regional Plant Introduction Station 
EXPERIMENT, Georgia 30212U.S.A. 
[Leucaenal 

Hawaii Foundation Seed Facility
University of Hawaii 
3190 Maile Way
HONOLULU, Hawaii 96822
U.S.A. 

[Leucaena] 

Private suppliers 
The majority of private suppliers carry arange of stocks and can widesupply catalogues on 
request. 

Australian Tropical Plant SuppliesPinnacle 
Road
 

JULATTEN, Qld 4880
AUSTRALIA 

Western Wildlife Supply 
Box 90
 

GILGANDRA, NSW 2827
 
AUSTRALIA
 

A.J. Frost
 
Skoyfrihandel
 
7080 BoRKOP
 
DENMARK
 

Etablissements VersepuyF. 43 000 LE PUY, Haute Loire 

PRANCE 
M/S Balkishen and Co. 
106 Rajinder Nagar 
DEHRA DUN, U.P. 
INDIA 
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YI-orsilva Ansaloni
 
Casella Pc'stalc 2100
 
40100 BOLOGNA
 
ITALY 

Sabah Softwoods Sdh Shd.
 
P 0 Box '37
 
TAWAU. Sabah
 
MALAYSIA
 

Setropa Ltd.
 
P 0 Box 203
 
BUSSUM
 
NETHERLANDS
 

Timmers and Leyer
 
P 0 Box 17
 
2100 AA HEEMSTEDE
 
NETHERLANDS
 

Herbst Brothers Seedsmin
 
1000 N Main Street
 
BREWSTER, N.Y. 10509
 
U.S.A. 

Hurov Tropical Seeds 
1470 Alencastre Street 
HONOLULU, Hawaii 96816 
U.S.A. 

international Forest Seed Company 
P 0 Box 76008 
BIRMINGHAM, Ala. 35223 
U.S.A. 
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INTRODUCTION 

Sooner or later many plant pests, which are now geographically restricted,
 
may be expected to spread to all parts of the world where their host 
plants are widely grown (Gregory, 1979). Natural agencies, such as 
wind and water, can readily disseminate some pests over long distances as 
in the case of wheat stem rust spores which are known to travel every year
in high-altitude air currents from Spain to the United Kingdom, and from
 
Mexico and southern U.S.A. to Canada. However, most pests are dispersed

much less readily by natural means, especially across large geographic

barriers. 
These latter pests are much more likely to be spread by man 
and his actions, especially those involved in the course of international 
trade in plants and plant products. 

Although dispersal of pests may eventually take place, the longer the
 
process can be delayed, the better. Consequently, all governments have
 
enacted legislation to protect their own important crop-plant species

against the early introduction of alien pests. The first measures were
 
introduced about 100 years ago for a few crop species, such as 
the
 
grapevine and the potato, but most of the acts and conventions embodying

these measures have now been incorporated in, or superseded by, more
 
general plant health legislation.
 

PLANT HEALTH MEASURES IN PRINCIPLE AND IN PRACTICE
 

Plant health legislation, whether on a local, national, or an international 
level, is drawn up to control the movement of plant materials, together
with associated containers, packing and transportation equipment, and thus 
the pests contained within or attached to them (Kahn, 1977). 
 The measures
 
they embody can only be applied successfully to pests whose dispersal by

natural means is slow or otherwise limited.
 

Forest trees are treated like agricultural or horticultural plants for
 
plant health purposes. However, timber can present particular
problems because of the large size of commercial consignments (Phillips, 
1979). 

Effective measures must take into account two main considerations as
 
follows (Phillips, 1980):
 

(a) Scientific and Technical Considerations
 

These require assessments of the threat posed by each pest organism, 
assessments of the pattern of trade in terms of the quantities an,1 the 
types of plant material transferred, and investigations of the various 
transfer procedures involved. These studies should indicate the presence of 
any weak link in the dispersal mechanism, or life cycle, of the pest which 
may enable effective controls to be implemented. 

(b) Administrative and Organizational Consideration. 

These require the determination of the degree of risk acceptable, and 
thus the stringency of the restrictions needed, and also the limitations 
imposed by the volume of trade needs (i.e. U.K. imports are 80-90%of
its total requirements). These must then be balanced against the constraints 
imposed by the financial and manpower resources available to implement 
the legislation effectively.
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Historically, national attitudes to plant quarantine and plant health
 
legislation have ranged from a completely open-door policy to very

r6strictive policies, with most countries having some rigid legal

restrictions which were established with little regard to their validity
 
or effectiveness (Mathys, 1977b). 
 In many cases these regulations also
 
prevented international trade in non-target crop species for no good
 
reason. 
Since 1940 it has been generally recognized that plant health
 
legislation can only be effective if introduced in a uniform and
 
cooperative manner within the various biogeographical regions of the
 
world. At the same time it has been appreciated that such legislation

should not be used as a covert tariff barrier to interfere unduly with
 
international commerce and trade in plant materials. 
During this latter
 
period various international and regional organizations have been
 
established which have resulted in implementation of more logical

legislation in many parts of the world. 
Regulations controlling the
 
movement of forest tree materials betweea regions, or countries, usually

contain a prohibition of plants with attached soil, and require all
 
vegetative materials to be introduced through quarantine stations, or
 
following inspection and treatment with pesticides (Ivory, 1980).

Regulations for the latter materials may entail any of the following
 
(Kahn, 1977):
 

(a) Specific prohibition;
 
(b) Specific prohibition with exceptions for scientific purposes;
 
(c) Quarantine procedures required;
 
(d) Treatment on arrival;
 
(e) Inspection on arrival;
 
(f) Permit required;
 
(g) Phytosanitary certificate and/or certificate of origin required;

(h) Various treatments and inspection before dispatch;
 
(i) Restrictions on the size and type of material 
involved.
 

Tree seed can usually be imported without difficulty following inspection

and treatment with pesticides, although some countries impose more
 
stringent restrictions against specified pests, or against imports
 
from certain parts of the world.
 

Very few adequate quaLantine stations exist for screening plant materials
 
and, therefore; -transfers
are usually carried out between national
 
plant quarantine services relying on 
inspection procedures and pesticide
 
treatments. These measures, or their implementation, are often inadequate
 
to detect many pests in vegetative or seed materials (Berg, 1977 b;

Neergaard, 1977). In some cases, intermediate quarantine in a
 
third country may be carried out when the risk is considered too great

for the work to be done in the importing country, as in the case of rubber
 
tree imports 
to Malaysia and the South American leaf-blight fungus
 
Dothidella ulei.
 

