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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 nroducts and services particularly
in the rural sector rather than in industrial forestry (page 1 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 distribution 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 programmes 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 interest 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 ;eed demands but agencies that enccurage 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).



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
wvhile 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 muitipurpose tree germplasm,.
This document concludes with a number of suggested elements, topice 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 quastion of seed supplies, health legislation, and the impact of
non-governmental organizations on germplasm resources.

/
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THE_SCOPE_OF M. TIPURPOSE TREES

BACKGROUND
Largely as a consequence of growing human and animal populations there has

been, world-wide, an increase 1in deforestaticn and, especially in the °

tropice, general land degradation. Not only marginal lands but, in many
cases, existing cultivated areas are rapidly declining 1in productivity.
The rates and locations of these losses were described by Sommer (1976)
and Wood et al. (1982) and the rpecific case of desertification was
summarised by Grainger (1982). Tre rates of regression of tropical woist
forests, rates of desertification and the tropical lands with potential
for reforecstation are summarised in Appendix 1.

The consequent zcute food and fuelwood supply problems are well known.
These necessitate intensive counter-measures among which tree planting
programmes are in the forefront, both for environmental protection or
enhancement on the one hand, and for renewable energy supplies on the
other. There 1s a growing awareness that woody perennials can and must
play a prominent role not only in maintaining the sustalinability of many
tropical land use systems but in meeting farm fuelwood needs. Tropical
areas with current and predicted fuelwood deficits are shown 1in Appendix
2; the equivalent plantation areas required to meet the predicted deficits

total over 100 million hectares by the year 2000 (Wood et gl., 1982).

Since the current annual rate of sfforestation 1¢ only 1 million hectares,
including planting for industrial forestry schemes (see Appendix 3), a
massive increase in planting activity is required before the turn of the
century, much of it with gpecies or in areas that are not ttaditionally
planted, for energy supplies alone.

Trees and shrubs are, moreover, now being extensively planted outside
traditional 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 FAD, World Bank, Asian Development Bank and
other international and bilateral assistance agencies (see e.g. World
Bank, 1978). They .are -summarised in Appendix 4. Emphasis in national
development and 3in assistance programmes has changed from industrial
plantation forestry towards forestry for local community development (see
e.g. FAO, 1978) and this has been paralleled by a need for increased
research. The ' priorities for such research and some nmechaniams 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 (IUFKC). These rzsearch topics are Bummarised in
Appendix 5. The top two priority groups of subjects are "forestry in
relation to agriculture und rural development" and “forestry in relation
to energy production and use'. 1In both groups the choice of tree species
and 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 recommended for urgent
regearch.,



Different countries and aress within countries have different priorities
but & subjective assecament of af forestation types was made by Wood et
81.(1982) - see Appendix 6. In view of the overeil changes of emphasis in
global forestry uneeds and activities, and the particular need to supply
many of man’s requirements from amall units of land, a large number of
little known species are promising candidates (the so-called multipurpose
trees or shrubs), and interest in. these has increased markedly in gz
comparatively short time. However, the demand for suitsble trees and
shrubs (as well as vines and palms) which have the potentisl for varioue
uses canmnot, at present, be met adequately by controlled gupplies of
appropriate germplasm. |

This discrepancy between demand and supply of germplasm hss daveloped into
a situation that isg rapidly getting out of hand. Not only are national
and intercational tree planting pregrammes experiencing scute difficulties
in drawing or properly authenticated geed sources but very large
quantities of seeds of unknown and unevaluated provenance are being
exchanged world-wide regardless of the problems this will eventually
entail. Even where geed collection is being validly documented the
appropriate procedures for sanpling are often being overlooked. The
quegtions of legal instruments and source identification have not yet been
fully addressed for multi-purpose species.

Arother concern 1s 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 to
conserve multipurpose tree germplasm 1in appropriate ways 18 beccming
increasingly apparent.

Several leadiug institutions and organisations have realised that these
problems will only escalate if {mmediate steps are nct taken to resolve
the growing chsos. The Workshop i1s fatended to take the first steps
towards identifying the proolems, and to discuss and set in motion
appropriate strategies for their poasibie s8olution. This document,
gupported by five consultanta’ reports on cneclal topics, provides the
framework for these  activities. Tt. 18 expected that the Workshop will
amplify the docuuwent in relation to informetion on species, countries and
sites, documentation and research centres, 1international and national
support strategies, and legal or quarantine aspects of germplasm exchange.

SOME DEFINITIONS AND DISCUSSIONS OF TERMS

Several terms have become common jargon 1in recent years and, 1like many
Jargon terms, they can mean different things to different people or in
various uses. Also many acronyms are used in this modern age of initials.
The terms used most frequently for this document and Workshcp are defined
below.

Multipurpose trees "

Trees are generally understood to be free-standing (self-supporting) woody
perennials with & more or lese distinct and elevated head, a single main
stem and a mature height generally exceeding a few wmetres; woody normally
refers to xylem material produced annually by a persistent cambium of the
dicotyledonous or gymnospermous type but for this Workshoo we include
monocotyledons (such as palms - see the paper by Johnson, 1983. snnexed to

N7



this document - and bamboos). The Palmae include 200 genera and 1500
species, 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 or rattans (IDRC, 1979; Dransfield, 1981)
and other plants whose common name is palm but which are not botanically
in the Palmae (e.g- the sago palm, Cycas circinalis, in the gymnosperm
family Cycadaceae). Other plants that may be confused with palms by the
layman 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 Xanthorrhoca. Also the Workshop may
consider woody plants with multiple stems often less thar 2m tall (shrubs)
that are becoming increasingly important as fodder. ‘Together these
species are referred to as MPTs.

In addition a morphological group of plants, the climbers, include woody
species 1in several taxa and with miltiple uses. Climbing plants use other
structures to achieve and maintain a place in the canopy or open light.
They do not form much structurally supportive tissue but attach themselves
to other surfaces or plants by a variety of specialized organs which allow
a fourfold classification:~

(1) Penetrating climbers with roots produced from the stem which draw
nutrients from the host surface.

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

(11{1) Twining climbers, which curve around a support; these 1include

climbing bamboos and palms.

(iv)  Grasping climbers, similar to twining cliubers 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 cliwbers, some yielding rubber,
#lkaloids and drugs; they include some twining and grasping climbers.

Any definition of multipurpose cannot be applied entirely to a completely
circumscribed set of species. Virteally every species of tree or shrub
can be used for more than one purpose. Even species grown typically for
industrial sawnwood or pulpwood m3y produce more than one output, e.g. in
Burope conifers may yield saw timber, Christmas trees and decorative
foliage while acting as shelterbelts, although such a mixture of products
is rare and one product (In this case saw timber) is dominant over the
others in terms of volume, value and intent. However, the term
:§E¥§§3£%%E§§$" appears to be used most commonly when a species 1is
eliberately grown at one site and time to produce more than e product
or benefit; these include the so-called "minor forest products" such as
fuelwood, extractives, medicines, toothpicks, human food and animal fodder
(including flowers for bees and leaves for sllkworms), and service
attributes such as shade, shelter, soil conservation and improvement of
soil fertility.

\
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The term should aleso bLe¢ 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 miltipurpose if it is grown in
different places for shade, mulch, honey, etc.

Within the category of multipurpose trees there 4s a subset of fast—
growing nitrogen-fixing trees (FGNFTs or NFTs). These have the ability to
fix atmospheric nitrogen in a form that is usable to the iniividual plant
itself, to the soil (through leaching from roots, leaf fall and deliberace
wulching) and to domestic animals (through fodder). They include many
species in the Leguminosae family, Alnus and Casuarina species. These are
considered miltipurpose trees because the nitrogen fixation 18 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) geraplasm 18 the

hereditary material transmitted to offspring through the germ cells.
Essentially it is the fundamental genetic information carried in the DNA
of chromosomes and the definition implies that it concerns only sexually
propagated material (L.e. tree seed). However, material that is currently
propagated vegetatively contains the same genetic type of information and
this germplasm could be used sexually in a future phase of a breeding
programme. This Workshop ahould therefore consider the germplasm of
species that are currently propagated by clonal means or in which
germplasm could be either evaluated or conserved and distributed
vegetatively (e~g. by tissue culture).

Genetic resources

Two other terms frequently used almost synonymously in this connection are
genetic (or gene) resources and gene pools. King (1972) defined gene pool
as the total genetic information possessed by the reproductive members of
a populaticn of sexually reproducing organisms; "pool" could be replaced
by "resources" and '"population" could be expanded to "species", but for
the purpose of this Workshop the organisms should include not only
currently egexually reproducing individuals but all individuals that may
contribute 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 mnot
become confused as fashions in subjects and species change (a very rapid
process at present). MPTs 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 ome or
more land use systems designed to meet one or more objectives.

The terminology for eystems and objectives has become confused to the
extent that agroforestry (a group of systems) is commonly equated with
social forestry (a group of objectives). These were discussed more 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 MPTs are not a systen of land
use mor 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-cpecific 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 mumber of species are of interest. No
single species can grow on all sites, tolerate all types of wmanagemenc,
nor yield all types of products and services. Nearly every 1local or
regional flora and the extensive ethnobotanical and ethnomedical liter~
ature cites the diverse uses of trees end shrubs. Severzl major
compilations of the performance of exotic forest trees incude species that
have multiple wuses (e.g. Streets, 1962, f{for all countries of the
Commonwealth; Rriek, 1970, for Uganda). '

A large number of organizations snd individvals maintain or have published

systematic 1lists of plants, mainly trees, for a wide variety of sitce
conditions and uses in the tropics and sub-tropics. It is anticipated that
sources of additional 1lisis will be identified during the Workshop but
those cited in Table 1 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, Costs Rica; Nepal, FAO/IBRD, 1978),
one region (e.g. Appendix 8b, FKoivisto, 1979, A4sia-Pacific), one
vegetation type (e.g. Appendix 8c, Laurie, 1974, African savannahs), one
altitudinal site type (e.g. Appendix 8d, Penton et al., 1977, lowland
tropical hardwoods), one soil/climatic type/phytogeographical zome (e.g.
Appendix 8e, Adams et al., 1978, Saharo-Sindian, Sudano-Deccanean and
saline soils; Appendix 8f, FAO/IBPGR, 1980, specles for comparative trials
in arid and semi-arid lands in Latin America, Africa, India and Southwest
Asia; Appendix 8g, Delwanlle, 1979, and von Maydell, 1981, for the Sahel;
Appendix 8h, Goor and Barney, 1976, for arid zones), and one land use
system (e.g. Appendix 81, Brewbaker et al., 1981; Vergara, 1982; tropical
legumes 1in agroforestry).

In addition global ‘gublications claseifying species by various climatic
types were provided for firewood crops (Appendix 8j, Burley, 1980; RAS,
1980), wultiple purposes (Appendix B8k, Webb et al., 1979) and energy
biomass (Lavoie, 1981).

Many countries have 1lists of multipurpose species that are not publighed
but that are available through personal communication (e.g. Malawi,
Edwards, pers. comm. and Kenya, Owino, 1983, and BRarrow, 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 Sm). 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 Hou€rou, 1980) may also have
potential for other uses (see Appendix 80) and some of the many indigenous
species in 21 f e_Sahel (Le Houérou plantable.
The special case of trees for food and fodder production was considered by
Okafor (1980) for Nigeria and Kessler (1981) for Nepal - gee Appendix 8r -
and globally by Skerman (1977). Tle chemical composition and nutrient
values for tree fodders were discuasesd by Douglae (1972). '

Not all of these species are necessarily suitable for multiple purposes as
defined above and not all of them: have necessarily been proven to be
suitable for planting in the locations suggested in Appendix 8r, nor
indeed suitable for artificial regeneration in any form. Nevertheless the
lists 1indicate the extremely large number of species for which genetic
resources may be required. The wmost staggering number within a single
taxonomic group occurs in the Leguninosae for which the US Deq&;tnent of
Agriculture maintains a computerised data base on 1000 species (Halliday
gad Nakao, 1982, Appendix 8p); of these some 36 were selected as
economically important nitrogen-fixiny trees, including seven non~
leguminous species and a lis: of some 50 were chosen as a second priority
(Brewbaker and Styles, 1982) - gee Appendix 8q. A similar data base for
3000 plants (not only woods) 1is currently being computerised at the Royal
Botanic Gardens, Kew, us part of the SEPASAT project (Survey of Economic
Plants for Arid and Semi-Arid Tropics) - SEPASAT (1982).

INFORMATION COLLECTION, STORAGE AND EXCHANGE

Iypes 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 ome or
more systems and for several purposes. The lists do not exhaust the
possibilities since they are compiled maii’y from the personal Lnowledge,
experience or judgement of one or several speclelists on the basis of less
than global reviews. Nevertheless the great mumber of species in Appendix
8 (nearly 2000) together with the national or topical lists held by many
national TForestry Departments and international support agencies and
institutions imply that sufficient species exist for choosing some for
almost any plantation objective and location.

The specific problems relate to methods of deciding appropriate species to
test, determining appropriate methods of exploration and evaluation, and
locating suitable sources of germplasm when the optimum species and
population are known. The first two of these are described in the CFI
Manual on Species and Provenance Research (Burley and Wood, 1976), which
was prepared primarily for industrial plantation species; the special
problems of multipurpose trees are considered in the ICRAF/CFi/NAS Manual
for the Evaluation of Multipurpose Trees currently 1in preparation. Many
of the constraints are described in subsequent sections of this document.

() Personal communication, Dr J. A. Duke, Economic Botany Laboratory,
USDA, Beltsville, Maryland, USA.



CAB°s ABSTRACTS database 1s available online through various hosts
including Lockheed DIALOG (California, USA), ESA-IRS (European Space
Agency - Information Retrieval Service, Italy) and ‘DIMDI (Deutsches
Institut fir Medizinische Dokumentation wund Information, ' ‘Germany).
Individuals or organizations requiring information on a specific topic can
request CAB searches on payment of costs or, preferably, can perform their
own searches if they have an appropriate telephone 1line and 'terminal
_equipment. : - Al ‘

The CAB ABSTRACTS computericed database covers global literature for the
last ten years and is searched automatically by user’s choice of key

_ngich words.

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

The specialist institutions discussed below, particularly including CATIE,
CFI, CSIRO, CTFT, FAO and NFTA can supply published and wmpublished
information and advice on the choice, management and properties of mpecies
that are the subjects of their international cooperative programmes.

Lists of major periodicals, bibliographies and general refererces to
uitrogen fixing trees were prepared at the N¥TA Bellagio meeting (Duke and
Brewbaker, 1982) and are reproduced in Appendix 1la. Additionsal
references to extend the 1lists to multipurpose trees are ‘included in
Appendix 11b.

However, extreme care in phrasing searches is required. and a 1large
literature exists; Appendix 10a sumuarises the numbers of references
located through DIALOG in preparing this document.



An attack on these problems requires provision and compilation of
informstion on the natural distributionm, variation, taxonomy and breading
system of each species together with information on the variation in
growth, yield and properties’ of each epecies wherever it has been
introduced; d4nterpretation of  the latter group in turn requiraes
information on the natural and artificial (management) environment at each
planting location. In addition rationalisation of efforts in conservation
and exchange of germplasm requires knowledge of the practical needs for
seed or propagules of the commonly used specles.

Table 2 summarices the subjects on which information is required on each
gpecies and the types of institution 1likely to deal actively with the
subjects or to be aware of ianformation on them.

Sources of information

Nearly every national forestry department and research institute and many
foreatry educational cstablishments would maintain that they conduct some
research or management of some of the specles considered here as multi-
purpose trees. The list of nearly 1000 research institutions in all
member countries of FAO (FAD, 1982) is being supplemented by a question-
naire on topics of research related closely to the priorities identified
by the World Bank and FAO (1981) and reproduced in Appendix 5' ‘. The
Bean Bag, & rewsletter to promote communication among researchers
concerned with the systematics of the Leguminosae, published a 1list of 399
members many of whom deal with woody legumes (Gunn, 1982).

0f more specific reference to multipurpose trees 1is the 1list 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 arbore.a 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 xylaria listed in
Stern (1978). All of the inszitutions listed In the three sources
discussed 1in this paragraph plus the horticultural d4nstitutes in 54
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 malutenance 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 Aindividual {nstitutiors would of course yield
inforuation on species &nd techniques but some of the relevant information
is published in recognized journals and some 1in less familiar ageries
("grey 1literature"). Most of the literature 1is abstracted by such
services as the Commonwealth Agricultural Bureaux #n the United Kingdom
(see Appendix 9) and the less conventional literature {8 incorporated in
FAO’s AGRIS Index.

1 ,
(D Personal communication, H. A. Hilmi, Institutions, Education and
Research Branch, Forestry Department, FAO, Rome, Italy.

/7/ O
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tropical and 6 Mediterranean or sub-tropical species, viz. Araucaria
angustifolia, A. cunninghamif, A. hunsteinii, Cedrela  odorata,
Eucalyptus camaldulensis, E. microtheca, Gmelina arborea, Pinus
caribaea, P. kesiya, P. merkusii, P. patula, P. oocarpa, P.
pseudostrobus, Tectona grandis, Pinus halepensis, P. brutia, P.
eldarica, Abies cephalonica, Pinus radiata, P. muricata. -

Progress is being made on the exploration, collection and distribution
of a number of other species and genera, e.g. Aucoumea Bppe,
Terminalia spp., Acacia aneura, A. auriculiformis, A. mangium, Cordia
alliodora, Eucalyptus deglupta, E. urophylla, E. globulus, 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, Proscpis spp.
and Leucaena leucocephala. Through the activities of IUFRO, good
progress has been made in the collection, distribution and evaluation
of temperate species, expecially North Azerican conlfers and Populus
8pp. Detailed biological studies are being conducted on a rumber of
potentially important tropical species, e.g. Agathis spp. and

Triplochiton spp.”

EXISTING INTERNATIONAL COOPERATIVE PRCGRAMMES

Although scme 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-m.ltilateral arrangements for the exchange of germplasm,
e.g. CSIRO, Australia, for t?f) provisZon 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 1living (FAO, 1980,1981c) deals primarily with
fuelwood, but many of the species will have other uses including fodder,
fruits, poles, nitrogen fixation and soil stabilization. The collections
planned and completed are shown in Table 3; the natural ranges of the
species are detalled in Appendix 8f.

Although centrslly coordinated by FAO, with recommended standardised
procedures, collect{on of the seed snd herbarium material is arranged by
each host country, seed 1is stored at the Danish Tree Seed Centre, and
taxonomic research is contractad to specialist iastitutions.

NFTA

The Nitrogen Pixing Tree Association, Hawaii, (which was mainly
responsible for the Bellagio meeting referred to frequantly above) 18 a
non-profit, publicly supported corporation with neaily 1000 members each
of whom pay a small annusl subscription. 1Its purpose 1s to encourage
international research and development, communication, and utilization of
nitrogen fixing trees to provide improved fuel, fartilizer, forage, food,
fibre, forests and other benefits. Inter alia it publishes ' research
reports (e.g. Leucaena Research Reports, Nitrogen Fixing Tree Research

) Pergsonal communication, Dr P. Pelker, 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 and
objective requires research and development through a range of stages
discussed above and implied in Table 2 (and detailed in Burley aud 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 grow a particular species (the recipient countries) mounted their own
collecting expeditions and it could place an unacceptable burden on the
host (germplasm donor) country’s organization and forests. "Collection by
correspondence' is a poor way to essemble 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 problems. Further a centrally
coordinated programme could (1) collect samples and data or undertake
regearch on topice of common interest (e.g environmental data in the site
of origin; laboratory or environmenta! herbarium studies for taxcnomic and
genetic purposes),(11) distribute seed of different origins with
experimental designs that permit comparison of performance or properties
over 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 and
monographs or. individual taxa based on global results of such
collaborative trials, and {vi) give advice on the place of such introduced
trial materisl in breeding programnes .

The value of such central support by specialist institutions was proposed
by Burley and Kemp (1972, 1973) and Kemp et al. (1972). It has been
recognised by FAO’s Panel of Experts on Forest Gene Resources, which has
recommended PAO to support various national institutions in their efforts
to explore and conserve species of international interest. (See FAQ,
1977, for the report of the fourth Panel meeting; the recommendations are
shown here in Appendix 12.) Some of these institutions only collect and
distribute seed while others provide taxonomic services and offer design,
assessment, analysis and interpretation of comparative evaluation
experiments.

Arong the former 1s CSIRO and among the latter is CPI which originally -

concentrated on industrial plantation species but which 1s now beginning
to 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 FAO’s Forest Genetic
Resources information (FAO, 1973~82); a summary of progress in the global
programme for improved use of forest genetic resources (FAD, 1974) wasg
given by Palmberg (1981):-

"Based on the priority 1lists drawn up by the FAD Panel, exploration and
collection followed by the establishment of centrally coordinated
international provenance trials have to date been accomplished’ for 14



Reports), sponsors workshop and seminars, and assemhles, increases and
disseminates germplasm. Under the stimulus of Professor J¢ Les Brewbaker,
an agricultural geneticist, NFTA has made great progress In the gelective
breeding and testing of lLeucaena but attention is also paid to other woody
legumes through comparative trials of the specles listed in Appendix 81.

NFTA is closely associated with NiFTAL (Nitrogen Fixation by Tropical
Agricultural Legumes), a tecam of University of HBawaii scientists

contracted by USAID with the goal of increasing agricultural productivity -

throughout the tropics by promoting wmore effective use of the symbiosis
between legumes and rhizobia in production systems; NiFTAL conducts an
international network of legume inocculation trials and maintains a large
library with a ccpying service.

NFTA 18 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.g.
Appendix 8p and Oakes, 1982). The future of this laboratory is currently
under discussion; although 1t was established 1in support of US
agriculuture, it has great value to other countries and 1its data bases
should be maintained and extended.

CF1

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). Receatly it has added a
project for arid zome species mainly from Central America, including
Acacia caven, A. deamii, A. pennatula, Atelia herbert-smithii,
Caesalpinia velutinu., Calliandra calothyrsus, Crescentia alata, Diphysa

rohinioides, Gliricidia sepium, Guazuma ulmifolia, Leucaena leucocephela,
Leucaena ghennoni, Senna atomsria (syn. Cassia emarginata), Parkinsonia
aculeata, Pithecellobium dulce, Prosopis Jjuliflora, Schinus molle and
Swietenia humilis. These are being ctreated in the same way as the
industrial specles with collection of detailed site data at each seed
tource, central taxonomic evaluation, provision of seed lots with designs
and recommended assessments, the offer of asgistance with analysie and
interpretation, and the maintenance of a computerised bank for data and
bibliography.

NAS
The National Academy of Sciences supports research and development of
wultipurpose trees in *wo ways:-

1) Firstly, through 1its Research Grants programme, NAS 1s
assisting some 11 ‘“grantee" institutions 4in trials of
leguminous woody species and assessment of their nitrogen
fixation capacity. The institutions and project titles are
shown in Appendix 13.

(11) Secondly, NAS has sponsored trials of many species (Appendix
8m) in several countries of the Sahel region. One of the
problemz is the lack of guaranteed 1ife of the field trials;
another is the lack of planned centralised evaluation.

o~
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IOFRO

The International Union of Forestry Research Organizations 1s the world’s
forum for researchers in forestry and forestry products. Its members are
research 1institutions (approximately 400 in 93 countries) which pay a
small annual fee for each working scientist. Each institution receives
coples of IUFRO News for each of the staff for which subscrip*ions are
paid (approximately 8000).

IUFRO activities are grouped 1into six Divisions (each led by a Co-
ordinator and one or two Deputy Co-ordinators), within each of which there
18 a hierarchy of Subject Groups (Leader and Deputy Leaders) and Working
Parties (Chairman and Co~chairmen). These Working Parties may have from
10-300 members all concerned with a common problem or programme. Inter-
divisional Project Groups (Leader and Deputy Leaders) as well as inter-
divisional meetings provide interactions between major disciplines.

The business and organization of IUFRO 1s conducted at the quinquennial
Congress and managed between Congresses by an Executive Board (some 25
Divisional Co~ordinators, Deputy Co-ordinators and Regionali Represent-—
atives) governed by an International Council (made uvp of a representative
from each country that has more than one member institution, and meeting
during the Congress).

Until 1972 there were wo research groups dealing sapecifically with
tropical problems and prior to that date there had been only one to two
meetings outside Burope and MNorth America. Since then, however, there has
been an increased awareness of the need to incorporate mewbers from
developing countries in the operations of IUFRO end of the desirability of
arranging meetings in the developing countries themselves. This
culminated in the passing of a special resolution at the last TIUFRO
Congress fullowing 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 IUFRO
Rews No. 36 (IUFRO, 1982). The research units wost relevant to
mltipurpose trees are listed in Appendix 14.

TUFRO does not have. funds (other than the small annual membership fee
which covers the cost of printing and majling the regular News); 1its
relevance to forestry research and development problems depends on the
enthusiasm and activities of its individusl scientists and the financial
support they receive from their honme institutions. Nevertheless IUFRO has
been highiy effective 1n solving problems through coordinated research,
publishing manuals and monographs on selected topics or gpecies, organ-
zing training courses, and keeping scientist aware of global problems and
progress through meetings and the publication of their proceedings.

An attempt is currently being made by World Bank and UNDP to fund a
special technical coordinator within IOFRO to increase IUFRO’s programme
activities in support of forestry research in developing countries. The
announcement of this position 1s shown in Appendix 15. The position will
be for two years in the first instance as an exploratory period and there-
after, 1if 1t proves successful, additional funding and donors will be
sought together with means of generating funds internally within IUFRO
itself.



GERMPLASM ACQUISITION, EVALUATION AND STORAGE

SPECIAL CHARACTERISTICS OF MULTIPURPOSE TREE GERMPLASM

The various sources of {iuformation listed in Table 1 referred to 2000
species (shown in Appendix 8) 1in nearly 100 genera and many families. It
1s thus impossible to generalise to the same extent as 1s possible, with
increasing degrees of relevance or precision, for wvarious subsets of
industrial plantation specles (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, 1t should not be forgotten that
some species have multiple uses 1in temperate regions and that their
development may be subject to the same congtrsints.)

Clearly the first characteristic of MPTs a8 a group 18 their inter-
specific variability not only in terms of taxonomy but in terms of the
information known about them. Some are extremely thorcughly researched
from their distribution, taxonomic, genetic, breeding aud -managerial
aspects (e.g. Leucaena leucocephala; see NAS, 1977; Brewbaker 1982, 1983).
Others are virtually unknown from any of these viewpoints (including wmany
species in Appendix 8 which may have been listed by an individual worker
on the basis of casual observation of use 1in natural habitats or of
performance in a small introduction plot).

In developing strategies for the improved use of multipurpose trees (see
last chapter of this document) it will be difficult to identify research
topics that are common to alil species or even to a large number of 8species
and it will be equally difflicult to rank species 1n order of priority for
attention 1in 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 (see Appendix 8q) and the FAO/IBPGR set (Appendix 8f).

ISSUES IN TAXONOMY AND GENETICS

For many species the taxonomy and nomenclature are not 1in doubt. For
others, particularly the larger groups (e.g. eucalypts and legumes), close
phenotypic similarities among species, variation between trees and between
populations within species, hybridization between specles, lack of know=-
ledge of the plastitity of some characters, and uncertain records of
origin of plantations make identification, classification and nomenclature
difficult.

The following extract from FAO (1379) summarises the current taxonomic
situation for eucalypts:- ‘

"For many decades there was discussion about the ability of eucalypts
to 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 specles population gradually varied from one
district to another or from one altitude to another. 1In 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
specles were, in fact, of hybrid origin. This work has shown which
eucalypts are 1likely to hybridize and those between which
hybridization is apparently impossible. The work has demonstrated
that the potential for hybridizatioa in the gerus 1is enormous. The
reason that hybridization is not more prevalent in Australia is that
species betweern which hybridization 1s 1likely to take place are
separated by considerable distances 1in a large continent or by
different flowering times. Part*~ularly 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
has become apparent that significant crossing of species is taking
place.

Based on extensive research work . on ability to manipulate
hybridization, and a wvast amount of field work throughout the
Australian continent and adjacent 1islands, Pryor and Johnson (1971)
published a classification of eucalypts in which the genus Eucalyptus
of L’Heritier and the closely related genus Angophora of Cau are
combined. The classification divides the genus Eucalyptus 1into 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 FA 12
Apicaria EF 5
Gaubaea G Curtisaria GA 2
Idiogenes 1 Gympiaria IA 1
Monocalyptus M Renantheria MA 106
Symphyomyrtus S Equatoria SB 3
Tingleria SD 1
Transversaria SE 17
Bisectaria ST 104
Dumaria SL 36
Exsertaria SN 36
Meidenaria SP 68
Umbrawarria 5Q 1
Howittaria SS |
Adnataria SuU 79
Sebaria S 1



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

“"The  enormous Plant  family Leguminosae, with & worldwide
distribution, has a currently estimated 16,000 to 19,000 specles 1n
about 750 genera. 1In economic importance it is second only to the
grasses, Gramineae; in size, only to ¢the Orchidaceae and the
Compositae. Texonomistse conventionally have divided the family into
three clearly distinct subfamilies, Mimosoidese, Caesalpinioideae,
and Papilionoideae; division has been based mainly on floral
differences, a concept adhered to 1in the generic gynopses 1in the
present volume. Although some recent taxonomic restructuring has
accorded full family status to each of the three subdivisions, as
Mimosaceaz, Caesalpiniaceae, and Pabaceae 1in Order Leguminales, this
is a matter of cholce, for, whatever their rank, the distinctions
between the three basic groups are clear and universally accepted.
The current trend for the elevation of subtribes to full tribal
status has served to improve the demarcation of previously {l1=-
defiued or controversial genera."

Among the most widely useful woody legume genera, Acacia and Prosopls ’
confusion exists in several tropical species with invalid subspecific and
varietal epithets (but gee Burkhart, 1976; Duke, 1981; Greaves 1978, 1979
Polhill and Raven, 1981). Sometimes the sawe species 1s called by two
different names in different countries, e.g. Acacia tortilis in India is
A. raddiana 1in Israel (FAO, 1980; hopefully the FAO/IBPGR project will
provide adequate material for clarification of some of these issues).

Even for groups in which claseical taxonomy at the apecific level i1s not
in doubt, for the vast majority of potentially nmultipurpose 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 1in introduced,
planted materials. To some exteat these may be attributed to lack of
trained taxonomists, lack of resources for expeditions ‘and herbarium work,
and lack of appreclation by foresters aond agriculturists of the
implicaticns of intra-specific varistion and the need for unequivaocal
identificetion (for germplasm ccllection, evaluation, management and
future breeding).

Por both the taxcnomist and the geneticist an important i1ssue 1s the
natural breeding system of the species. For common industrial species
such as pines ang eacalypts it has often been assumed that outcroesing is
the rule yet recent evidence indicates that selfing may occur at rates up
to 10Z. 1In eucalypts outbreeding 1s favoured by mechanisms aperating at
two different developmental stagea, reducing the degrees of self-
pollination and self-fertilization, but selfing does occur (PAO, 1979).