All these measures are aimed primarily at commercial imports of relatively
 
large quantities of plant materials. Small quantities for scientific purpose*
 
can usually be imported for most countries make exceptions in their
 
legislation when adeouate safeguards 
can be made (Kahn, 1977). Such
 
transfers can, however, pose a very serious threat as 
they often occur
 
between countries not normally involved in commercial transfer of
 
similar plant species (Mathys, 1977b). These risks are often not
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fully appreciated by the scientists involved, who not infrequently
ignore or circumvent the regulations (Kahn, 1977). 
 Each national plant
health emuthority will assess the potential risks and benefits involved
with each importation for scienl-ific purposes and will then impose whatever conditions and restrictions that It 
sees fit on the materials involved
(Kahn, 1977). 
 Obviously small consignments of low-risk materials can
be treated and inspected much more thoroughly than large consignments
(Neergaard, 1977) areand thus more likely to be permitted. 

Tissue cultures are very suitable in this regard because of their
s"all size and in-built peat-detection systems (Kahn, 1979). However,all cultures are not pathogen-free (Kahn, 1979), 
so most countries still
regulate such germ plasm imports (Kahn, 1977), and even, in a few cases,
impose a total prohibition as with the coconut (Kahn, 1978). A majordisadvantage of tissue culture is that the technique requires suitable
sterile culture facilities at both ends of the transfer.
 

THE INTERNATIONAL PLANT PROIECTION CONVENTION (IPPC) 

The IPPC was 
established in 1951 under Article 14 of the constitution of
the Food and Agriculture Organization of the United Nations (FAO) and hasnow been ratified by about 80 countries. It aims to strengthen
international efforts to combat important plant pests, and to limit their
spread across international borders (Chock, 1i79).
 

Each signatory to the Convention has the following obligations:
 

1. 
To set up an official plant protection organization which will
(a)carry out inspections, and possible disinfection treatments, of
plants and plant products for export and import; (b)issue phytosanitary certificates; (c)report pest outbreaks; (d)carry out
research and advice on plant protection matters; and (e) publish
and distribute plant health regulations. 
These national organizations
presently vary in size from 1 to 1,500 people.
 
2. 
 To cooperate in establishing regional organizations to promote and


coordinate plant protection activities.
 

3. To formulste' lant health legislation against pests which pose a
likely threat to crop-plants judged on the basis of sound scientific
evidence only, and not to impose restrictions which aim primarily
to prevent-or inhibit trade in particular commodities. Restrictions
on the latter basis would also infringe other international agreements,such as the General Agre,.ment on Tariffs and Trade (GATT). 

Before the inception of the IPCC, phytosanitary certificates existed in a
multitude of forms and had a 
multiplicity of requirements. These
requirements were standardized in the Model Phytosanitary Certificate
(MPC) drawn up by the IPPC in 1951. 
Essentially similar forms have been
in 
use worldwide since that time, although several amendments to the MPC
have been proposed since then to 
try to take into account the practical
limitations imposed by trade and inspection procedures. 
 Its value depends
on the technical competence and integrity of the issuing 
authorities, and
the effectiveness of the procedures in detecting and preventing the spread of
 any particular peat.
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REGIONAL PLANT PROTECTION ORGANIZATIONS
 

Most countries of the world belong to one or more regional plant
protection organizations, which operate mainly within the guidelines
established by the IPPC. 
Eight such regional organizations rnw exist
covering the areas shown in Figure I (Smith, 1979). 
 Some are
independent inter-governmental organizations, such as 
the European and
Mediterranean Plant Protection Organization (EPPO), and some were set
up by, and are now overseen by, FAO. 
Some overlapping of regions occurs
because some countries, especially those with a wide range of climates,
share trade and similar plant protection problems with countries from
 
more than one region. 

1. 
 The European and Mediterranean Plant Protection Organization (EPPO)
 

EPPO is an independent inter-governmental organization which was
established from the International Committee for the Control of Colorado
Beetle and the European Working Party on Infestation Control about six
months before'the IPPC was convened. 
It is thus the oldest of the eight
regional organizations. 
 Since its inception it has expanded and now
consists of 35 countries in Europe, North Africa, and West Asia.
 

Its principal functions, besides furthering the aims of the IPPC, are
(a) to advise and assist member governments on the technical,

administrative and legislative measures necessary to prevent the
introduction and spread of pests of plants and plant products; (b) to
disseminate information on important developments in the plant protection
field; and 
(c) to study the possibility of simplification and unification

of phytosanitary regulations and certificates (Smith, 1979).
 

EPPO has a small secretariat in Paris, but operates mainly through
technical working parties of experienced specialists, or open conferences
and colloquia on topics of current interest (Mathyi, 1977). 
 Conference
recommendations may be passed to the Council for approval after evaluatiol
by interested working parties, and possible consultation with member
countries. The secretariat also acts as 
a centralized reporting

service for incoming and outgoing information.
 

The Working Party on Phytosanitary Regulations is the oldest and most
import, and is the 
one most concerned with the health of all crop
plants. Phytosanitary regulations in foreztry and special forestry
problems are also considered by two smaller Working Parties. 
 For 20
 years the Working Party on Phytosanitary regulations concentrated its
attention on rules relating to 
a few high-risk pests which were already
established in part of the EPPO region. 
Since then, however, it has
attempted to harmonize the regulations of the region by establishing
its own 
lists of dangerous quarantine organisms. 
The general principles

behind these lists are as follows:
 

(a) Regulations should relate as 
far as possible to specified
 
pest organisms.
 

(b) Regulations should have a firm scientific basis.
 

(c) A common strategy should be applied within EPPO against
 
external pests.
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(d) Regulations should interfer 
as little as possible with trade
in plant materials, and free movement of people.
 

(e) Explicit requirements for imports should be widely promulgated.
 

(f) 	 Pests selected should be considered to be capable of surviving
-in the open under glass in the EPPO region, and be liable
to cause major damage to an important crop species. They must
also be likely to be spread by trade, and not likely to spread

rapidly by natural means.
 

(g) The aim should 'Le for zero tolerance for the most dangerous

quarantine organisms on 
the 'A' list, with less stringent
requirements for less dangerous organisms (category B).
Specific quarantine requirements for organisms on these lists
 
are presently being published by EPPO.
 

The 	Al category contains many exotic forest pests, such av 
Ceratocystis
fagacearum (Oak wilt fungus) and Hylurgopinus rufipes (N. American elm
eetle), and larger groupings, such as the non-European Conifer rusts and
weevils. 
The A2 category of pests already present in part of the EPPO
region, contains fewer specified forest pests, such as the Dutch Elm disease
fungus Ophiostoma ulmi. 
Member countries must impose stringent quarantine
requirements against 'A' listed organisms unless the disease is already

widespread in that country.
 

The B category organisms are considered to be less likely to pose a
serious threat to crop yield either because (a) they affect crop quality
only; or 
(b) they are already widespread; or 
(c) they are poorly adapted
to local conditions; or (d) they are easy to control. 
The EPPO Working
Party decided not to draw up a list of 'B' organisms, but left it to
each member country, or group of countries, such as the Scandinavian block

and the European Economic Community.
 