Most tropical trees including legumes appear to be cross~fertilized; among

43 epecies 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 vields sterile hybrids (NAS,
1977; Brewbaker, 1$82). There are indications that at least some species
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of Acacia do rff considerable quantities of seed by self-pollination, e.g.
A. dealbata « For many other families information 1s lacking on the
complete breeding system (see Burley and Styles, 1976) or pollination
vectors (see Regal, 1982). Without such knowledge optimal sampling can
not be planned for either genetic consevation or avaluation and breeding.

PROBLEMS IN EXTiORATION AND COLLECTION ‘
The practical, administrative end political problems of seed collection
vere describied by Kemp (1976); these apply equally to industrial species
and multipurpoge trees. Issues that are particularly relevant to the
latter, especially tropical hardwoods, include the following:~

Distribution :

There 1s often a serious lack of information on the distribution and
extent of geographic distinction between populations within the natural
range. This obvioualy adds to the time and cost of field exploration and
necegsitates prior searches for maps, prior correspondence with 1local
professional staff, and field discussions with rural populations. For
studies of indigenous species a Porest 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 seascnal

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 erperience the probleme of taxonomy and nomenclature
discussed above.

Timing of seed collection

It 18 preferable to collect omly in a year of sbundant seed production
eince 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 assessgments made a few months before harvest, by reliable and
experienced observers, are useful and can be progressively improved in
accuracy 1if they are later compared with the actual quantities of reed
ootained. 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 iummediate nzighbours. 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.

(‘“\.‘
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when synchronization of work between separate collection teams 1s needed.
All parties should koow in advance what alternative programme will be
adspted 1f the timing of the preferred programme cannot be followed.

Sampling

1f the resources and information available are too restricted tc permit
complete range-wide collection 1in 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 eitu conservation or for collection of reproductive
material. Repeated sampling of any stand in two or more years is
cesirable 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 pattermn of stand sampling, whether systematic or random or
stratified random, depends on the continuity or discontinuity of the
distribution of the specles, the evolutionary wmigrstion 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 epecimen of the same species,
and they may be self-pollinating, in which case there 1s no "stand" to be
considered and the seeds may be kept separately by trees or merged by
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 patural origins there is no estimate of population
genetic variance and therefore large numbers of parents should be asampled
for securlity. The general IBPGR recommendatione for conservation
collections (Hawkes, 1980) state that seeds from 50-100 individuals should
be bulked to represent a population and, for outcrossing, heterozygous
species, thia procedure adequately safeguards against loss of alleles (see
Burley and Namkoong, 1980). For evaluation, however, it is preferahle to
keep parental identities sgeparate so that replicated field trials provide
informition on variance within as well as between populations.

Derived provenances

The evaluation of the genetic wvariability of a species 1s normally
concerned mainly with collections made in the natural range, taking
account of environmental variability end human interference witiin 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
Jevelopment of local land races.

Where the species has been planted outside its natural range as an exotic,
local selection by nalure and by man in the new site {8 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 evaluation, adding
to the sawpling costs. Determining the location and genetic history of
such populations 1s difficult particularly when seed source records are
not kept and when so many haphazard introductions and seed novements are
made (see the two Annexes to this document on the activities of non-
governmental organizationa by Buck and Greathouse).

PROBLEMS IN EVALUATION

Evaluation normally refers to the deaign, analysis and interpretation of
comparative trials of different seed sources (species and provenances) but
it also includes the taxonomic and ecological studies of the matural Tange
discussed atove. Certainly the locational and ecological fuatures of the
natural sources are used to interpret variation cbserved in field trials
under exotic conditions.

Appropriate Sequences, designs and analyses for species and provenance
trials were described by Burley and Wood (1976) largely for 4industrial
plantaticn species. Some experimental approaches to studying multipurpose
trees are described in the ICRAF/NAS/CFI manual now 1in preparation. Thesge
include apprsaisal of existing data, evaluation of ecological gituations
where existing stands of mature spicles are immediately available, study
of single trees 1introduced into agricultural eystens, and formal
experiments; these experiments include ypecies elimination trials, field
trials of aurvival and vigour, performance and management trials, and,
eventually, experiments with agroforestry system.

Design

Por many of the miltipurpose trees considered here there are three major
design problems. The first 13 the lack of information on variation
between and within populations and, often, sites. Technically this
information 1is recessary to obtain optimum precision and efficiency. 1In
practice robust designs such as randomised complete blocks are used with
large plots (many trees per plot).,

Secondly a given experiment may include many species or provenances in
which more complex designs such as 1lattices may be desirable to obtain
required precision but thege are undesirable because of their complexity
in layout, mazagement and analysis. A centralised project with
experienced staff ahd adequate stztistical and computing support may be
able to deal witlh: such desipns whereas an individual research worker in a
rural situation may not. By cccrdinating the design and analysis of a
large number of experimente 5  centralisad agency may also obtsain
irfermation  on  the exten* and Bources of genotype =~ environment
interaction (sec Barnes 2t s8l., 1982).

Thirdly, when many germplasm sources are involved, they may be . at
different stages of information and genetic development or have different
breeding systers and hence variarce, e.g. one or two bred varieties of
Leucsera leucocephala may be compared with bulked, wild type collections
of other species not previously tested, or different smounts of seed may
limit the degrce of replication of some 1lots. In these cases the
augmented designs described by Federer and Raghavarao (1975) and Brewbaker
(1978) may be useful.

2,1



Assessment :
The principal problem in assessing multipurpose trees s implicit in their

name. 1f they are for multiple uses, multiple characters have to be
assessed. Many of these are not familiar to foresters (e.g. foliage or
fruit yield, nitrogen fixing capacity) nor to agriculturists (e.g. 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 menual in preparation, including characters of the
environment as well as the plant.

Apart from the eimplé problems of time, cost and skill in. assessing
miltiple chsracters, a maior problem 1is 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 1lists of species such as those shown in

Appendix 8 1s that many of the countries or organizations interested in
testing them may have no experience of actually growing them. Seed
treatments, nursery techniques including wmycorrhizal or rhizobial
inoculation and field management may be either completely unknown or
different between the different meed sources in the given experiment.

Although a central coordinator can provide general advice, local tech-
niques should ideally. be developed before comparative trials are
established. Yet because of current pressing needs end enthusiasm many
species trials are proceeding before sufficient silvicultural resesrch is
completed with the result that species may fall not because of inherent
unsultability for a given site but because of inappropriate treatlﬁgt or
managerial problems (e.g. some of the sites in the NAS Sahel trials )

THE PROBLEM OF WEEDINESS

Two problems often arise with species that are introduced es a result of
current fashion or enthustasm (the "new" or "marvel" trea that is intended
to solve all our problems); ome is simply that the specfes do not live up
to expectations through incorrect choice of species and provenance or
through poor management . :

The second problem 138 the highly successful adaptation of an exotic
species to its new environment to the extent that it flowers profusely and
regenerates abundartly, spreading as a weed to areas .where it 18 not
required (agricultural fields, pastures, etc.) Well known examples
include Opuntia 1n Australia (for which biological control has been
developed); Robinia pseudogcacia, Ailanthus altissima and gome eucalypts
in  the eastern Mediterranean (Greece and Turkey, often spreading
vegetatively); Ficus and Melaleuca 1in Florida, USA; Acacia in South Africa
and Queensland; Lantana in Africa, Australia and Hawaii; Prosopis 1n
India, Pakistan and USA; Leucaena leucocephala is being closely watched 1in

the Philippines. The cases for and against biological comtrol of Acacils

8pecies in South Africa by seed destroying insects from Australaia were
presented by Lickhoff (1977) and Stubbings (1977). .

(0 Personal communication, JA Gritzner, BOSTID, NAS, Washington DC, USA
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SEED SOURCE RELIABILITY

The various types of seed sources (natural and derived Provenances) wgere
discussed above and in Appendix 17, It 18 ome thing to classify sources;
it 18 quite another to guarantee their authenticity, Further to be
meaningful the results of a comparative study must be geen in the light of

origin are needed for evaluation experiments than for routine germplasm
movement, Such detailed information 1s usually collected by the
coordinators of major international Programees (see e.g. the deacriptions
of seed sources of p. caribaea aud p, oocaxpa used in the CFI programme -

Few tropical countries follow the seed certiffication gyatem discussed
below and virtually no comnercial peed supplier worldwide can provide
sufficient information op the gource environments ¢to facilitate
interpretstion of trials. '

PROBLEMS IN GENETIC CONSERVATION

Needs for conservation

The needs to conserve natural resources, both for cuxrent use and for
future 8enerations, are now widely appreciated “ckholm, 1978; mAs, 1978;
Anon., 1981) and serious attempts gre being made by organizations,
rational Governmentsg and internat{onal agencies to comserve representative
samples of patural ecosystenms. Some 900 regerves have already been
established within the UNESCO MAB (Man and the Biosphere programme) - gee
UNESCO (1973). Strategies for in 8itu conservation of forest genetic

———

resources were considered by FAO/UNEP (1981).

At the other end of the spectrum considerable efforts are being made to
conzerve 1individual pPlant and anfmal 8pecies that are {p danger of
extinction (see Prance and Fliag, 1976; Lucas and Synge, 1981; Pryor,
1981; Sycge and Townsend, 1981), The International Union for the
Conservation of Nature and Natural Resources (IUCN) has a Threatend Plants
Comnittee hich maintains the Red Data Book (gee IUCN et al., 1978; Synge,
1981).

Neither of thege activitiesn, however, fully takes action at the level
which 15 moat important for both industrial and wultipurpoge trees, namely
safeguarding the resources of threatened Populations within Bpecies and

maintain global collections of wild and cultivated types as well ag wedy
relatives of their specific crops. However, it 1s only recently that
deliberate measures have bLeen taken to congerve Populations of forest
trees, mainly industriel conifers and eucalypts, by ex situ stands (Roche,
1975; Wood and Burley, 1980). IUFRO Working Party $2.02-C1 attempts to
collate and stimulate euch efforts. With the eéxception of a few multi~
Purpose species that have been explored intensively (e.g. Bome eucalypts
by CSIRO; the CPI and the FAO/IBPGR arid zone hardwoods; or the CATIE



Central American hardwoods), there have been no systematic attempts to
collect material for conservstion as opposed to evaluation in emall 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 species. To determine the

minioua areas of forest to conserve adequate numbers of individuals in

situ requires knowledge of the reproductive biology, ecology, pattern of

distribution and genetic variance of the epecies.

For both exotic industrial and multipurpose plantationa, species and
population conservation is more important than ecosystem conservation. If
desirable species and populatiocns 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 (1973) 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) Retention: gene frequencier (no distortions to breeding
, pattern) '

(e) Conservation: longterm security (low emergy input)

Further, Thompason (1979) considered the following conditions ehould be
avolded in collectjons 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 enthusiusms, cultivation
in glagshouses, etc).

Methods of ex situ conservation

Ex Bitu conservation can be done by agencies with an interest in the
species and 1in areas vwhere 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
congervation stande which themselves continually evolve (see Roche, 1975).
Appropriate techniques for these four methods are not known for many
multipurpose trees and for sore may require considerable research (esge
species with recalcitrant seed - see King and Roberts, 1979).

SEED STORAGE

Seeds may be stored over loug 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



(see ISTA, 1976; USDA, 1974). 1In the absence of researched methode for g
given specles, those appropriate to the species that 1s nearest taxo-
nomically and environmentally should be adopted. Meanwhile considerable
research is required to ensure the longest 1life and greatest germination
of valuable seedlots and IUFRO Project Group P2.04-00 should be abie to
stimulate and coordinate such work. A survey of equipment and supplies
for seed testing was published by ISTA (1982). In the circlar
questionnaire discussed below (under Germplasm demand) there were reported
to be seed probleams in 50 cur of 100 species.,

DATA 2ANKING AND DISSEMINATION .

During the course of exploration and evaluation of a specles considerable
amounts of data accumilate both nationally by each country conducting
regsearch on the gpecies and internationally by agencies ccordinating
larger programmes. Such data are only useful if analysed correctly and
the results disseminated. They should also be stored in accessible form

for future use. In too wmany countries forestry research data are
collected, filed away and forgotten 80 that the next generation of
researchers attempts to rediscover the wheel; a review of ‘existing

information should always precede new regearch.

As the numbers of species, institutions and experiments increase, this
problem of data management escsalates. Fortunately we live in a period of
rapid development and lowering of prices of computers but it is desirable
to ensure that datz mansgement systems are compatible among those dealing
with multipurpose trees. Fortable microcomputers can now be linked by
ground or satellite telephone systems and data exchanged easily.

The results of research should be published 1in recognieed journals and
compiled eventually 1in bibliographies and monographs (see Appendix 11b)
which are themselves noted by the abstracting and information services
described earlier. '

r
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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
meny references examined gave any indication of the supply and demand
situation.

The commendable enthusiasm of international, governmental and non~
governmental organizations to establish trees 1in 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
suificlent 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 provensnces. Either of these can
cause dissatisfaction and disillusionment in government planners and
administrators ags well as in the rural populations themselves. The Annex
to this document prepared by Turnbull wuses 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 wmultipurpose tree species through
publications and the sponsorship of meetinge or development projects to
have an equal commitment to support seed collection sctivities to satisfy
the demand they create.

Current annual planting rates are approximately 1 million he of 1industrisl
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 (i.e. 5 million ha per year) to meet
predicted deficits of wood products and to reforest degraded land. China
will plant 1 - 2 million ha annually to meet established targets for
industrial and domestic wood and Brazil 1s currently planting
approximately 0.2 million ha (see Turnbull, :982, =and Annex to this
Workshop). o

Most of thege 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 Eurcvpe) and clearly large
quantities are involved. Since the number of species is so large and seed
size 18 so variable 1t is not poseible to predict precisely the seed
weight for each species. However, conservative estimates of global needs
exceed 100 tons of coniferous sced 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 eize 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 1is mnatural forest 4in the country of origin, e,



Eucalypts dunnii (restricted natural distrlbution),_g. camaldulensig (the
remote Petford population) or Acacia mangium (remote natural atands and
difficult geed extraction). Por these and others of the 1300 potential
species of Acacla, Caguarina, Eucalyptus, Grevillea and Melaleuca there
will be difficulty in meeting demands in the short term even with the well
organised seed collection Bervices in Australia.

In preparing for this Workshop a queetionnaire was circulated to 200 heads
of tropical forest departments and research institutions, and individuails
(tree breeders and silviculturists) to seek information on their national
use of wmultipurpose trees. Forty-two replies were received and 160
species were nominated (see Appendix 1B). Of these 50 were mentioned by
the Australian respondent as having potential elsewhere as exotics but
without estimates of demand. Of the remaining 110 species seed supply was
considered adequate for only 71; for 26 the supplies were considered
definitely inadequate. These 42 regponses are obviously not fullv
representsative of all countries, organizations or species but they begin
to give an indication of the problems that 1lie ahead. (Although the
responses to the questionnaire were of variable quality 1t appears that
the following uses of species are claimed:~ firewood 110, charcoal 41,
fodder 26, fruit 47, shelter 115, soil protection 57 and soll improvement
35.)

SUPPLY

FAO maintaiag a directory of tree seed suppliers (FAO, 1975). In its 1961
edition the directory consisted of over 400 pages listing a number of
suppliers for each species. Since then the volumes of exchange and trade

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

Lists of suppliers of #eed of legumes are maintained by the USDA and NFTA
while suppliers of Australian species are listed by Turnbull in the Annex
for this Workshop,. .A novel approach to keeping up~to-date and
disseminating information on seed suppliers was adopted by BRenge (1982);
his report consists of photocopies of letters and/or letterheads together
with current catalogues and, as suppliers increase or go out of business
or change species, new information can be supplied in loose-leaf form.