2. 
 Other regional plant protection organizations
 

Three regional organizations were founded as statutory bodies of the FAO
and are supported financially by the UNDP. 
 These are the Plant Protection
Comrnittee for the-South East Asia and Pacific Region (SEAPPC)
(Reddy, 1977), the Near East rlant Protection Commission (NEPPC), and the
Caribbean Plant Protection Commission (CPPC), (Berg, 1977). 
The 4
remaining regional organizations are independent intergovernmental bodies
which cooperate closely with the FAO. 
These are The Organismo Internacional Regional de Sanidad Agropecuari (OIRSA) in Central America
(Berg, 1977); 
 The Interafrican Phytosanitary Council (IAPSC) for all
member countries of the Organization of African Unity (Addoh, 1977); the
Comite Interamericano de Proteccion Agricola (CIPA) for most of South
America; and the North American Plant Protection Organization (NAPPO) for
all of North Ai-erica (Rohwer, 1979). Financial support for these
organizations 
comes either from member countries or from international
 
agencies (Berg, 1977).
 

All the abovL regional organizations have similar aims and objectives to
EPPO; however, they function in different ways reflecting their different
 
problems, circumstances and structures.
 



NATIONAL PLANT PROTECTION AUTHORITIES 

Most countries have established their own plant protection authority
 

to implement and administer the plant health legislation enacted by their
 

own government. The legislation usually embodies the minimum standards
 

of regional measures recommended by the particular regional plant
 

protection organization against pests which do not occur within the
 

region, and national measures, as permitted by the Regional Organization,
 

against pests which occur elsewhere in the region, but not in all, or
 

part, of the country concerned. In addition, local measures may also
 
a country
be introduced to prevent the spread of a pest from one part of 


to another.
 

The situation can be further complicated in countries which are
 

governed as federations, such as the United States of America and the
 

Commonwealth of Australia, where legislation is enacted and implemented
 

by both federal and state governments. For example the Federal Plant
 

Quarantine Act in Australia (Morschel, 1979) covers all plant materials, 

and includes all recognized forest tree species, and related species, such 

as the follovring genera: Abies, Cupressus, Juniperus, Larix, Pinus and 

Populus. Vegetative materials are considered to pose the greatest risk 

and are therefore more severely restricted than seeds, for which 

inspection and treatment on arrival may be the only restrictions imposed. 

Tissue cultures are usually quarantined to detect viruses and other labile
 

systemic pests.
 

Similarly the member countries of the European Community must incorporate
 

the E.E.C. Plant Health Directive as the basis of their own legislation
 

(Phillips, 1980). This covers all tree material in one way or another,
 

irrespective of the intended purpose of each importation. Conifeis and 

broadleaved trees are all restricted in general terms, but some 

specified genera includin, the following forest-tree genera are restricted 

Abies, Castanea, Larix, Picea, Pinus, Pseudotsuga,
in greater detail: 

Quercus, Tsuga and Ulmus (Phillips, 1979).
 

Thus, although the legal requirements governing the international 

movement of plant materials are enacted and enforced at a national 

or state level, they show considerable uniformity now that most
 

countries are signatories to the IUPPC and its constituent regional
 

set minimum standards and guidelines for the regulations.
organizations, wldch 

interests, involved in the internationalScientists, or commercial 
exchange of plant germplasm should be fully aware of the plant health
 

regulations of the importing country which relate Lo the type and origin 

of the plant material involved. Except in the rare cases in which 

export restrictions apply, the zaove regulations are the only factors 

which determine the permissibility of any importation. Details of the
 

regulations can be obtained from the quarantine service of the importing
 

country, or from the quarantine service of the exporting country which
 

will often be required to issue a phytosanitary certificate for each
 

transfer.
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INTRODUCTION 

During the past three years egroforestry has been e!evated, in Kenya,
 
from a relatively unknown concept shared by a handful of un
conventional scientists to a popular idea which has caught the
 
imagination of policy makers, development specialists and donor 
agencies who, together, represent a variety of pertinant interests
 
and objectives. Several prominent developments have contributed
 
to this transformation.
 

First, the Beijer Institute's national level study on Kenya's energy

supply and demand balance, undertaken in association with the
 
Ministry of Energy, concluded that agroforestry has a potentially
 
significant role to play as a mitigation strategy for overcoming an
 
identified shortfall ii woodfuel supply (1,2). Second, a 10-day,
 
national level seminar on agroforestry sponsored jointly by ICRAF
 
and the University of Nairobi attracted over 60 papers pertinant to
 
the subject which were compiled into a single volume and circulated
 
to relevant government ministries, educational institutios and 
non-governmeat organizations (3). Third, Nairobi's hosting of the
 
U.N. Conference on few and Renewable Sources of Energy and the
 
associated NGO Forum directed attention locally to agroforestry as a
 
renewable energy strategy appropriate for Kenya and other developing
 
countries (4).
 

In addition, three independent directives have been issued by
 
Kenya's President Daniel arap Moi, all of which prescribe or allude
 
to agroforestry as a promising method of executing his will. Firnt,
 
citizens were directed to eliminate soil erosion problems by
 
practicing conservation measures; second, to make the country more
 
productive in food by intensifying agriculture and better developing
 
marginal lands; and third, to plant 2 Million tree seedlings per year
 
to reduce the negative effects of deforestation.
 

Accompanying these and other national highlights has been a surge 
in the initiation of agroforestry project activity. At least four 
different ministries; Environment and Natural Resources (MENR) (5), 
Agriculture (HOA) (6), Energy (ME)(7) and Livestock Development 
(MOLD) (8) are responsible for programs or projects which incorporate 
multi-purpose tree planting components. Although rationales for the 
various activities differ, orientation towards farmer involvement in
 
the conscious raising of tree, a function traditionally reserved for
 
foresters, is shared.
 

Of particular significance regarding the current intrigue with
 
agroforestry is the generally positive view held towards it by
 
Kenya's Forest Department itself. Gradually it is coming to recognize
 
value in diversifying its approach in order to meet growing demand
 
for non-timber tree products and services. Not incidentally, the
 
Department is to take the lead in executing President Moi's directive
 
to vastly escalate seedling production. To comply, it has
 
contemplated all possible implementation channels and calculates that
 
on-farm tree production is the most cost-effective means (9).
 

,4~A 
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At present the Department's "rural 
tree development" idea is new,
and not yet adopted as official policy. 
Thus, the organization

remains ill-equiped 
to play a strong role in guiding the concept

into action. 
It does, however, "2ncourage" local .initiatives in
this regard, providing 
-what limited cechnical and material assistance

it can, and liases with other agroforestry implementing ministries
 
as it make plans for stepping more firmly into a position of active
 
leadership.
 

Non-government organizations have probably played the most significant

role thus far in promoting tree-planting through actual on-the-ground

activity. Responding usually to grass-roots pressure engageto
in "relevant" development activity, NOOs are perhaps closer to

the pulse of the movement, in many 
 respects, 'than any government.body. The positive will of the farmer is imperative to success of the 
movement and to date NGOs have made the most obvious advances
 
ia tapping it. Further, it is 
clear by examining agroforestry

program plans of various government and government-assisting bodies

that NGOs are valued as conduits for information and sentiment on
behalf of the communities which the projects seek to serve, and also
 
through which to implement project activities (10,11,12). It is
within this 
context of rapidly and horizontally eapanding interest
 
in community level, or on-farm, multipurpose tree planting (i.e.

agroforestry) that the issue of tree seed is explored, as 
it pertains
 
to NGOs.
 

The element of Kenya's NGO community which concerns itself with

issues of energy, environment and deveJopment is first briefly

described and the types of organizations active in tree planting

identified. Following this is 
a synopsis of relevant aspects of
the national seed supply problem in Kenya, including some of the

issues raised through debate on potential solutions. NO~s actively

involved in seed procurement are then isolated and a brief review
of the strategieE employed is presented. 
From the foregoing some

problems are highlighted and general conclusions drawn. 
These are
followed by recommendations as to how the NGO comm,.--ity might proceed 
in addressing them.
 

NGOs IN AGROFORESTRY 

How Many? 

NGOs actively involved in 
tree planting in Kenya are numerous. A.
1982 directory produced by the U.N. sponsored Environment Liaison
 
Centre 
(ELC) lists 21 NGOs definately active, along with another

64 organizations most likely involved in tree planting and/or

other aspects of renewable energy development (13). Of the 64, it
has been confirmed that at least 25 of them do sponsor tree

planting programs. 
 Of the 46 confirmed tree-planting NGOs listed
 
at least 20 are 
also engaged in raising seedlings in nurseries (14).
It is these 20, then, and others like them, who constitute the
principle subject of concern. 
 Although the above figures attest to
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relatively significant level of activity, particularly in comparison
 
with corresponding NGO performance in 38 other African countries
 
listed in the directory, they do not reveal its real extent. NGOs
 
do not themselves constitute an organized body amenable to ready
 
monitoring.
 

As a disparate and basically uncoordinated group of organizations, who
 
may share little except their non-government status, it is difficult,
 
first, to obtain even a comprehensive listing, of who they are.
 
Secondly, even upon identification by name, reliable information about
 
their activities is often unavailable. In many cases regional or
 
local level office3 of a national organization, for example, are under
 
no obligation to report to headquarters the specific nature of
 
their activities. Or if reports are made, they are not compiled and
 
distributed. Furthermore, there are a vast number of community-level
 
groups in Kenya who are rightly classified as NGOs, but who are not
 
formally affiliated with an umbrella organization.
 

For these reasons directory listings, or even a particularly well
tuned ear placed in NairolK, do not provide realistic indications of
 
on-going tree-planting activity in Kenya. This phenomena has been
 
confirmed in many instances by researchers or program planners who
 
have taken to "the field" in search of information or project target
 
areas and found surprising levels of "unreported" interest and/or
 
activity in tree planting in progress already.
 

Who Are They?
 

Churches, women's groups, schools and youth clubs are the organizations
 
primarily responsible for non-government sponsored tree planting in
 
Kenya. In addition, certain research organizations are involved, as
 
well as a number of community service and commercial organizations.
 

Churches
 

Upon appearance, church groups are responsible for the most ambitious
 
community-level tree planting and related projects undertaken in
 
Kenya to date. Geographically, the extent of their activities include
 
each of Kenya's eight provinces.
 

.1
 

The Catholic church sponsors a number of tree-planting projects, each
 
under the auspices of one of the regional level dioceses located
 
throughout the country. The coordinating body for the Dioceses, the
 
Kenya Catholic Secretariat, operates the programme through which these
 
projects are sponsored. However, it does not actively coordinate the
 
flow of information or inputs among them. Rather, each is essentially
 
an autonomous unit.
 

Protestant churches, also, are widespread throughout the country and
 
most of them are members of an umbrella organization, the National
 
Christian Council of Kenya (NCCK). Although tree-planting projects
 
are known to be sponsored through a number of individual churches, the
 
NCCK itself, through its Nairobi headquarters, has ta.Len a prominent
 
role in coordinating these activities, particularly regarding the
 
provision of certain fundamental inputs. The focus of NCCK's
 
tree-planting activities has been in Kenya's northern dry areas,
 
populated by pastoralists.
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Other churches or church-sponsored organizations which feature on the
rosters of tree-planters in Kenya include Salvation Army, Church Army
in Eastern Africa, E.A. Yearly Meeting of Friends, Kenya YWCA and

YMCA, Partnership for Productivity, World Muslim Congress, Institute
 
for Cultural Affairs, Kenya Baha'i Community, African Inland Church,
Mennonite Central Committee, World Neighbours and World Vision

International. 
 There may well be others. Together these represent

substantial variation with regard to geographic scope, intensity of
input and duration of project activity to date. 
Many are committed
 
to 
an integrated approach to development which may feature treeplanting as part of a larger objective. Accordingly, churches are likely
to posess thi type of long term committment to a community which
 
benefits successful tree establishment.
 

Women's Groups
 

Women's groups are viewed by many agroforestry development enthusiasts
 
as the cauldron of vast untapped potential for implementing community

level projects and for promoting adoption of agroforestry techniques

at the household level. 
 To date, however, the hypotheses that women
will rally to the cause 
to supply labour on the scale projected
 
remains unproven.
 

There are examples of women's groups who have undertaken promising
tree planting projects. 
The most notorius of these is the so-called
"greenbelt movement" instituted under the auspices of a national
coordinating organization known as 
the National Council of Women of

Kenya (NCWK). 

NCUK's member groups have participated since 1977 in the greenbelt

programme and, more recently, in its nursery development component.

It has been with the expectation, though, of personal financial

compensation. Thus, 
this program does not provide a good indicator
 
of local women's groups' cotmittment to raise trees for their own
 
intrinsic value.
 

Within the past year Kenya's other national coordinating body for

women's groups, blaendeleo ya Wanawake, initiated a different type of
 program to assist 
local groups with tree planting. Its emphasis is
 on material and. technical inputs for nursery 'Jevelopment and there is
no provision -or buying back the seedlings, once produced. They

return instead to the womep directly involved in production. Any

financial assistance provided must be invested by the group directly

into the nursery. 
It remains to be seen what the participants'
 
response to this program shall be.
 

It is unconrt to find 
a rural women's group involved in raising trees
who is not affiliated with either a church or one of the two

umbrella organ>:ti.:r i2ntified above, responsible for sponsoring

the project. 
 In the case of church - affiliated women's groups

the fruit of the women's labour is generally owed to the church.