While all the agencies and organizations promoting tree planting need to
be aware of seed suppliers, National Seed Coordinating Centrea need to be
avare of the worldwide interest {n non-industrial sgpecies and the
necessity of good certification and health procedures (see below).

LEGAL REQUIREMENTS

Where the movement of exotic species from one country to another is
desired, two aspects benefit frop legal instruments - certification and
plant quarantine. 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 wusually implies documentation by formal written
certificate. As commonly used in forestry it refers to seed certification
(although the OECD, 1974, schzme refers to all reproductive material and
hence to all germplasm) and it 18 an official statement that a seed lot
conforms to certain stsndards 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) congiderably
wore information is required for evaluation than {is required by the OECD
or most national Beed certification schemes.

The OECD scheme 13 open on a voluntary basis to all member countries of
OECD or the United Nations and its specialised agencies. However, few
countries outside Furope 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 and
Forest 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 epecies itself
but may apply to indigenous crops; for example, Pinus caribaea seed may
not be imported to Malaysia from Central Americe because it grows in
association with oaks which are the alternative host to South American
leaf blight (Dothidella ulei)} which could virtually wipe out the
Malaysian rubber industry.

The wajor 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 movenents between European Common Market countriles, whole living
plants may rarely be moved internationally. Import of soil is prohibited
except for research purposes in which case the importer 18 usually
required to certify ‘the soil will be heat aterilised after the research.

Regulations may entail any of the following:s~

(a) Specific prohibition

(b) Specific prohibition with exceptions for scientific purposes
(¢) Quarantine procedures required

(d) Treatment on arrival

(e) 1Inspection on arrival

(f) Permit required

(g8) Phytosanitary certificate and/or certificate or origin required
(h) Various treatments and inspection before dispatch

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

An 1internstional plant protection convention ({IPPC) was established in
1951 and has been ratified by 80 countries. Regional organisatiouns also
exist (see Ivory, 1983). Most countries have established national Plant



Protection Authorities as have some States within federal countries (e.g.
Australia, USA). The regulations of all these agencles control the import
but rarely the export of germplasm; dorors, scientists and commercial
suppliers should be fully aware of the plant health regulations in the
importing country.

PLACE OF VEGETATIVE PROPAGATION

Tissue culture was mentioned sbove as a valusble means of minimising the
risks of germplasn transfer (see particularly Kahn, 1979b). For
internally seed~borne pathogens embryo culture combined with micro-
biological asgay and virus indexing offer a useful technique. For virug-
infected material heat therapy of shoot tip cultures may be combined with
virus indexing. '

Tissue culture would alsc be valuable for genetic conservation as long as
the in-culture mutetion rate 18 not high. Such gene pools can be
propagated and waintained in several locations for security. Techniques
and problems of tigsue culture storage for genetic comservation were
reviewed by Withers (1980).

Easily perishable plant material and species with difficulties of seed
collection, storage or germination could also benefit from tigsue calturc.
However, techniques of organ, embryo, tissue or cell culture have been
evaluated for only & few tree species (e.g. oil palm, Unilever Company,
England; teask aud sandal 1ip Indla; Douglas fir and some pine species,
Weyerhauser Company, USA; Maritime pine, AFOCFL, France; some eucalypt
species by several workers in Australia and USA; Progopis species,

Dr P. Felker, Texas A and J University, USA; rubber in China (see Han and
Qiquan, 1981) and many North American species but not on the commercial
ecale (Brown, 1981). Techniques and poesibilities for tissue culture in
forestry were described in Bongz and Durzan (1982). A review of the
global potential for plant cell and tissue culture was conducted by a4
Working group of the National Research Council (NRC, 1982). It identiffed
eight research areas as prospects for near~term, mid-teru, and loung~term
applications of plant cell and tissue culture techniques:-

Near-term (many new applications possible now or within 5 years)
Cleonal propagation
Disease elimination
Germplasm exchange
sene transfer by wide hybridization

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

Varfant selectien (including somaclonal selection)
Production of haploids

Long-term (plant improvement apslications unlikely for at least
10 ~ 15 years)

Secondary natural products
Molecular genetic engineering in plants.

Al
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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 seed

orchards) and in commercial afforestation (e-g+ eucalypts in Brazil and
Congo). 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 speciles
and in many countries (sce e.g. Wright, 1976). An indication of the 8scope
may be obtained from:- the Proceedings of three FAO/IUFRO World Consult-
ations of Tcrust Tree Breeding in 1963, 1969 and 1977 published by FAO;
the many papers in 33 volumes of Silvae Genetica; the Proceedings of three
meetings of IUFRO Working Party $2.03-01 (Breeding tropical sapecies) in
1972, 1973 and 1977 published by CFI, Oxford; and many other published
articles. Recommendations have been made for tropical breeding strategies
under varying resource constraints (Namkoong et al., 1979) and Burley
(1980) reviewed the problems and possibilities for generic improvement of
species for community forestry and individual smallholder planting. In
addition to many eucalypts, specific cases of multipurpose trees have been
treated inter slia by Brewbaker (1982, Leucaena in Haweii), Leakey et al.
(1982, Triploctiton in West Africa), Wattle Research Institute (1982,
Acacia in South Africa). For ratlonal and efficient breeding strategies,
information 1s required on the extent and pattern of natural genetin
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 in
this document. Three main problems arise in breeding multipurpose trees
in comparison with traditional induetrial trees. Firstly the bases of
genetic material and genetic information are restricted; meny existing
trees and plantations have been derived from parents of unknown origin or
ancestry.

Secondly, the breeding of any crop for multiple characteristies 1is
difficult in three aspects:- For a given selection intensity the rate of
improvement of any one trait declines as additional characters are
included; the derivation of selection indices 18 complex mathematically;
techniques are not well developed for rapid assassment and large~scale
screening of some traits.

Thirdly, the materia) must be bred for a range of environments and
management conditions, j.e. it must be robust and stable without showing
genotype-environment interaction effects.

Over all these problems 1lies the common constraint of 1inadequate
professional and technical staff. Conpiderable enhanceuent of national
capabilities 1is required and strategies should be developed for resource
sharing through internationally coordinated breeding pools and programmes.
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ELEMENTS OF POSSIBLE STRATEGIES IN MEETING INTERNATIONAL
NEEDS FOR MULTIPURPOSE TREE GERMPLASM

It {s not the purpose of this document 2o propose satrategies; that-is the
vbject of the Workshop. However, it may be useful here to indicate some
considerations to be borne in mind and some poesible lines of action.
Eventually any increased activity depends on more staff, skill, equipment
and hence money.  The follewing provides a checklist of opportunities for
investing limited resources.

NATIONAL AND INTFRNATIONAL PROGRAMMES

It is genersily recognized that emphasis should be given to strengthening
r1. toral capabilities and not to creating new international imscitutions
(Morld Rank and FAD, 1981). Rowever the wvalue of internationally
coordinated activities in exploration and evaluation can not be over—
stressed (e.y. FAD, IBPGR, CFI, CSIRO, NAS, NFTA).

TJIRNING AND NETWORKS

Where 2 major {nternstional programme is 1impossible or inappropriate,
tvinning between two or more institutions with a common interest (species,
technigue or product) may economise on financial or skill resources. The
-oordination of such networks could be an activity of the proposed IUFRO
wchnlcal secretariat or of existing agencies guch as FAO and ICRAF.

CROUPIRG OF ACTIVITIES BY PLANT TYPE, SPECIES, GEOGRAPHY OR FNVIRONMENT
The Ritrogen Fixing Tree Association 18 an excellent example of a group of
irctitutions and individuals woirking on 8 common set of species. The Neem
Tree Irsvitute 1s an example of single species concentration (see T
liuwansicl, 1981). The FAO/IBPGR project 1s an equivalent exzmple of
arts:kine a problem at the level of an environmental type (arid zone).
Lor mary potenticl species occur together within a country or region a
geographic concentration of effort way be preferred (e.g. CATIE and CFI
collecting meny specles in Central America). With such large numbers of
mltijurposc trees available, setting priorities for different
environuante is a major imperative. The special case of forage shrubs in
arid zones needs particular group attention (see e.g. Goodin and Mckell,
1971, Mckell, 1975).

T.XOROMT Ty EVALUATION

hdequric  exploration requires taxonomic study 1in the natural range.
Texonom!c support 18 s&lso needed at the evaluation stage in exotic
conditione, Good collaboration ie required between staff in herbaria
g .-7 or New York Botanic Gardens) and foresters or sgriculturists
m king field collections or assessments; some subcontracting of research
mey be cparopriate, e.g. biochemical analysis.

LSSESSHENT

The TCRAF/RAS/CPYI manual now 1in preparation describes a large number of
chéracters that may be of interest in evaluating multipurpose trees.
Revearch 18 needed on some of these to determine standardised methods of
2mcesswent (g.g. follage production or chemical content). Research i1s
aley necded to determine the applicability of growth chambers or other
coatrolled  environments to ueasuring juvenile characters that are
correieted with mature characters in the field and that permit early
¢valuation.
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DATA AND INFORMATION MANAGEMENT
Consideration should be given to the development cf standard formats for
data collection and compatible methods of 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 ccmpilation 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.

CONSERVATION .
For the major species of interest efforts must be made to 1identify and

conserve populations threatened with genetic improverishment, and to
determine optimum strategies and funding for their genetic conservation
whether in situ or ex situ. The latter may require development of storage
methods for seed, pollen and/or tissue cultures (e.g. various IUFRO
regearch groups or specialised centres).

INVENTORY OF ACTIVITIES

While the present document indicates the wide range of species and
products available together with the future needs in terms of areas and
numbers of trees, {1t is clearly not an exhaustive 1list of current
activities. Such an inventory of institutions, their activities, thetr
principal wspecies and products, and their available information 1s
desirable to publicise current knowledge and to minimise unnecessary
duplication of research. Thez compilation and maintenance of the inventory
would be done by expanding current organizations such as FAO, ICRAF, ITUFRO
Secretariat or NFTA. IBPGR already publishes dfirectories of geruplasm
collections for 1its major crops (see e.g. Williams and Damania, 1981, for

cacao, coconut, pepper, agugarcane 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 ahove, there is a need for additional staff and specialised
training that can be offered by traditional university courses and by
wodern in-service training and short courses. The latter are particularly
valuable for countries or departments with limited professional and
technical 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 TUFRO and other appropriate meetings.

GERMPLASM SUPPLY AND DEMAND

The literature reviewed for this gstudy and the questionnaire distributed
for it did not obtain meaningful data on global seed requirements. A more
intensive survey is required which may be organised on a regional hasis
oiice major specles of widespread application are identified. Similarly
lists of suppliers are required. Consideration should be given to the
creation of national and international seed banks.

QUARANTINE AND SEED CERTIFICATION
International agreements and rules exist but are not fully applied in
tropical countries. The Workshop should consider means of publishing the

benefits and encouraging/enforcing the use of such instruments.

Y \\ .
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CLONAL PROPAGATION

Organizations currently researching on rooted cuttings should be
encouraged to expand their choice of species to d{oclude multipurpose
trees. -
GENETIC IMPROVEMENT

Once species of major importance have been identified, assistance should
be given to national institutions in developing breeding programmes.
Strategles must be developed for international cooperation in pooling
improved genetic resources.

i)



Table 1. Saurces of lists of multipurpose speciss

Authors

Rayey

Camacho
FAO/IBRD

Kotviato

Laurie

FAO/IBPGR

von Maydell
Delwsulle

Coor & Barney
Brewbaker

et sl.
Vergars
NAS
Burley

Boland and
Turnbull

Lavoie
Hebb et o1,
Edvards
Barrow
Ovino

NAS

Lessard and
Chouinard

Varoah and
Pant

Le HouZrou

Johnson

IDRC
“hitmore
Railiday and
Nakao

Brewbaker and
Styles

Okafor
Kessler

Date

(1982)

(1981)
(1978)

(1979)

(1574)

(1977)

(1978)

(1980)

(1981)
(1979)

(1976)
(1981}
(1980)

(1980)
(19809,

(1981)
(1981)
(1979)

(1983)
(1983)
(1383

(1982)

(1980)

(1981)

(1980)

{198))

(1979)

(1980)

(1982)

(1982)

(1980)
(1981)

Scope

Eight aite types fn
Hondurag

Costa Rica
Nepal
Asia-Pacific region

African savannahs
Subdensert
Dry trojpical

Sen! humid tropical
Rueid and equatorial

Lowland tropical
hardwoods

Arid and saline

Arid and semi.arid

Sahel
Dry tropical Africa

Arid

Tropical legumes fn
agroforestry

Glodal firewood

Energy bionass

Global multipurpose

Malavi mulcipurpose
Kenya multipurpose

Kenya nitrogen fixing

and eusltipurpose
Sahel

Barboos

BArowse speciesn,
Morth Africe

Palas

Rattans

Many groups snd
purposes

Legunes

Nitrogen-fixing trees

Food and fodder,digeris

Fodder, Nepal

No. of gencra
or_species

30 spectes
21l genera

68 species

9) species

5 geners trees
4 genera bsaboos

Appendix

fia

“eb

2 agric. industrial woody spp.

13 potential untested spp.