Thus, in considering the role c' its women in tree planting it is
 
not very useful 
to think in terms of dealing with such groups directly,

but rather with the church itself. The underlying question to be
answered in consideration of any women groups' interest is whether or
not the oppoetunity cost of the labour input is worth the return
 
vis-a-vis its competing demands
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Schools
 

Schools appear to hold much greater potential as caretakers of trees
 
than do womens' groups, at least for the time being. Already there
 
are numerous examples of schools across the country who are in
 
the process of transforming their compounds into "forests". To date
 
a school's involvement in raising trees has been largely dependent upon
 
initiative taken by the headmaster himself. There has been no
 
national mandate that schools must raise trees, although the idea
 
is under consideration. At the very least it can be expected that
 
schools will be "encouraged" increasingly, not only to plant seedlings
 
provided by the Forest Department but, where water is available,
 
to raise seedlings as well.
 

Youth Clubs
 

Youth clubs are normally affiliated with either a church or with
 
schools. Those involwvE in tree planting include Boys Brigade, Boy
 
Scouts, Girl Guides, . , Young Farmers and Wildlife Clubs of Kenya 
(WCK). Each of these clubs is headquartered in Nairobi from where
 
general program direction is provided and the channeling of resources to
 
the various member clubs facilitated.
 

Until now tree projects undertaken by the clubs under the supervision
 
of a local teacher/sponsor have consisted primarily of planting and
 
caring for trees provided by the Forest Department. Interest in
 
establishing nurseries of their own is beginning to develop, however,
 
and there are several in operation already. As with direct school
hosted initiatives, interest and committment is mainly dependent upon
 
the sponsor/leader of each individual club. Thus, although potentially
 
a very promising resource, actual performance remains to be assessed.
 

Other NGOs 

Research organizations known to be involved in tree planting include
 
University and College departments, as well as several independent
 
institutions (15). The programs of such organizations are highly specific.
 
Commercial interests involved in multipurpose tree planting include
 
BAT, Ltd., and Bifobab Farms Ltd. These, too, have relatively specific
 
purposes, subject to discussion in the following section.
 

Additional Kenya-based NGOs likely to become involved in sponsoring
 
or hosting tree planting programs include agricultural product
 
cooperative societies and farmers' unions. Conmunity service groups
 
are also active. The Jaycee's and Men of Trees are two who have already
 
undertaken substantial projects. Relief and community assistance
 
organizations such as Action Aid-Kenya, Oxfam, and CARE-Kenya are
 
involved as well, normally as sponsors of NGOs operating locally.
 

In summary, it is a potentially vast and obviously expanding community
 
of non-government organizations who are interested and well suited
 
respond to the call to raise trees, whether they hear it from Presi&ent
 
Moi himself or from another, more private, messenger. Although many
 
projects are in their infancy, interest is high among a number of
 
national level organizations in expanding their programs geographically
 

/ 
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to involve many times the present number of local groups in tree raising.
 

How Are They Heard?
 

NGOs relate to government at 
their respective levels of operation.
Groups working at the community level, for example, are 
in contact with
local chiefs. 
 Regional branches relate to District officials about
their program activities 
through District Development Committees (DDC)
or a Ministry with whom the NGO may be affiliated. 
NGOs are registered
at the National level, 
some being associated with a particular ministry
while others are not. 
 Churches, for example, operate independently.
Women's groups and youth clubs are registered with the Ministry of
Culture and Social 'Services. Additional ministries with whom tree-planting
NGOs are 
associated include both Basic and Higher Education, Foreign
Affairs, Commerce,and Tourism and Wildlife. 
The NGO resource is thus
widely distributed throughout the system, but only loosely controlled
by governmental institutions. 
 There is 
no official mechanism for
coordination among those with similar programme orientations.
 

In anticipation of the Nairobi-held U.N. Conference 
on New and
Renewable Sources of Energy and the associated NGO Forum in 1981, about
30 Kenyan NGOs organized as a coalition in order to speak as 
a
unified voice and to promote renewable energy ideas and projects.Now one 
and half years old, KENGO publishes a periodic newsletter and
employs two full time staff members to work on behalf of its constituent
organizations. 
 In general its purpose now is 
to act as an information
exchange and 
to develop and promote renewable energy development or
conservation project ideas for funding.
 

Among the specific activity areas 
upon which KENGO is currently
focussing is 
the provision of tree 
seed and seedlings to NGOs,
sponsorship of training workshops on tree planting and agroforestry,
and publication of educational material on tree 
planting (16).
approach to An
these has been to pair government and NGO resources with
the objective of mutual reinforcement of their various respective goals
and activities. 
 Thus, KENGO plays 
a valuable role in attempting to
Create new cross-cutting linkages among ministerial bodies and NGOs
who until now have had little connection.
 

THE SEED PROBLEM
 

Any of the NGOs identified above who have or intend to engage in nursery
establishment require tree seed. 
 Most who have considered raising
seedlings have come 
to recognise that seed of environmentally suitable
species which promise 
to meet the use specifications of project
participants/beneficiaries is 
an essential input, but not easy to obtain.
 
The multipurpose tree seed shortage in Kenya is 
a well-cited problem
(17,18). The essence of it is 
that the agroforestry or tree planting
"1movement" has outpaced the country's established tree seed handling
institutions in their capacity to respond. 
Even seed of the Forest
Department's plantation species is not plentiful enough to meet demand
from the Department itself for its Rural Afforestation Extension Scheme
(RAES) program. Distribution priority remains with the Department's
traditional timber-oriented plantation program.
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More specifically, neither the Forestry Division of the Kenya Agricultural
 
Research Institute (KARl) in charge of seed procurement and processing, nor.
 
the Forest Department who assists KARl with collection and distribution,
 
is sufficiently staffed or otherwise equipped to meet the surge in seed
 
demand (19,20). For these institutions the situation is made more
 
difficult by the sudden demand for species with which they had little, if
 
any, experience. Particularly troublesome is the mushrooming interest
 
in useful species adaptable in marginal and dryland areas. With these,
 
Kenyan foresters have only recently begun to develop familiarity.
 
Disappointment with species choice available through the Forest Department
 
is commonly expressed among multipurpose tree planting enthusiasts.
 

Seed importation by these institutions is not a viable option either.
 
Severe limitations on foreign exchange combined with lengthy lead
 
times in placing an order through the necessary bureaucratic channels
 
limit the attraction. In addition to the expense of imported seed,
 
KARl also finds it to be of unreliable and often marginal quality,
 
particularly with respect to viability (21).
 

During the past year a German Agency for Technical Cooperation (GTZ)
 
mission visited Kenya to assess the need for donor assistance with its
 
tree seed problem. External focus on the topic helped to illuminate
 
the nature of the problem and raised some controversy about the best
 
strategies for addressing it.
 

At the heart of the seed supply issue lies the question, where should
 
institutional responsibility rest and how should ancillary organizations
 
relate to the key agency? Related to this is the fundamental issue
 
of seed quality control. The concern is that efforts by the
 
institution concerned with and assigned to safeguard cert:in standards
 
regarding collection, treatment, storage, distribution and propagation
 
of seed may be negated by the unsupervised activities of another, or
 
by individuals. It is already a fact that a number of government, as
 
well as non-government organizations, who until recently have had nothing
 
to do with seed have become directly involved in using and supplying it.
 