10 spectes, § genera

9 species, 6 genera

19 species, 6 geaera
1) specles, 7 genera

2) species,
14 genera

45 indigenouz tree apecies
53 introduced tree mpecies

65 1odigenous
24 introduced

13 species, 4 genera

116 apecies

63 species, 43 genera

53 species

26 species, 12 genera

60 species selecred list

650 source list

}

{11 species and genera

31 genera, 288 species

180 species

66 species and/or genera

57 species

53 species, 4 genera

54 species

43 species, Malaysia
22 specties, lndonestia
Many apecies, A-F region

Hany gpecies, India

34 specien

¢ species domesticated
19 species incipient

domest ication

Various species for
Asian countries

1000 species

&) spacies "A" liat
30 spacies "3" list

51 especies ]
24 specles

e/

shrubs end cover

8t
8g
8h

81

83

8k

41

8n

Yorkshop
Annex

8

8r



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 dats bases)

1 2 3 4 3 & z 8
A B C D E A B C
Natural range
Species natural distribution J v J v N v v oY v/ v
Population variation J v v v v v v v J
Species taxonomy : v J v v v v v J
Physical exploration
(map, seed, herbarium, samples, etc.) J v v v v
Conservation J J
Exotic conditions
Seed/fruit problems J v v v v v v v
Seed/fruit needs v v v v v v
Environment where planted v J J v v v J/
Trials of species J v N v J v v J J
Trials of populations J v J N J/ v v J/
Growth and yield of products J v J J v v v v v J
Other benefits J J J J J v v J J J
Technical properties v J J v v J v
Managerial characters v N/ v v v v
Conservation v J v
Breeding
Published and “grey" literature
Publications of manuals, monographs, J v v v v J J v
bibliographies, abstract services, :
reviews
Education and Training J J v o/ J
Arboretunm 4. Hationsl institutions S. Internationa! institutions
A, Seed bank . A. Rescarch institucte e.g. CIAT, IITA R, IUFRO
Herbarium 5. Forest d~pariment B. Regional organization e.g. CATIE
c. Regearch Tnstitute C. Specialised organization &.8. FAO,ICRAF, UNU
Ayiarium D.  University
E. International suppor: programme 6. Donor agencies ¢.5. ADB, IDLB, wB,bilsterajs
€.8. ANU, CFl. CTFT, 1S, TP) ’ . , .
- 7. Recogniged information /documentation secvices
e.n. ACRIS, Cri, CATYE, 1CRAF —

— & = _
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Table 3. Planned and completed provenance coilections [978-82 (FAO/IBPGK)

Source: FAO (198ic)
COWNTRY SPIIES QOBSERVATIONS
Austrulila Pucalyptus casaldulenais Dehnh. _/ 1! new provenances oollected for pro jeat
_vith spveful emphszis on axid sones.
L. wtorotheps P. Nuall. 1/ T) aexdlots, qrouped ints 71 “provenance
Arouwpe” for first-etage avaluation ascorde
tng to climatio conditiane.
Acaocla answa P, Nusll, ax Beath. "3 provenances callscied by sarly 1980 ;
)
Catle Aceala oavan Nol.
Avriplax repsande Phil,
Prosopie tamarugo P, Pnilippt
Prosopie spp. ("A}gurrobo”) Xay inolude several apecias, P, alacessneia,
P. atitcuastrus, P, chilenata, P, Surkartty,
Indte 40s01a nilotica (L.) Willd. ex Del, sep., trdica/var. vedlana
VRr. AL uesontis
var., ouwpressiforale
4s senegal (L) willa, “land Race™
ds tortilie Hayna “land Rada™} acotrilng o sose seurvas
say 1o foot be A, reidlena favi,
Prosapls otnersria (L) Druce
(exn. P. spiolgera L)
Larasl 4oania albide Dsl,
A. raddiana Sevy
' [(m. 4. tortilis (Porek) Hayne asp,
raddians (Sevi) Breman)
A %ortilis Hayne
[(m. d. W Tlts (Porak) Hoagme asp.
tortilie (Hayne) Brecan)
Rexive Atriplax oanvadens
Prosopts spp. ("Resquite®) Nay inolwie severnl apeoies, P, juliflorag
F. glandulcss, P. alda, P. Serreyana.
Propopte spp. ("4)gurvote™) fay tnelude severul spectles, P. shilensia,
Porn Po 1lmensis, P. Suliflors,
Secsgul Acacia alblia Dal. var. edanaonit
A, nidotice (Lo} VI7M4, ex, Del,
& reddiens Savi
A. asnegal (L.] wilnd,
A, tortilte Hayne
Sulan Aoaoie pilotios (L.) ¥illd, ax. Del. ssp, nilottas
eap, lesentoas
asp. satringens
Assote teriilis
FIR Yemen Precopie etaererie (L.) Druse
doacie alletiem (L, )VWL114, ex. D2, *Llend Rane”
4. senegul (L.) Willd,
4. tortilis Haynes

y Colleotions eenpleted and dtlatribwied for evalwation,

v
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Table 1,1
Regrension of Tropical Moist Forests
‘SUBCONTIRENT holet fovept Slgint dorest fogressiun s
Chnaz ares astusl arse  Regrussien pursentage of
oy aree
.......... miltion hectares. .........
East Alrica 25 7 18 T20
Central Aftica 69 149 120 440
Weat Alrica 63 19 49 720
TOTAL
AFRICA ‘ 382 175 187 81.6
South Americk 750 a2 s A
Central
Amaerica L4 M 19 5.2
TOTAL LATIN
AMERICA 803 08 297 17.0
Pacitic Region 48 » 12 250
South Ezst
Asta. 302 187 ns .1
South Asla as 31 54 35
TOTAL ASIA 433 254 181 ° 4t6
TOTAL
WORLD 1000 833 683 41.8
Source: Sommer (1976)

Teble 1,2 Tropical Lands Recently Undergoing Severe I)ese'r:f.i.!.‘:i.c:ation‘l
and Estimated Annual Rates_of Desertification2 (ha x 103)

Region Total Desertified Area lLand Type Desertification p.s.
Latin America 701.'800 Irrigated Land 500
Africa 685,000 Range 18,000
India & Pakistan 170,900 Rain-fed Crop Land 2,000
1,556,800 20,500
Sources: 1. UN (1978) .

2.  Dregne (1980) £



able .,3

Region Logged Forest Deforested Desertified All Lands

Forests Pallow - Vatersheds 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 29,847 56,567 56,500 170,000 . 342,934
156,182 181,044 87,000 1,556,800 1,981,026
Sources: FAO (1981a), UN (1978)

1. Almost 90% of these are tropical moist forests (TRF + TMDF)
2. All are in tropical moist forest areas (TRF + TMDF)
3. MF. 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)

-ogged
forest

Fallow
lands

Watersheds

Areas of
desert-
ificarion

Line planting
Enrichment

Dense planting
Assisted regeneration
Conservation

Taungya

Taungya

Dense planting
Assisted regeneration
Conservation

Social forestry

Dense planting
Sociai forestry
Conservation

lountains

Run off irrigation
Full irrigation
Social forestry

Rain fed plantetions
Dune planting
Congeruatian

Latin
America
Area (mha)
2(53 mha)
10 5.3
15 8
5 2.7
60 31.8
10 5.3
(66 mha)

A

5 3.3
20 13.2
10 6.6
0 -
65 42.9
(28 mha)
2

10 2.8
10 2.8
80 22.4
(702 mha)
Z

t0 70.2
0 -
{] -
0 -
20 140 .4
o -
70 491 .4

Z
20
30
20

5
5
20

40
10
20
25

Z

30
20
S0

b 4
4
5
]

20
15

5
50

Africa
Area (mha)
(43 wha)

(€85 mha)

Asia

Area (mha)
z(60 mha)

L5 9
10 6
1S 9
30 18
10 6
20 12

(57 mha)

4

30 17.1
35 20.0
S 2.9
0 -
30 17.1

(57 mha)

p 4
30 17.1
50 28.5
20 11.4
(170 mha)

A

S 8.5
5 8.5
S 8.5
60 102.0
0 -
5 8.5
20 34.0

ropical lands With Potential For Reforestation (ha x 107) ¢

—

h



Appendix 2 46

Areas of the Tropics with Fuelwood Deficits, 1980 and 2000

( Deficit 5) & Equivalent Plant- 3)
‘(million m ation Arealha x 10
Africa 1980 2000 -
Acute Scarcity (1) Arid areas -6 1200 - ~10 2000
| (11) Montane/island areas -40 8000 =70 14000
Deficit (1) Savanna areas =66 6600 -185 18500
(41) High forest - -5 250
=112 15800 270 34750

Latin America

Acute Scarcity (i) Andean plateau =2 400 -4 800
(11) Arid vest s, America -9 1800 -15 3000
& densely populated
axeas :
Deficit (1)  Populated Semi-Arid =36 7200 -117 23400
areas & Andean sone v
Vi 9400 " =136 27200
Azie
Acute Scarcity (1) Montane aress ~38 7600 =60 12000
(mainly Himelayas)
Deficit (1) Plaine ~90 9000 ~146 1460C
" {mainly Indo-Ganges)
(11) Plains & Islands in -120 6000 ~265 13200
S.E, Asia
(1i1) Other areas with fast - -48 3200
growing populations
~248 22600 =519 43000
ALL TROPICS =407 47800 =925 104950

Source:  FAO (1981%) and Wood et al,(1982)

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

(Pe109foazd) wnuue zad Gg-1gg6;
UOTIVISAIOIIV JO 93vwYy afwxaay

(suyd 11V) wnuue xad 08-9.61
UOT3®3IBIIOFIV JO 338y 28sIday

SUOT}BIUBT TETI}SNpPUT=UON

soydoxy prumy ayj uy suoT3vlUBg
POOAPI®H T®II38npul 8p8In yITy

@o7doxy pyany eqj uy
SUOTIVIUBTJ POOADPINH TBTI3enpuj

ha x 10

BUOTIV{UBTJ DPOOAPI®H [wiIysnpul

SUOTIRIURTJ T®FI3sapUT

Areas of Tropical Forest Plantations 1980

SUOT1®IUTL TV

996 456 345 203 7835 93 126
1,175 1,609 419

3,502 2,896

1,779
5,111

Africa

438
535

922 1,099

1,103

Asia

410

66 2,052

997 397
112910 7,066 4,349 2,517 1,372 4,444

4,620 2,568

Latin America

c8

11 Tr

FAO (1981a) and Wood et al, (1982)

Source:

\
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Appendix 4

proteclion

Ccology and

Conirotled tunol,
water supphies,
wrigation, 3o (ertitity
orygen

Ecologica! effects

wildlile conservatior

s i

Soil erosion

Recreation, lourism,
nonal parks, profecon
of ¢endangered species of
flora and fauns

control

Windtbreaks, sheller befts,
dune firation, ceclamalicn
of eroded lands

Fuelwood and charcod!

Taghing, heating. ang
household gses

Agricultural uses

Shilting cultivation, fores!
grating, nitrogen fixation,
mulches, fruils and ruls

Building poles

Housing, buildings,
consliuction, fencing,
furmiture

Pit sawing and

Indigenous consumplion

sawmiiling

Jotnery, futniluie,
construction, {3rm buildings

Weaving malerials

Sericulture,

Ropes and stiing,

baskele, furnifure,

furnishings

apiculture, ericulture

Silk, honey, war, lac

Speci2! woods and

ashes

Catving, incense,
chemicals, glassmaking

Gums, resing, and

Naval stores, tannin,
tutpentine, distitlaies,

Industrial uses

oils tesin, essential oils
L . Reduclion apent for steel-
=t Charcoa! making, chemicals, polyvinyl
thloride (PVC), dry cells
Pol Transmission poles,
ofes pilprops
Lumber, joinery, lurniture,
Sawlogs packeng, shipbuild:ng, mining,

construction, sieepers

—1 Veneer logs

Piywood, veneer furniture,
conlainers, construction

Ncwsprint, paperboard,
printing and writing paper,
containers, pachaging,

Pulpwood
dissolving pulp, distitlates,
{extiles and cicthing
. Particle beard, fiberboard,
—] Residues waslepaper

Source: World Bank (1978)
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FORESTRY RESEARCH NEEDS IN DEVELOPING COUN&RIES

(Source: World Bank and FAO, 1981)

This ig an 'indicativa' and ‘non-comprehensive' listing cf research priorities.
The topics identified are given as exanpleg of the likely main ereas of con-
cern in the coming decads.

(1) Forestry in relation to sgriculeure and rural developmant

(A) Sociological aund insticutional resesrch

1.
2.
3.
&,
3.
6.
7.
8.
9.
10.

Knowledge of tha nstural enviromment by forest societies

Duta on the infrastzucture of human societies in the forests
Deternination of perceived role of trem and forescs in rural velfare
Origin and solutlon of conflicts for land

Determination of &ccaptability and response to innovative systems
Definition znd testing of incentives to incorporate trees
Guidelines for projact preparacion

Extunsion maethods

lastitucional aspacts

Economic returns from alternative farming systems

incorporating trees

(B) Farming syscems using treas

i.

2.
3.
4.
50
6.
7.
80
9-
10.
11.
‘12

14,

15.

13..

Effects and systems of intercropping, including snizals;
identificacion of potential agro-forest combinations
Mycorrhizal and othar microbiclogical ralsations

Mulching affects on soil chemistry and structure

Luzpact on roil fertilicy of burning manure and crop residues
Ground preparation (especially arid and degraded sites) .
Soil nutrients (especislly nitrogen and phosphorus, salinity)
Moisture relacions '

Irrigacion

Sand dune stabil’zacion -

Shelterbelts

Choice of species and provenance

Seed collection, storags, teasting zomztion, cerzification
Stlvigultural trestment (coppicicg, pollarding)

Vegetacive propagation

Potantial of tree bresding

(C) Watersheds (catchzmancs) end range managenent

1.
2.
3.

L-
£

o e
6'
o
o

8.

9.
10.
1.

Faraing svecems appropriate for upland araas
dlteraatives for fodder production on and off farms
Inprovemant of alpine pasture lands

Impact of land use ca water yiald, quality and ciaiag
Izmpact on stream flow paczerns of saifsiag culcivacion
Cost and effactiveness of watershed msnzgezent
Deteraination of run-off rates and sediment vield
Carrying capacity and grazing comsrol to zaxinize rasge
production

Least cost approactes to range ‘mprovement

Improvement of savannah range lands

Zzprovesent of arid zone range .ands
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Appendix 5
Page 2

Hilalife in relation to rural welfare

1. Ecological monitoring of anima] habitats

2. Anima) Population dymamics )

3. Socioceconomic aspects of the place of aninal products
in rural life

\i1) Forestry in telacion o _energy production and use

(A) Silviculture of bilomass/fuelwood specles and systems

(8)

()

(D)

(E)

XY™

Choice of species and Provenance

Tree breeding '

Seed rescarch

Vegetative pPropagition, tissue culture, celli genetics
Ground praparation methods

Silvicultural methods

Pests and diseases

Fire control Systems

ffect of repeated cropping on soil

Yield, barvesting and properties

VDN oOwm e W
L] - . - .

Yield assessment
Harvesting and transport mathods
Density and calorific valye
Chemical content

WD N e
* o o+ o

Industrial Tesearch related to village tcchnology.

1. Improved stove and crematorium design

2. Improvad fuelwood and charcoal Preparation methodg

3. Small-geale Crop processors, genarators, wood pregervation
4. Use of residues .

Comparison with alternative fuels (social, technical ang
econonic afficiency)

Wood-based derivativas

1. Pyrolysis
2. Gasificarion
ki

2. Pelletization
4. Methanol, ethanol and liquid fuel technology

111) Hnnagemeut and congervacion of exilting resources (mainly natural

forests}

(A) Resource survey

1. Land use planning methods

2. Soil and land yse survey and evaluation

3. Land mapping according to the ecological potential to
tustain population.

Monitoring changes of forest arez

Inventories of accessible natural foresc

LU T 0N
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Paje 3
Conservation )
. 1. Methods cto identify and quantify unique biotic
associacions
2. Methods to conserve genetic resources and ecosyscans
3. DMonitoring changes within ecosystens zad species
4. Policy and legal aspects of consarvacion
3. Underlying ecological and biologiczl procasses

Silvicultural syscams for aatursl forascs

1.

2.
3.
4.

Bioclogical limitations to the transformarion of
tropical forast scosystems

Impact of different typas of utilization
Natural regeneratinn

Artificial enrichment

Whols tras u:e

l.
2.
3.

Harvesting
Utilization
Effacts on size

Use and zarkating of secondary species

1.
z.
3.

laventory
Properciass
Information and axarket intelligence

Wood preservation

Industrial forescry

(A) .Stiviculture and unuunn:.

1.
2.
3-

Choice of species and provenance

Sesd collection, storage, testing, zonaticn, cercificacion
Vegecative propagacion, cissue culture, cell genacics
Tree breaeding

Ground preparation

Spacing, weeding, thinning, pruniag

Fertilization and soil nutrients

Mycorchizal and microbial ralations

Integrated pest management

Fire control syscems

(3) Wood properties

l.
2.
3.
‘l
5.

Anatomical
Chemical
Ptyeical/mechanical
2ulp, paper, boards

Ccaposizas

/‘:
\i*
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Appendix 7

Definitions of terms associated with social foresat
(Based on Burley and Wood, 1983)

Social forestry can legitimately be applied to almost any type of
forestry since some social benefits (employment, export earnings, etc.)
may be obtained from even the most commercialised and industrialised
production system. It 18 wmore generally applied, however, to
enterprises conducted at a smaller scale, in which industrial timber
production 1is usually not the sole objective and in which the benefits
to the community are more tangible than such shadow-priced values.

Social forestry includes community forestry in which the planning,
establishment, management, harvesting and marketing of forests, treee
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 community rather than individuale. It
8180 includes farm forestry in which individual land owners (encouraged
by training, extension programmes, demonstrations and incentives) plant
trees in farm woodlots, contour or boundary 1lines, or intermixed with
agricultural crops.

Strip planting (referred to 4n India as extension forestry) 1is also
included in social forestry eand refers most commonly to the planting of
trees on the sides of roads, railways and canals.

Recreation and amenity forestry refers to the creation and maintenance
of trees end forests for specialised recreational use or improvement of
local amenity. Their value 1s difficult to quantify and they are more
common 1in more developed economies where they have clear social
benefits.

Rehabilitation forestry concerns degraded forests and moils and it may
have both direct productive benefits and indirect social benefits (e.g.
releasing more land for agriculture, renewing supplies for 1local
industry, improving dry season grazing, reducing soil loss, etc.)

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

- r

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

Agroforestry, embracing agrisilviculture and perhaps better called "land
husbandry"” (Stewart, 1981), is a collective term for systems of land
managenent and technologies that incorporate mixtures of annual and
perennial crops and animals (which may range from insects to mammalg) in
either space or time for sustained production with menagement practices
that are compatible with local culture. (For further definitions of
agroforestry see ICRAF, 1979; Anon., 1982; Lundgren, 1982.)

It 18 most unfortunate that in many countries the term has been taken to
be synonymous with either social forestry or farm forestry (e.g. India;
see National Commission on Agriculture, 1976; Joshti, 1982).
Agroforestcy is only one set of land management systems perallel with
pure agricultural or pure silvicultural systems according to whether it
is appropriate or inappropriate to local environmental and social
conditions and it may or may not be used in social forestry.



Aptitud para las Principales zo- | Calidad de la ma-
nas de vida ( 1) dera ( 2 )
ESPiCIE FAMILIA
bh~|bs- |bms-bmh-bh-[bs- |bh~ |bmh-
T T T P P P | MB| MB Lc JAs {Po ! Ch | Pu
Acacin auniculs formis Leguminosae x| x x +| o +
Albizia falcata Lequminosae x X o +1 +
Afbizia RLebbeh Leguminosae x| x| x| x| x| x + | +
Alnus acuminata Betulaceae x % + 1 + +] 4
Azadirachta indica Meliaceae x| x +1 +| +
Calliandra calothynsus Leguminosae x| x x| x + ! 4
Casuarina equidetifelia Casuarinaceae xIox| x| x| x| x ++ | o+ o+ +
Condia allicdona Boraginaceae x! x| x + | 44 +
Enterolebium cyclecarpum Leguminosae | x! «x X.j x o| + +
Eucalypius ~amaldulensis Myntaceae x| x x| x ++ | of =+ o
Eucalypins citriodora Hyntaccae X x “+ 1+ + o
Fucalyptus grandis Myntaceae x| x; x {(++| o! +| ol +
Eucalyptus robusta Myrtaceae X x 24| 4+ + o
Eucalyptus saligna Myrtaceae x| x x +1 +] +] o] +
Eucalyptus tereticoandis Hyntaceae x| x xi X +]1 +! o o
Glinicidia sepium Leguninosae xI xl x| «x x} X ++ 1 o+ o+
Gnelina arborea Venbenaceae xl x x{ x o} + +| 0+
Grewillea nobusta Proteaceae | x| x| = +] 4+ +
Guazuna ulmifofia Stenculiaceae x| x| x| x| x ++ | 4+
Inga vena Leguminosae x| x x| ox +1 o
Leucaena Zeucocephala Leguminosae x{ x| x| % ++ | o] + +
Pinus candibaca var hondurensis | Pinaceae x| x x| x of +{ + +
Pinus maximinod Pinaceae x| x o! + 24
Pinus cocatpa Finaceae x x| x| x +] +) + +
Sesbania grandiglonra Leguninosae x| xl x o +
Suietenis macrophylla Mefiaceae x| x x| x ++ +
Tabebuia pentaphytla Bignoniaceae x| x x| x +1 + +
Tectona ghrandis Verbenaceae x| x x| x +]++] +] +
Terminalia {vorensis Combretaceae x x + +} o
Tevinalia superba Combretaceae x X + +! o
( 1) Véanse las observaciones sobre el 4 20 del formata, pigina
(2) 1 = Lef~ y/o carb3n ++ muy buena
As = Ase-rio + buena
Po = ©DPostes ¢ = regular, con limitaciones
- Ch = chapas, laminas
L Pu = Pulpa vara papel

(2861 ) 19neg Aq SeINpUOY U} UOTIBIE3I0Fal1 103 83109d8 JO u0T3IDATas

adeyg

Bg x1puaddy
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Species tested in Costa Rica

(Source: Camacho » 1981)
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NOMBRE COMON NQMBRE TECNICO

FAMILIA BOTANICA

Albizia Albigria fidcatarfa (L.) Fosberq. Mimosaceae
Jaul Alnue Acuainata(HBK) O. Ktze. Betulaceae
IEspavel Anacardium excelsuw (Bert Yy Balb) Anacardiaceae
Skeels
Ron=Ron Astronium graveslens Jacquin Anacardiaceae
Pochota Bombacopsis quinatum (Jacq) Dugand Bombacaceae
Jifdocuabe Bursera simaruba (L.) Sarg. Anacardiaceae
Marfa Calophyllum brasiliense Camb, Guttiferae
Cedro Macho Carapa guianensis Aubl Meliaceae
Casuarina Casuarina equisetifolia L. Casunrinacéae
Cedro amargo Cedrala maxicana Roem Meliaceae
. Cedro dulce Cedrela tonduzij C.pc. Meliaceae
Caiba Ceiba pentandra (L.) Goerth Bombacaceae
Laurel Cordia alliodora (Rulz y Pavén) Cham Boraginaceae
. Taurel vensrolano Cordia gpurenszs Boraginaceae
‘Ciprss Cupressus iusitanics Mill Cupressaceae
Ciprés macrocarpa Cupressus macrocarpa (Gord) Hartw. Cupressaceae
Primavera bistax donnel)-smithi i {Rose)
Seibert Bignoniaceac
Cooobola Dalberqgia retusa Hensl, Caesalpiniaceae
Malinche Delonix reqia (Bojer) Raf. Caesalpiniaceae
Papayillo Didywopanax mrototoni (Aubl) Dec Y
Planch Araliaceae
Guachipeifn Diphyse robinioides Benth Papilionacease
Chilexuelo brvmis gxapadensis L. Winteraceae
Guanacaste Enterolobium cyclocarpwn (Jack)Griseb rﬁnnsaceaé
Eucalypto Eucalyptus deglupta Blume Myrtacecae
Eucalypto Eucalyptus globulus Labill Myrtaceae
{“calypto Eucalyptus grandis Hillex Maiden Myrtaceae
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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 afborea Roxb Verbenaceae
Crevilia Grevillez robusta A. Cunn Proteaceae
Guacimo Guazuma ulmifolia Lum. Sterculiaceae
Guapinol Hymenaea courbaril L, Caesalpiniaceae
Jacaranda Jacaranda copaia (Aubl) D. Don Bignoniaceae
Jacaranda Jacadanda mimosifolii D. Don Bignoniaceae
Nogal Juglans o anchapum Standl. y Will. Juglandaceae
Ipil-Ipil Leucaena leucocephala (Lam.) de Wit. Mimosaceae
Mang Minguartia quianensis Aubl Olacaceae
Tobus Montanoa dumicola Klatt Compositae
Balsamo Myroxylon balsamum (L.) Harms Papilionaceae
Gavilan Pentaclethra macroloba (Wild) Ktze). Mimosaceae
Pino Pinus caribaea var. caribaea Pinaceae

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

(Britt) Standl.
Cenizaro Pithecolobium saman (Jack) Benth Mimosaceae
Cristobal Platimyscium pleiostachyum Donn Sm. Papili naceae
Cristobal Platimyscium pinnatum (Jack) Dugand Papilionaceae
Cipresillo Podocarpus oleifolius Don. Podocarpaceae
Quibra - Pseudolmedia spurea (Sw.)Gr%sebach. Moraceae
Encino Blanco Quercus seemannii sin. corrugata Fagaceae

Hooker
Gallinazo Schizolobium parahybum (Vell) Blake Caesalpiniaceae
Panami Sterculia apetala (Jack) Karst. Sterculiaceae
Vainillo Stryphnodendron excelsum Harms. Mimosaceae




57

Appendix 8a
Page 4 _

FAMILIA BOTANICA

- NOMBRE COMON NOMERE TECNICD
b —— —
Come MNeqrp Swartria psnarensis Benth Caesalpiniaceae
Caaoba Swievenias bhumilis Zecc. Heliaceae
Caoba Swietenia macrophylla G. King Meliaceae
Cortezs Amarilla Tababuia chrysantha (Jacq) Nichol. Bignoniaceae
Roble Negro Tabebuia palmeri Rose. Bignoniaceae
Roble Sabana Tabebuia rosea (wvertol) DC. Bignoniaceae
'i'eca Tectona grandie Linn. | Verbenaceae
Amarilldn Terminzlia amazonia (Gmel.). Exell. Combretaceae
Terniaalia ivorensis A. Chev. Combretaceac
Surs Terminalia lucida Hoffm. Combretaceae
Cedro Australiano Toona ciliata M. Roem Meliaceae
Capulfin Rojo Tiliaceae

Trichosperma mexicanum (DC.) Baill .
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List of Recommended Species of Trees and Shrubs

for Nepal Community Forestry Deve lopment Project

Source: FAO/IBRD (1978)

Glossaryof abbreviations on the use of tree species,

Capital letters = main use

Small letters = potential use
E e edible
F f firewood
C g gum/resin/tanning/lac/silk

H h hedges

I i small timber, implements

L 1 lopping for animal fodder (or breeding)
M mn medicinal/religious material

0 o oil seed

R r fibre /ropes

S s soil improvement/ercsion control

T ¢ timber

Distribution of species

X 4 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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® 8 |~
~ - 8 o
- 18 1215 1. |8
@ ~ '.E CE: 3 A Rl B
&8s P9 Sl -4 'I 2 |°
) =t . o1 E |- o .
Latir Name t 1+ 1f{ Neopali Name B2 18 14 [ |8 |Dtilization
o  (English name) = o s (see legend)
: Ecolom ge:
Avies spp. 1 | Bunga salla x| X{ X} X]| fT
Acer spp. 1, 2 | Phangarmu x| x LFt
Aesculus indica 1 Lampatte phangaru X LF
Altizzia mollis 1 | Siris X Lft
Llnus nepzlensis 1 jUtis ' Xi X 1Fts
Artocarpus lakoocha 1 { Padahar x ELIf
Arundinaria epp. (3) | Nigalo (mountain
: bamboo) LIS
Bagesia dbutyracea 1 | Chiuri SfIoNn
Resasia latifolia 2 | ¥ahuwa efOoIk
Bsuninia purpurea 2 | Tanki X LiFrgs
Bavhkinia variegata 2 |} Koiralo X ELFigs
Berula utilis 2 | Bbuja patra X LrImrSt
Brassziopsis alpina Lf
Brasssiopsis nainla Chuletro Lf
Buchanania latifolia 2 , EgS
3uddlera sppa Dhurse x L
Butea frondosa 2 { Palash X | LEIRMGS
Corylus colurns 2 | (bazelnut) X | Eftl
Corylus avellana (N) 3 | (bazelnut) x X | EBfltl
Castancs sativa (N) 1 | (chestnut) x| X ERIT
Castanopsis histrix 1 Patle katus X| X X1 x| elfrs
Castancpsis indica 1 | Dalne katius X X|] x}! ElFTs
Castanopsis tribuloides 1| Kusuri katus X} x X|] X] elFTs
Jedrela toona 1 x X} Fr
* Cedrue deodare I 1. { Debdar X X| x| 1fT
Choercspondiae axillarie 1 Lapsi X] x x| X} Btf
Cupressus torulesa | 1 ) Dhupi x| X X Fl7
Dendrocalamus hamilt- (2)| Sans (bamboo) X| X e1fIKS
onii
Elaesocarpus Spp. 1 ] ] A
Erythrina arborescens 2 .] Phaledo x}l X X LFS
Eugenia -jambolana 2 X| x X{ EF
Evphorbie spp. 3 | Sibundi, Bija Xi X x| Hs
Suria cerasifolia Pate X L
Ficus elavata Borulo godile x| X X} L
Ficus glabarrima Pakburi X}| x X|] L
Ficus nemoralin % | Dudhilo x| X% ) L
Ficus roxburghii Nemarro x| % X}
Ficus semicordata Khannim x| X X|] LB
Fraxinus gpp. 1 | Lankuri X X Xt LT
Al
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o rEy
: LA NE
+ &1 & 'E e e |~
-~ C A ~|l= e
Q ~t E vy ..il g. [} (] o
£ &= d{2 €12 n|5 (utitizetion
latin Nams t 1 ¢ | Neoali Name gle e lalal=slie legend)
o 2
' ~ &~ ™| (English name) Zcology
Grewia sopp. 1, 3 x| X X| X| ZFLRIS
Hippoplae salicifolia 3 |Armalito x} X X EES3
Ilex spp. 2 Bhokrs x! X x{ X} L
Juglans regia 1 jOkhar x| X} x X| T4
Junipeiug gpp. 1, ) x| X)X tFS
larix gpp. 1 Xy X| x| s
Litsea citrata 2 [Sil timr X! x X| x| el?d
Litsea polyantha 2 |Kutmiro X} x x| X| L&
Vachilus odorotissi.md 1 {Ehate kaulo x| X F
Helia zzedarach x| X| ™
Michelia ckappaca 1 |Champ, Tsampo X1 X X | LTWo
Michelia dottsope 1 |Sated champ X)| x X) 11’7
“oringa pilerygosperma
(N) 2 Il z x| X] Zloa
Yorus alba f 1  JOeshi kimbu x| X EL
Morus nigra 1 Kimbu L}l x. TLIG
Yucuna macrocarpa 1  [Ealdyangro X} x L
Olea cuspidata 2, 3 ' x| X X LI(o)
Picea app. 1 xt Xl x| X} T
Pistacia integerrima| 3 i x (e)ifs
Fieris ovalifolia 2 x| X b 4 s
Pinus excelesa 1 [Pingre mallo X1 X| x| X ¥y
Pinus roxburghii 17" "JAule sallo x| X X x| &%
Pinus gerardiana 2 ](chilgoza) X}]Xj§x EFS
Populus ciliata 1 |Bhote pipal Alx] X{| tPs
Populus euphratica (N) 1] 2 xl x| x| X] X} x] tIrs
remna barvata 2 [Ginderi (?) X X Lt
Frincepis utilis 3 [Dhatela x| X 4 X Csh
Prunus cerasoides 1 |Painyu Xl x X} L~
Prunus padus 2 [Dur kaphal i x Lt
Pyracantha crenulatal 3 [Changaru x| X L ¥
Pyrus pasghya 1 ﬁayel, Jaspati x} X X | Ef
Quercus incana 1,"2 [Banj X| x X.J x| LtF
Quercus lamellosa 1y 2 {Falant X| x x| Le?
Quercus lanata 1y 2 {Banj X|x X { x} Ltf
Ruercue semecarpifolia 1, d Khasru Xix|X| x| LtF
Rnododendron spp. 2, 3 x| X F
Rhus javanica 2, 3 |Bhakinmlo L] x " Lf
Rhug succedana 2, 3 |Ehalayo x] X X4{ x| LfS
Salaralia malatarica] 1 {Simal X! x X| Tv4
Salix spp. : 1, 3 |Baing x} X] X{x| X{ Lit
t -

o10)

A
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. 813lelzlels
- e AR AR R A ERE
&Q E SI19181%1° =
Gg g = A g‘ S |0 | Utilization
latin Yame B2 Yepali Name alalélgdlals
Seml2 I e £ (see legend)
~' o m| (English name) Ecology
Saurauja nepalensis 1 |Gogan X L
* Schipa wallichii 1 {Chilaune X X.{ LI+F
Schleicheria trijuge 1 ' X x| X | EoCIfts
Shorea robusta 1 Isal X x| X | Tl%n
Sorbus spp. 1, 2 [ Kaile x| X . LtF
Symplocos crataegoides 1 | Lodh xiX Lr
Tsuga dumosa 1 Xix| X2 x| pif
Viburnum coriaceum 3 - | Pitho char x| X L
Vitex neguado 2, 3 X iIn
Hoodfordia floribunda 2, 3 i X s
Xylosma controversum 2 |Maidallo X L
Ziziphus jujuba 2 |ZBayer, Jujuoe x( X X ELBtPSeg
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Species or genera recommended by Koivisto (1979) for Asia Pacific region

A. Basically wood production species (known in the region)

Conifers

Hardwoods

Pinuve caribaea
P kesiya

P. merkusii

P. oocarpa

P. nigra var. maritima
P. eldarica .

P. griffithid

P. roxburghii

Pe densiflors }
P. koraiensis

P. elliottii
P. patula }
P. radiata
Agathis dammara
A. macrophylla
A. obtusa

A. robusta

Araucaria cunninghamii
4. hunsteinii

Cunninghamia lanceolata

Albizia falcataria
Gmelina arborea
Eucalyptus camaldulensis
E. deglupta

E. grandis

E. saligna

E. tereticornis -

Swietenia macrophylla

Tectons grandis

Wetter, hotter
tropics

drier, West Africa
Cooler, East Asia

Cooler, higher
altitudes

B. Multipurpose forestry species (known in the region)

Acacia auriculiformis
A. catechu

A. confusa

A. dealbata

A. decurrens

A. mearnsii

A. melanoxylon
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De Agricultural glmtntigg tree species with secondng. forestry uses
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Dalbergia sissoo
Leucaena leucocephala
Terminalia spp.