The search for answers to these questions in turn raises other issues.
 
For example, should an expanded-seed processing and holding facility
 
be developed centrally, or on a decentralized basis to take advantage
 
of agro-climativariation in an expedient manner? What level of
 
technological input is appropriate? How seriously should prospects for
 
expansion into commercialization for seed exportation be considered given
 
the level of technical and managerial input required to ensure sustained
 
quality control? (22).
 

As answers to such questions are debated and plans drafted which, when
 
implemented, would lead to an eventual easing of the shortfall, the
 

local tree-planting movement rages. What then, is being done at
 
present to facilitate the supply of the desired seed?
 

NGO SEED SUPPLY STRATEGIES
 

NGOs are presented with basically five choices for obtaining seed
 
for their tree-raising projects. First, they may use official
 
Forest Department channels. This involves ordering seed through
 
Department Headquarters who either supplies it directly or forwards the
 
request to KARl. KARl then supplies the seed if available, or places
 
the order on a list of requests for collection.
 



-8-

As a second option NGOs may approach the Forest Department at
District level 
through the District Forest Officers 
(DFOs). Depending
upon the disposition of the particular officer and whether or not he
has pers;unnel and transportation resources available he may engage
his staff to collect the desired seed. 
 It is possible, also, that
the seed required is already in stock, in which case 
it might be sold
or traded directly with the requesting organization.
 

A third possibility is 
to seek seed from on-going projects, government
and non-government, who may be willing to sell, trade or give it
away, usually in minor quantities. Fourthly, an NGO might import seed
from foreign sources provided it has 
a source of foreign exchange. And
as a final option it may organize to collect its own.
 

Each of these methods is presently in operation. Different NGOs place
varying emphasis upon the respective approaches depending upon the
nature of their working relationship with 
the Forest Department
well as as
the technical and financial resources 
they have available.
Following is a description of the strategies known to be employed by
some of the key NGOs presently involved in nursery establishment and
seed procurement. 
 The discussion is not 
inclusive of organizations
involved in nursery development, but does present essentially the range
of strategies used by NGOs to obtain seed.
 

NCCK, Nairobi
 

NCCK as an 
umbrella organization for protestant churches operating in
Kenya, began promoting tree establishment in the country's northern
dry areas about 10 years ago. 
 In 1977 it initiated a seed distribution
program through which it obtained and redistributed seed on behalf
of about 30 tree-planting organizations (23). 
 These were not limited
to Protestant churches, but included other churches, Forest Department

and Ministry of Agriculture recipients as 
well.
 

The majority of the approximately 30 species obtained by NCCK in its
peak year of operation, 1979-1980, came from three relatively large
and well-established non-government organization programs. 
 Some was
obtained also through KARl and through smaller scale church-sponsored
projects. 
The latter of these in turn obtained its seed by churchsponsored collections from locally growing trees.
 

NCCK's program has fallen into a state of relative inactivity since
its originator/cocrdinator, 
a Canadian forester, left Kenya in 1981.
However, NCCK continues to facilitate some seed trading among its own
 
members.
 

While fully operational NCCK did not charge for the seed it
distributed. 
Individual organizations who participated in
may or not the programmay have compensated their own members for collected seed,depending upon the particular relationships involved. 
NCCK provided the
distribution function as 
a free service to encourage tree planting,
particularly among its 
own member organizations. 
 Normally, information
provided on 
seed origin included only the general location of the
project group responsible for collecting it.
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Kositei Catholic Mission's - East Pokot Agricultural Project - Nginyang
 

(Mr. Edmund Barrow) via Nakuru
 

Among NGOs involved in tree-planting the Kositei Mission at East Pokot
 

(Baringo) has established probably the most notoriously creative and
 

successful project of its kind. For the past seven years Mr. Barrow
 

has engaged in grass-roots level range rehabilitation efforts in a
 

manner which has convinced local residents and, subsequently, project
 

planners of similar inclination throughout the country.
 

Seedlings and subsequent planting trials have been established for
 

over 30 different tree and shrub species potentially suitable for
 

marginal to dry areas, without irrigation. Mr. Barrow's tree seed
 

sources have included NCCK, through its distribution program described
 

above; KARl; Baobab Farms Ltd., (described below); aui F.A.O. forage
 

project in Kitale associated with Ministry of Livestock Development;
 

an 
F.A.O. dryland research project in Machakos associated with the
 

Ministry of Agriculture; and the Ben Gurion University of the Negev in
 

Israel. The latter source has provided seed of several exotic dry
 

area species which have reached seed bearing stage at Kositei. This
 

turn has been made available to numerous other organizations
seed in 

through NCCK's distribution prcgram (24).
 

Mr. Barrow now harvests seed from stands established under his supervision,
 

and also spoisors seed collection of certain local species. In cases
 

where substantial amounts of labour are required collectors .re paid
 

and the seed is sold. In many cases though, Mr. Barrow makes small
 

quantities of seed available to other projects on an informal basis
 

free of charge, or preferably, for trade. Mr. Barrow himself is
 

familiar with the origin of seed collected under his supervision and
 

is able to so inform any requesting party. However, nc documentation is
 

provided with the seed itself.
 

Baobab Farms Ltd., - Mombasa (Rene de Haller)
 

Baobab Farms, located at Bamburi Cement Factory on the Kenya Coast,
 

produces seed on a commercial basis of eight species well-suited
 

for agroforesty.(25). Stands of each species, including both exotic
 

and indigenous varieties, have been established at Bamburi as part
 

of an ambitious and successful land rehabilitation program initiated nine
 

years ago by Mr. de Haller. It is unknown by the writer from where
 

the original seed of the exotic and non-coastal species was obtained.
 

However, for indigenous coastal species seed was collected locally under
 

the supervision of Mr. de Haller.
 

For his small-scale commercial seed operation Mr. de Haller uses
 

Baobab Farms' hired labour for collection, cleaning and packaging.
 

For species which loose viability quickly only quantities saleble
 

that season are harvested. Because of the continuity in project
 

management so far, it can be presumed that seed origins can be
 

traced from Mr. de Haller. However, provenance information is not
 

routinely provided with the purchased seed.
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NCWK (National Council of Women of Kenya), Nairobi
 

The NCWK has to date sponsored approximately 50 tree nurseries through
 
assistance to local women's groups. Seed for these is provided
 
almost entirely through the Kenya Forest Department. Through a working
 
agreement between the two organizations, NCWK purchases the Seed
 
either from Headquarters in Nairobi or directly from District Forest
 
Officers(DFO). As some DFOs have agreed to provide technical assistance
 
to the NCWK program as well, seed is co mnl~y obtained directly
 
through this channel (26).
 

The vast majority of NCWK nurseries are located ia Kenya's medium
 
to high potential areas. Thus, .the species available from the
 
Forest Department.are generally appropriate for these sites with
 
regard to environmental suitability. Most, however, are not considered
 
to be particularly useful multipurpose species for integration into
 
agroforestry systems.
 

Maendeleo Ya Wanawake, Nairobi
 

This organization's tree nursery program is very new and thus its
 
record on seed procurement is short. Its basic strategy is to have
 
seed collected locally by the women's groups whom Maendeleo assists
 
in nursery development, under the supervision of District Foresters.
 
It is intended that each group shall collect only the amount it needs,
 
with any surplus either going to the Department or to another member
 
group. Although no individual is compensated directly, Maendeleo will
 
probably purchase collected seed from the various groups for
 
distribution among its members with the stipulation that proceeds be
 
"invested" in the tree projects. It is too early to tell uiether
 
provenance documentation by the groups will feature as part of this
 
program, or how distribution will be organized (27).
 

Digoi Women Group,_ aragoli
 

This local women's group has demonstrated over several seasons a
 
committment to raise tree seedlings through provision of its own
 
uncompensated labour, except for entitlment to the trees. Leucaena
 
is the tree of major interest, for which seed is procured by the
 
women from a near-by two year old seed stand. It is unknown by the
 
writer who is responsible for the original stand, but it is
 
presently claimed by the women's group (28).
 

Diocese of Maseno South, Kisumu
 

This Diocese provides a good example of an NGO working closely with
 
the District Forest Department in its area with respect to both
 
technical advice and seed acquisition. During the past year Departumnt
 
officers have assisted volunteer members of the Diocese to select
 
and collect seed of various locally-growing species. However, there
 
are approximateLy 180 groups within the Diocese who have been directed
 
to plant trees and collect seed, and so direct supervision is not possible.
 
Seed is shared among groups, but as far as is known is not accompanied
 
by documentation (29).
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East Africa Yearly Meeting of Friends, Tiriki
 

This group is another example of an NGO who has undertaken nursery

activities within the past year through the provision of its own
 
uncompensated labour. 
The group collects its own seed from locally

growing species, apparently unassisted by the Forest Department (30).
 

BAT Ltd., Nairobi
 

BAT, (British-American Tobacco), has operated tree nurseries for the
 
past 3-4 years which produce seedlings for the company's tobacco 
-

growing farmers. 
Within the past two years the company has sought

to diversify to include species Other than Eucalyptus. It has since
 
then purchased seed-from foreign suppliers and has engaged in local
 
seed collection under the supervision of its own hired foresters.
 
It is also interested in trading seed with other multipurpose tree
 
nursery projects. Seed exchange by such informal means are not
 
accompanied by any documentation on provenence and do not appear to
 
be recorded by BAT nursery supervisors (31).
 

ICRAF, Nairobi
 

ICRAF is an international organization with headquarters in Nairobi,
 
so is not therefore a legitimate Kenya NGO. However, through its
 
one-year Kenya Seed Project, completed in December 1982, it
 
coordinated the efforts of several Kenyan NGOs 
to examine aspects of
 
seed availability in Kenya (32). 
 It also assisted in procuring

seed for Mazingira Institute, a research NGO for whom ICRAF is also
 
providing technical assistance in community level agroforestry
 
demonstration plot design (33).
 

Seed procurement strategies used by ICRAF, through is NGO secondees
 
to the project, included importation from foreign commercial
 
suppliers; purchase or trade with ongoing agroforestry projects,

both government and non-government; and community seed collections
 
supervised by ICRAF's Kenyan forestry field technician.
 

Attempts were made through the project to document tree 
seed provenance

information as fully as possible. 
 It was often difficult, however.
 
Foreign commercial suppliers normally provided information on
 
the country of origin only. Information from other projects in
 
Kenya required tracing, as 
seed was virtually never accompanied by

provenance information. 
It was found that local seed collection efforts
 
sponsored through certain government programs required and provided

no documentation on seed provenance. 
 ICRAF's project-supervised
 
local collections were documented as thoroughly as feasible given

the limitations of localcircumstances and levei of understanding. (34).
 

Mennonite Central Committee (MCC), Nairobi
 

MCC was one of three NGOs who participated in ICRAF's Tree Seed

project (see above). Through it MCC developed interest in taking
 
an active role to facilitate access of multipurpose tree seed
 
to other NGOs. Accordingly, the organization has initiated a

"seed bank" program, modeled in part after NCCK's once active seed
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distribution program. In addition to providing a seed exchange service,
 
MCC intends also to provide with each fulfilled request a sheet
 
of information on certain pertinent aspects of the respective species.
 

Twenty-five "species sheets" were produced during the course of ICRAF's
 
Seed project. They include information on environmental requirements;
 
seed storage, treatment and propogation techniques; potential
 
uses and any cultural anecdotes which may be known about species
 
propogated through the project. Provenance information is not
 
however, featured on the sheets, nor is it otherwise provided with
 
distributed seed. The names of individuals and/or organizations
 
from whom seed is obtained are kept by MCC in files. Theoretically
 
them, as long as it remains possible to contact these, the origin of
 
the seed may be tracable.
 

The "seed bank", scheduled to begin formal operation in mid-1983, is
 
intended to operate primarily with seed collected locally by church
sponsored projects. To date seed has originated from various
 
locations throughout Kenya as well as sites in Tanzania, Sudan, Somalia
 
and Uganda. Generally, collections are undertaken without the benefit
 
of technical supervision. A list of organization's so far involved
 
in MCC's seed program is presented in ICRAF's Tree Seed Project report
 
(35).
 

KENGO, Nairobi
 

This NGO coordinating body has recently cited tree seed procurement
 
assistance as an area of priority attention on behalf of its member
 
organizations. Through a survey KENGO has conducted of known
 
NGOs, and also through two regional level agroforestry training
 
workshops it has hosted during the past year, the organization has
 
concluded that seed supply is the major bottleneck inhibiting nursery
 
project development by NGOs (36).
 

CONCLUSIONS
 

From the foregoing discussion two related observations are noteworthy
 
with regard to-the national seed supply outlook. First, NGOs, many
 
of whom operate without the benefit of technically qualified
 
personnel, are rapidly assuming a significant role in an area which
 
until very recently was almost entirely the purview of specific
 
government institutions. Secondly, formally instituted channels
 
for obtaining, processing and distributing tree seed are routinely
 
circumvented, not only by NGOs, but by government ministries as well.
 

KARl and the Forest Department, as the key institutions responsible
 
for handling tree seed and for safeguarding its quality, appear to be
 
in a double bind over the developing situation. The Forest Department,
 
in particular, would like to applaude NGOs for assuming part of the
 
load in meeting its mandate to oversee production of 200 million
 
seedlings per year. KARl, too, recognizes its program limitations
 
in the face of the new national objective and therefore appreciates
 
the inclinations of NGOs to operate relatively independently with 
regard to providing seed for projects outside the purview of the 
country's traditional forestry program. 