Potential species (not videly tested in the region)

008

Aleurites spp.
Artocarpus utilis
Ceratonia siliqua
Durio zibethinus
Dyera costulata
Inocarpus edulis
Mangifera wminor -
Morus spp.
Parkia spp.
Pentadesma spp.
Pithecolobium spp.
Prosopis spp.
Tamarindus indica

Cocos nucifera
Hevea brasiliensis

Bambusa s&rundinsces
Dendrocalamus strictus
Melocanna spp.
Oxytenanthera spp.
Phyllostachys edulis

63



Climatic tvre 1.

2.
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Appendix 8¢

Species fcr African savannas
(Source: Laurie, 1974)

Subdesert

Acacia albida

A. nilotica

A. senegal

Azadirachta indica
Conocarpus lancifolius
Dalbergis sissoo
Eucalyptus camaldulensis
E. microtheca

E. tereticornis

Prosopis chilensis

Semihumid tropical

Acrocarpus fraxinifolius
Aragucaria cunninghamii
Callitris calcarata

C. glauca

C+ intratropica

C. robustea

Cassia siames

Bucalyptus camaldulensis
B« citriodora

EB. cloezians

B. grandis

B¢ pilularie

E. propinqua

E. saligna

E. tereticornis

Pinus caribaea

P. kes 1ya

P. merkusii

P+ cocarpa

3.

Se

Desert - omitted from consideration

Dry tropical

Anacardium occidentale
Azadirachta indica
Callitris spp.

Cassia siamesn

Dalbergia sissoo
Eucslyptus camaldulensis
E. citriodors

‘E. microtheca

E. tereticornis

Humid tropical and equatorial

Acrocarpus fraxinifolius
Araucaria cunninghamii
Chlorophora excelsa

C. regia

* Bucalyptus citriodora

E. cloeziana

E. deglupta

E. grandis

E. propinque
Guwelina arborea
Pinus caribaea
Pinus kesiys
Tectona grandis



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

Appendix 8d

Annotated bibliographies have been prepared for the following tropical

hardwood gpecies:-

9.
10.
1.
12.
13.
14.
15.
16.
A7.
18.
19.
20.
21.
22.

23.

Acacia auriculiformis

Albizia falcataria

Anthocephalus chinensis

Campnosperma brevipetiolata

Cedrela odoxata

Cordia alliodora

Eucalyptus alba

Bucalyptus deglupta

Eucalyptus torelliana

Eucalyptus urophylla - not formally named

Grevillea robusta

Melaleuca leucodendron

Maesopsis eminii

Octomelas sumatrana

Terminalia brasgsii

Terminalia calamansanai

.,

Terminalia catappa

Terminalia ivorensis

Terminalia superba

Toona ciliata

Tetrameles nudiflora

Bucalyptug tereticornis

Eucalyptus robusta
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Plants for arid and semi-arid lands

(Source Adams et al., 1978)

2.1 THE SELECTION OF PLANTS FOR
CENTRAL SAUDI ARABIA

The purpose of the following lists of plants is to define g
range of species, based on one phytogeographical region. A
list of possible plant introductions is also given that might
be considered provided soil conditions, climate and water

svailability are not limiting. Whenever a fina plant list ig -

compiled, it is essential that all the environmental factors
and the restrictions they might impose gre analysed

beforehand,

Phytogeographical zone; Sahsro-Sindian

INDIGENOUS TRERS

Acacia albida Pistacia atlantica
A. arabica Prosopis cingreq

A. gerradis P. julifiora

A, gfiraffae P. spicigera

A, gummifera P. stephaniana

A. mellifere Salvadora oleoides
A. nilotica S. persica

A. raddiana Schinus tevebinthifoliug
A senegal Tamarix arhylla
A seyal T. articrlata

A, toriilis T. gatlica

Albizzia fulibrissim 7. ramosissima

A. ladbek T. passarinoides
Bugenia jambolana T stricia

Blsagnus Angustifolic Terminalia carappa
Ficwus bengalonsis T. bellerica

F. benjaming Thespesia populnea
F. retusa mitida Vitex agnus-castus
F. religiosa Zizyphus jujuba
Masrua crassifolia Z. lotus

Maelia asedarach Z. mauretania
Moringa aprera Z. spina-ckristi
Phoenix daciylifera

TREE INTRODUCTIONS

Acacia cyanophylia Casuarina cristata
A. farnesiana C. cunninghariiana
Albizgia chinensis C. equisetifolsa
Anona cherimifolia C. glauca
Brachychiton acerifolia C. lehmanis

B. gregorii C. stricta
Callistemon citrinus C. torrulosa

C. lanceolasus Cupressus arizonica

E. pazellaris

- B. pimpiniana

E. robusta

A. santoling

Anabasis articulata

A. setifera

Artemisia Asrba-alba

A, monospirmic

Atriplez hotimamg

Balamites czzyptiaca
nia gilliesss

C. pulcherrima

Calligomaon arborescens

C. comosum

Calotropis procera

Capparis dscidua

C. spinosa

Carex phyrodss

Cassia lanceolata

C. obovata

Clerodendrum inzrmas

Coronilla juncea

Cyperus conglomerasus

C. lasvigatus

Dodonea viscosa

Ephedra alata

E. distachya

Buphorbia ceratoides

Appendix 8e
Page |

E, redunta

E. salubris

E. sargentit

E. spathulaia

E. stricklandis

E. transcontinentalis

_E. woodwardii

Ficus carica

F, sycomorus
Grevillea robusta
Hyphoane thebgicg
JYacaranda mimosiasfolia
Melaleuca pauperifolia
Parkinsonia aculeata
Prosopis chilensis

P, tamarygo

Schirus molle
Washingtonia filifera

~INDIGENOUS SHRUBS AND GROUND COVER PLANTS
" dAchillea fragrantissima

8, puyonianum

E. mauritanicaq

E. nereifolia

Genista saharac
Haloxylon aphylium

H. articulatpy;

N, pervicum

H. salicornicum
Heliotropium dasvearpum
Ipomoea pes-capre

Iris sisyrinchium
Lagerstroemia indica
Launea spinosa
Lepraderia pyrotechnica
Limoniastrum guyonianum
L. monopetalion
Lycium arabicum

L. persicum

Monsonia nivea

Nerium oleandcr
Phlomis brachvadon
Plumeria acutifolia

P. rubra

Purnica granatum
Retama raeram
Rhanterium cpapposum



Riuis exyacaniha
-‘Salsola tetrandra

Seolvia aegypiiaca

S. lanigera

Sesbania acgyptiaca

Siedlit=zia rosmarinus

Tecoma stans

Tecomaria capenny
Thevesia neraifclia
Ziila macropiera

Z. spinosa
Zygophyllum coccineum
Z. dumosur

- $HRUB AND GROUND COVER PLANT !NTRODUCTIOI&S

wAllammanda catharrica
FAlos spp, .
" Arundo donax™"
 Atriplex monmularia
Bougainvillea spectabilis
Carpobretus acinaciform’s
C. edulic
Hibiscus rasa-sinensis
H. syriacus
Iris 2pp.
Jasminum arabicum
* Lamtana camara

2.2 THE SELECTION DO

Lavandula spica

L, stoechas

Lippia citriodora
Myoporum spp.
Myrtus commris
Pisiacia .emtiscus
P.vera

Plumbago capensis
Polygomaom capitation
Rosa spp.

Santaling chanaayparm
Yucea gloriosa '

¥ SUCCULENT"

FLANTS FOR CERNTRAL SAUDI ARABIA

Reference: Herman Jacobsen: Handbook of Smsﬂ

Planu, Blandford Press, London 1960

Gaharo-8lrdiar znae
Aconiwr lmab!cprarum
Aloe eru
A, inermis
. A- P‘nd"“
A rubroviolaced’
Av ma"‘(‘
A, tomantosa
A vasillais
Careliumia adenst
C.\ anainanifiora

C. archica

C. chryiosieghana
C. clewsnvuia

C. comprstata

C. flava

C. lunzit

C. penicilliaia

C. guadrargula
C. subulcta
Ceropegia rupicolu
Behidnopsis bonesi
E. planifiora -

L, scutellata
Buplorlia ammak
&, cactus

E. fruticosa

8. inarticulata

E. parcivamulosc
Buphertia tenuirania

E. teizzirama

Hugrnia maa'omrpa m.
arcbica

Kalanchos mmfaba

Opoplytum forshhall -

Rosularia hausshrachtis -

R, lingata

R parvifiora

R. pereica

R. semparvivum

Sedunt acre spp. naglection

S, album

S. alpastro

8. bornmulleri

S. Lirsoreum

S. lydsum

S. microcarpum

S. obtws{folium

8. palaestinum

S. pilosum

S. sanguineum

S. tenuifclium

Senpervivion iranicum

Senecio aziteuphorium var,
odorus

S, pen-dulus

Suaeda fruticosa

Umbilicus intermedius

U. rupestris
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“Sudano~Deccanian Zone
A. torsentosa E. tnarniculata
A. vadlloss E. parciramulosa
Caralliona adensis E. schimperi
.C. anemonifiora E. spiralis
C.arabica - Kalanchoe abrupia
.C\ dcatricosa K. citrina
C. penicilhiata K. laciniata
€. guadrangula K. robusia
C. wcotrana K. rotundifiora
Ca mﬂ K- ‘m‘tﬂ
"Cotyledon barleyi Senecio anteuphorbiym
Mrhcolu sordida S. pendulus



2.3 SELECTION OF PLANTS ACCORDING
- TO SALINITY TOLERANCE

Reference: R. Firmin Afforestation, Report to the

Government of Kuwait, FA0, Rome 197}

. Eectvical
ceaductivity in

 micrombos Plant opecics

Awicornia muring, Nitrarig retssa, Prosopis

ndifiora (Kuwait strain), Swasds vermaculola,

Lygophyliom coccinesom

Casmorina glauca, Comocarpus lanciforsus,

Phosrdx doctylifera, Tamarix manis-morng, T,

moid

) Atriplex mevwmularia, A, wescaria, Yuncus
T actuiws, Prosopes siephamang, P, tamarigo,

‘ Tomarix arvensis, T, deseryi, T. dioica, T,
florida, T. xanniferc, T. meyers, T, orientalis, T
pensardra
Avacia ligulata, Casuaning eqpasetifohia, Kockia
indica, Phragmate; commveums, Prosopis yubifima,
Tamarix sphyila, Zigyphs vigaris
Acacia sowdenii, Tamarsx rilonica,

Acacia pendula, A. salicina, Canuaring glayes,
Eucalyptus cumaldulonns, B, awmrgsniis, N,
Jpathuisia, Nerism oloandss, Larkinsomig
aculscts

Acecia farnesiena, A, sahicina, Callsstemon
lencooluns, Casusring enstata, C. siricta,
Bucalypius culaculirix, E, camaldulensii vas,
obtusa, 8. coolabah, E. microthsca, Prosopis
ehilensit, P. julifiora var. veluting

Acacia arabica, Albjzzia chisensys, Caswaring
dedmants, Clerodendrum inarme, Bucalypiug
pimpiniana, Haloxylon salicorricion, Sesbamia
grandifiora

Acadia stmophylla, Nassia lanfolia, Callitris
glasuca, Dodoriea vrscosa, Eucalypius kruscana,
Melalsuca puvperyfohia, Melia axederach, Pucg
ranatum, Thevetia nerafoha

Albizzia lebdek, Butea wmoncsperma, Eucalypiug
anmulai, E. brachvcarys, . cornuia, E.
melliodora, E occtdainralis, k. stricklands, Ficus
carica, F. religioza, Hakea laurina, Lagenuria
pattersons, Ksoinus commumis var, Perucus,
Salvadorg olendns, Thaspesia popuinga, Vitex
agmU~castug )
8,500 Caesalpinia gilliesn, Calligonum comosum,
Cauaring cunsnghumiuna, Dalbergry Hisso0,
Dodnonea ottenuata, Eucalypiug cladocalyx, E,
Jerestiana, K, grossa, E, Iamdowuau, E.

50,000+
40,000
35,000

28,000
18,000
16,000
14,000
12,000

10,000

8,000

$,000

$,000

4,300
3,000
2,500

2,000

1,000

W
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largifiorens, E. Le Soucffi, E. rotwsta, E.'salubris,
L. spathulato, Inga dulais, Termsnalia arjypa
Brachychiion gregorii, Eucalyprus brockways, K,
dundasi, I, intersexta, E. woodtwardii, Ficus
kqa?auix, Myrtu: communis, Prosopis spicigera,
'Schinus molle, Terminalia calappa

Acacio deami, A. saligna, Agomis flexsosa,
Balawites asgyptiaca, Cupresius arizomica,
Euclaypius oleosa, K, torquata, Grevillea robustg,
Olea enropea, Pritchardss Slifera, Tamarindus
indico, Tecoma stans

Cordia myxa, Cupressus sempervirens var,
stricta, Elasagmus argwstifolia, Eucalypius

-asirimgems, E. campaspe, £, longicormis, E.

redunca, E. transcontinenialis, Lantona aculeara,
Populus cuphratica, Terminajia belerica

Bombax malabaricum, Rucalypus citriodora,
Populus bolleana

-Acoqra tortilis, Albizsia julibrissim, Ficus

tycomorus, Robinia Psewdoacacia, Sokix albg
Acacia cyanophylla, A. cvelopis, A. mellifera, A.
raddiana, A. forestiana, A. gerradsy

Eucalyptus severicormis, H vpheane thebaica,
Poinciana ( Delonix } regia, Duramia plusisrs,
Populus oblega

Axolea spp., Bougainvilles 1pp., Pepulia
awramurica, P. thevesting

2.5 RELATIVE TOLERANCE OF PLANTS TO

BORON
Reference: Saline and Alkali Soils, U.S. Salinity Lab.,
1969
Talcraat Semi-tolerunt Sensitive
Aunel Tamana Suntower (Native) Pecan
Aphvila) Porato Black walnut
Aspiragus Acala cotton Persian ‘English)
Palen (Phovnix Pima cotton walnut
Claricnsis) ‘Tomato Jerusaleln artichoke
Date paim Sweetpes Navy bean
(P. ducevlyera) Radish Amcrican elm
Sugar beet Ficld pea Plum
Muangcl Ragged Robin rose Pcar
Garden beet Olive Apple
Allalia Baricy Grape (Sultaning and
Gladiwlus Wheat Malags)
Bruadbean Corn Kadota fig
Onion Milo Persimmon
Tumip Oat Cherry
Cabbage Zinnis Peach
Lettuce Pumpkin Apricot
Carrot Bell pepper Thomnlcss blackberry
Swest potato Otange
Lims bean Avacoado
Grapefruit
Lemoa

t In cach gronp the planss Sirst mamed are considered as baing mors talerant
dnd the lust named more nsitive. )

-q;\



(

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

Speci es
Acacia albids Del.