4 
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On the other hand, these institutions do not formally recognize the
 
nature of the evolving seed procurement situation. Officially, they
 
appear to take little notice that large and growing quantities

of tree seed are subject to collection and distribution locally and
 
never pass through the requisit control facilities embodied
 
principally in KARl. And no action is taken to control it.
 

The fact is that many groups involved in nursery establishment and
 
seed procurement are simply unaware of the need for precautions in
 
selecting and distributing seed. Operating without the benefit
 
of advice from well-trained foresters, seed procurement to many
 
begins and ends with identification of a popular tree and waiting
 
for the seed to ripen. There is little conscious thought about
 
selection and none about the need for documentation.
 

Perhaps none is needed, provided the collected seed and resulting
 
seedlings are for use entirely within the community of origin. In
 
Kenya, however, locally collected seed is not locally confined.
 
Rather, it is passed indiscriminately among different project
 
groups and among varioussubgroups within an organization, regardless

of location. The tremendous agro-climatic variation within the country
 
and East Africa results in substantial scope for geographic

misallocation of tree seed in this way. Further, the absence of seed
 
provenance data makes it difficult to monitor and evaluate species

performance, and therefore to make meaningful comparisons among the
 
vast number of trial establishment efforts. It appears unappreciated
 
that in the long run progress in local tree establishment may be undermined
 
without the benefit of such information.
 

NGOs find that raising seedlings is relatively easy work and with
 
moderate levels of input, substantial tangible and intangible
 
returns can be realized. For the time being, producing trees for
 
farmers or local public places is a popular activity in Kenya and
 
therefore project initiation and expansion is rampant. But the
 
apparent ease with which results can be obtained undoubtedly

contributes to the relative lack of concern for attention to technical
 
"details". Particularly as appropriate technical advisory resources
 
are so -hinly stretched already, motivated NGOs are not inclined to
 
delay project development in pursuit of such assistance.
 

Furthermore, in the absence of publicized guidelines for instituting

caution with respect to seed procurement and distribution, there can
 
be no realistic expectation of NGOs to do so. This, then, is the
 
essence of the seed control issue as it pertains to NGOs in Kenya.
 
Effectively, there is none.
 

Control is the responsibility of government. Presently, government
 
is acting slowly in responding to a movement for which it is
 
largely responsible through its own national directive on tree
 
planting. Although attempts have been made by concerned individuals
 
to institute an official governmental coordinating body to monitor
 
and help control the activities of disparate groups involved in tree
 
planting and seed handling, such a forum has yet to be instituted
 
(37). When this eventually happens, NGOs have a rightful and valuable
 
role to play in charting its course of action. In the meantime there are
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other measures which, in the interest of their own efforts NGOs
 
should consider adopting.
 

RECOMMENDATIONS
 

KENGO, as a coordinating body for NGOs involved in tree planting
 
projects, should take the lead in bringing to the attention of its
 
members the value in proper documentation of tree seed at the respective
 
stages of handling.
 

In concert with awareness promotion, KENGO should set the standard
 
for proper documentation and encourage its members to follow
 
specified step by step procedures for recording pertinant provenance
 
information and distribution data.
 

L order to inform itself adequately on proper documentation
 
procedures, KENGO should first survey the opinions of knowledgeable

informants and attempt to obtain a concensus of opinion as 
to what
 
is considered fundamental information to include. Organizations
 
for initial contact in this regard include the University of Nairobi
 
Forestry Department (Chairman), KARl's Forestry Division (Head),
 
and ICRAF (Senior Forester).
 

Recommended methods obtained from these organizations should then be
 
"field tested" for feasibility of adoption by local groups involved
 
in seed handling. Organizations posessing relevant practical

experience who can assist KENGO in making this assessment include
 
NCCK, Kositei Catholic Mission, Mennonite Central Committee and
 
Mazingira Institute.
 

KENGO chould use ii:s newsletter to promote general awareness about
 
the need for seed quality control precautions. It should use its NGO
 
training workshop forum for conveying actual documentation methods to
 
NGO representatives who must be encouraged, in turn, to enforce
 
adoption by local groups with whom they operate. A special circular
 
may be appropriate, also, as 
a means of conveying specific information
 
on seed handling.
 

As government eventually becomes organized to recognize and effect
 
control over seed handling by non-foresters, KENGO should stay abreast
 
of developments and actively collaborate with government in bringing

about appropriate measures. KENGO, in recognition of government's
 
legitimate interest in control, should appear as a cooperative partner
 
to avoid the possible creation of rules which may unne'essarily restrict
 
the valuable role of NGOs in tree planting and seed handling.
 

In order to legitimize itself in the area of seed handling, and
 
also to provide more useful advisory services to its member
 
organizations, KENGO should consider campaigning for funds to hire
 
an appropriately qualified forester.
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APPENDIX
 

NGOs INVOLVED IN TREE PLANTING IN KENYA* 

- Kenya*
1. Action Aid 


2. Agricultural Society of Kenya 

3. African Committee for the Rehabilitation of Southern Africa/ACROSS
 

4. African Inland Church
 

5. Boys Brigade Kenya 

6. CARE-Kenya 

7. Church Army in Eastern Africa
 

8. Council for Human Ecology - Kenya 

9. Diocese of Garissa
 

10. Diocese of Kisii*
 

11. Diocese of Kisumu*
 

12. Diocese of Maseno South Rural Development Service
 

13. Diocese of Meru
 

14. Digoi Women Group
 

15. East Africa Women's League
 

16. East-Africa Yearly Meeting of Friends
 

17. East Pokot Agricultural Project
 

18. Egerton Agricultural College*
 

19. Friends World Committee for Consultation
 

ICRAF*
20. 


21. Kenya Baha'i Community 

22. Kenya Catholic Secretariat
 

23. Kenya Freedom from Hunger Council
 

24. Kenya Girl Guides Association
 

25. Kenya Jaycees* 

26. Kenya Scouts Association
 

27. Kenya YMCA
 

28. Kenya YWCA
 

29. Limuru Boys Centre
 

30. Maendeleo ya Wanawake*
 

31. Mazingira Institute*
 

32. Mennonite Central Committee (MCC)*
 

33. Namundoli Union Group
 

34. National Christian Council of Kenya (NCCK)
 

indicatee the NCO is known to be involved in raising tree seedlings.
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35. National Council of Women of Kanya (NCWK)'
 
36 Partnership for Productivity
 

37. Rajayoga Centre
 

38. Samia Cultural Comnmunity
 

39. Simon Community in Africa
 
40. Social Services Joot
 

41. Thc Salvation Army
 

42. Thihamwa (Men of Trees)
 

43. Wildlife Clubs of Kenya
 
44. World Muslim Congress
 

45. World Neighbours
 
46. World Vision International, Kenya
 

indicates the NGO is known to be involved in raising tree seedlings.
 