Acacia nidotica (L.)Willd.ex Del.

Aoacie menegal (L.) Willd.

Prosopis cineraria (L.) Druoe
(syn. P. spicigera L.)

Prosopis alba Gris.

Prosopie chilensis (Molina)

Stunte

- ™rosopis julifloras (Swartz) 0C

Prosopis nigra(Gris.)Hieronymus

Prosopis tamarugo F, Philippi
EBucalyptus camaldulensis Dehmh.

Bucalyptus microtheca F.Kuell.

Acacia aneurs F. Muell,

Asadirachta indica Juss,

Tz 3=

(Source: FAO/IBPGR, 1980)

Distribution

Senegal, Gandia, Fortuguese Guinea, Sierra leone,
Liberia, Ivory Coast, Ghans, Togo, Dahomey, Nigeria and
Cameroon, sxtending north throughout the drier parts of
North Afrioa into Fgypt, Ierael, Lebanon and Cyprus,
and from East Africa (fanzania, Xenys, Uganda), to
Zambia, Tranavakl and KRatal, .

(including 3 varieties) oxtends from tropiocsl and subd-
tropioal West Africa (Senegul, Oaabia, Ivory Coast,
Chana, Togo, Dahomney, Figeria, Camoroon) East Africe
(Tansania, Xenys, Ugands), and Forth Africa (the SBakel,
Egyprt) through ceatern Sudan and Arabia as far castwards
as India,

(including 2 varieties), characterictio ¢f the drier
parts of Somalia, Ethiopia, ths Suvdan and .Chad through
to Mauritania, extending west to Senegal, Gambia, Ivory
Coest, Chana, Togo, Dahomey, Figeria and Cameroon, sast
to Tanrania, Kenya and Uganda,

India, Pakistan, Iran, Aratdan peninsula,

(including one variety), extends froms the plains of
subtropioal Argentina to Uruguay, Paraguay, southern
Bolivia and Peru,.

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

(including 2 varieties), from the coastal regions of
Venszuela, Colombia and Panama, through Centra. Amerioca
10 Nexioo, a8 well as in the Antillean Islands (perbaps

introduced).

(including 2 variotien), oocurs in southern Bolivia,
the Gran Chaco of Argeniina, Parsguay and weatern

Uruguay.
arid mesetas in the northern provinces of Chils

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

a largs part of central and northern Australia with a
separated oocurrence on the went ooast.

inland arid Awstraliae.

Purme, India (Siwalikx Rills; Karnatio region; parts of
the Decocan, south of the river Godavari).

A limited number of additional species within the same distribution areas as the

above could bs considered for the presently proposed phase of the Project, e.g.

Acacia tortilis,

GV



ARACTTISONE LISTE DER BOTANISTHEN NAMEN LND SYRNONMA

ACACIA ALBLIDA DL,

ACACIA ATAXACANTHA OC.

ACACIA DUCGEONT CRAIS O HOLL.
ACACIA EHRENBERGIANA HAYNE

ACACIA PMWC ROSTACHYA REICENS.
HaRs
ACACIA MELLIFERA (VAH.) BENTH,

ACACIA HILCTICA VAR, ADANSOMIT

ACACTA NILOTICA {L,) WILLD. £X
ACACIA NTLOTICA VAR, TOPENTOSA
ACSCIA PENMATA (L.) wWILLD.

ACACIA POLYACANTHA WILLD, VAR,

ACACTA RADOIANA 3AVT

ACACIA SENECAL (L.} wWrLLD,

ACACIA SEVAL, OEL.
ACACIA SIEBERTANA OC,

SYNONYMA

Acocie edonsonli Guill. et Perrett.
Acecie odatringsns (Scimee. ot Thonn.)
Berhout

Asscio erebice (Low.MWill4.

Acecle aradice Wiild,

Acocio ecobice ver. ofansonlena Dubard
Asecie erebica var. adstringens
(Schum. ot Thomn,} Bok

Acocle arebice {Lem.) Wlild, ver.
niletios (L.) Senth,

Acocle ereblee Willd, var, tementesa
(Senth.)

Asecie buehanonl Merwe

Asotis cuffrn Willd. ver. emmylecanthe

Avbeav,

Acecle compyloconthe Hechat, ex A.Rich.

= AL
A,

. A,
= A,
A
. A,

a A,

« A’ niletics var.

niletics var, edenssnii
niletice ver. edonsenif

nlletice ver. tomentesa
alletice var. adensenil
nllotico var, edensanii
nilotice ver. edensenit
nllatico var. nllatice

tementese

© A, mecrethyrse

. A,
al,

Acosle catechy Willd, ver. cempylocantha

(Fochst, ex A.Rich.} Robarty
Acocia ocetechw Oliv.
Acocle dulzlellii Cruid

Acecle famiculow Gusll, et Perrott.
Acecia flevo (Forsk.) Schweinf.
Acacle glovea Moench

Acoels gyrecorpe MHochst,
Acocie hockil De W1ld.

Asosle lebbeck (L.) Wi1ld,

Acecla leveocephalo
IX 8INTH,

Asocle nafosie Schueint,

Acocla niletice ver. odonsoniona
(Ovbard) A.F. Mill

(Qun. £7 PERROTT.) 0. XTTE.
Agoclo nllotice var, odatrimqens
{Schom, wt, Thoan.) Chiov.

OFL. VAR, NILOTICA

(BEMTH.) A.F. ML

= A,

polysconthe var, compylocenthe
pelyscontha var. cempylecantho

pelysconthe var. caspylecenthe

= A, polyseenthe var. compylecanthe

s AL

- A,

socrathyree

reddione

« A, ehrenbargions
o Lavcaene lwcocephala

= A,
. A,

slbide
seyel

= Albizie 1ebbeck

= A,

. A,

e A,

{HOGHST. EX A.RTOL) BROUN

Acocia preralspinnete Stepf

Acceie svprestris Stekes
Acocls socchcrete Benth,
Acacia camoryone A. Ovev.

Acscia acorploides (L.} W.F.M)sht var,
nllstica (L.} A, Chov.

Acecia scarpioldes (L.) W.f.%ight ver.
pebercens A.Chev,

Aseele semege! (L.) Willd, sep. malli-
fera (vahi) Roberty

Acotle singulmee Guill, ot Perrett.
Asotia stenoceren Hochst. ex A. Rich.
Acocle guma Benth,

Aceein tortilis (Fersl ) Moyma ess.
reddione (Savi) Brenon

- A,
= A,
. A
= A,
« A,

s A

a A,

A,
a A,
A,

LW

albide

tisberiane

niletice ver, llnnuv{n'

nilotice ver. odensanil

merothyrae
senegal
clside
dudgeont

allatice var, ailetica

alloticn var, tomentass
osllifera

sloberione
seysl
pelveconthe ver. copyloconthe

reddiene

LETTHOEN

ADANSOMIA DIDITATA 1,

ADDM oBERM (FomsK.) 20eM,

MBITIA CEVALIER] MRS
RDIZIA LERSECX (L.) SENTH,
ARACARDIUM GCCIDENTALE (.,

ANDMA SENEGALENST® PERS.

Momu

Acocin tertilis H yne = A, roddiens
Aczocle tortilis Mipme var. pudescens

A, Chev, e A, reddions
Acecle trentinien; a, Chev, = A, loets
Acecie trispinese Stokes - onego
Acseio verek Guill. ot Por nte, - : :Oﬂ.'qt

Acecio vorvgere 3chwainf, ® A. aleberiene

= A, digitatg
Moniva erablewm Balf, T, a4, .5:...
AMdonlum caeteneum Stepf ® A obenum
Aeonium honghel A, OC, o A, ebesum

ET souar,
“glolido barter) von Tiogh,
Aglelide senegalensis Yan Tiegh,
Agiallda tosbov:tensis Yan Tiegh,

e Belanfites eosgyptioes
* Balemites esgyptioes
w Balanites ssgyrtisce

Annone thrysophylle Bej.

Anreng senegelens| . saply
(84.) r, sm-: T T oy Ue

Anrnang senegelensis war,
letifolie Olfy.

o & senegalensis

» A, semegalensie
= &, senegalenals

NOCEISSUS LETOCARPUS (DX.) QunL. IT PeErROTT,

AZADTRAOMTA DNDICA 4, Jss,

SALANTTES AZGYPTIACA (L.) oL,

Anogeissue lelecorpus ver, schispers

(Hochat, ex Mutch. ot Dal.} Autrby, « A, lelocsrpn
Anogelssus achimpery Hochse, ex Mutch,
st Doly, o A, lelscarpus

Antelovo exodirachte (L.) Adelbert = Azodirechte indice

Balmiten einiphoides Mildur, ot
Schlechter

Balsomodendren ofricoma Arn.
8cssia parkif G. Don,
Bouhlnio obyssinicq Rich,

8euhinia adonsoniane Culll. ot Perrect.

Swehinio benzoln Fotschy
8ouhinle glebre A. Chev.
Savhinle glouco 4, Chev.
Bovhinie Pycrhocarpo Machgt.
Bavhinio reticulote DC.

Ssvinia thonningil Schem,

BALHINIA RUFESCINS Lam,

ondtivul Pellegr. ot Willet

buanopazenzs P, Beowv,

» 0, cegyntioce

» Cominhare africens

® Wtyrotpermm parkif

e Pillostigmg thoaningil

B, tufescens

= Plliostige reticulotwe
a Piliostigma retievlatum
a Piliontigea teticvlatum
@ Piliostigen thonntngii

e Flllostipns reticviatim

® Pilisatipgne therningli
* f. costatum
« 8. costatwm

SO|AX COSTATUM PeLLfTR. €T VUILLET

BORASSUS AETHIOPUY FusT,

BCSCIA MGUSTIFOLIA A, RigH,

BOSCIA SALICTFQLIA @3V,

Sambax haverdil Pollegr. ot Vulller s b, zestatum

Bomdex willetid Pellege, e 8, costetwm
Soresvws flobellifer L, ver, cethiepun

Wert. ® B, eethiepum
Bescie octendra Mochst. ox Rodlk, e B. sensgelensgisy
Beseia patans Setegve st M.L. Creen = 8. engwetifolle
Boscie powallii Serogue ot ML, Creen a §. sclleifolle

80IC1A spECALBSELS (PIR3.) L, & ponr.

Soscie tenutfolie A, Chev,

Brehaie 1pirosa (Lem.) Merv, ox BC.
Grehmla spinase ssp. lokue (A.2ich.)
.4, Bruce

= 0. enguatifelie
« Strychnes spincee

= Jtrychnos spinore

i
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LEImwen SYNONYHA

Ntyrospermum porodowus sbap.
porkif (G. Don) Hepper
BUTDOSPERM ™M PARKIE (G. DON) XOTSONY

CADARA FARTNOSA FORSK,
CAOABA GLANDILOSA FORSK,
Cedabxy mombossoma Gilg et
BSemedlct
Celllivo Cichrostechys Cuill, ot
Pexrott.
CALOTROPIS PROCERA (AIT.) AIT. f,
Capperis aphylla Hoyns ex foth
CAPPARTS CORTIOOSA LAM.

CAPPARYS DECIDUA (FORSK.) EDCTW,
Capparis tscherl Pax,
Cepparis persicifolia A. Rich,
Cspparis pvbervio 0C.

Cassle floride Yeh]
Cassla ketcchyora Oldv,

CAPPARIS TOMENTUSA LAM,

CASSTA OCCIDENTALIS L.

CASSTA SIAEA LaM,

CAISIA SIEBERIAMA OC.

CASUARINA EQUISETIFALIA J.R. EY G. FORST.
Calastrua coriocsus Gulll. ot Parrett.
Calontrus senegolensia Lom.

CELTIS INTECRIFOLIA LAM,

COMBRETUM ACLAFATUM YENT.

Combretue obbreviotus Engl. ot Diels

Conbretr altum Porr,
Cosbretvm elliotil Engl. et Diels
Combratum floribwvndim Engl. et Disls
COMBRETLM GLUTTHOSUM PERROTT, £X OC.
Combretum lecaonthum Engl. et Diels
Combretum lecnen:, Engl. et Dtels
COMBRETLM MICRANTHUM G. DON
CQFMRETUM NIGRICANS LEMR. EX CURLL, T PERROTT,
COMBRETUM PANTQLATUN VENT,
Cosbretum possargel fngl. et Diels
Combretvm pinciorsm Mook
Combizetum roimboultil Heck

Conbretun romosissism Engl. ot Diels
COMMIMHORA AFRICAMA (&, RIH,) DGL.

Commjiphora colcicolo Engl.

Commiphore piloss fngl.

Conecarpus lefocarpys OC.
CRATEVA ADANSONIT OC.

Creteva religase Forest.

QAIBERCIA MELANDILON GUTLL. €T PERROTY.

Oichrostochys erberes N.E. Br.
DICROSTACYS CINERTA (L.) WIOMT €T arn.

) Olchrostechys glomsreta (Forsk.) Huteh

ot Dalx,

Oiehrostochys nutens (Pers.) Benth.

Dichrostochys plutycerpo Welw.ax Oliv.
DICSPYROS MESPILIFORNTS HOOBT. £X A, OC.

= 8, gockil

e C. ferimose

= Uichrostechys cinerea

s G, docidve

u C. corymbese
s (., tomentose
e C. tewentase

s C. sloves
= C. sieberione

* Mortesuys senegolensis
~ Moytenws senegolensis

= C. ponlevlotum

» C. micronthum
= C. nigricens
= C, micronthum

» C. nigricons
‘s €. olutinosue

« C. glutinosum
= C. ponjevlatum
= C. sicronthum
w C. poniculatum

=, ofriccvo
» C. africons

© Awgelasvs lsiocerpus

e C. adonsonii

= 0. cinetes

® D, cimres
o D. cineree
« D. cinreres

Oiespyres senegclensis Perrott. ot A.OC.« O. mespilifernts

[leyuno bilobe faf.
ONTADA- AFRTCANA GUTIL. €T PFERROTT,
Entede sudonfce Schweint,
Entode ubanguienuau De Wild.
Entodopsis sudenice (Schuesnf.) Gilbert
ot Boutique

= Pilfestigms reticuletum

s £, efricone
« €. ofricone

e L. efricane

LETTHAEN Mmomu
IAYTIRINA SOMEGALENSIS OC.
TUCALYPTUS CAMALDULENSLS DEHNMAROT

Evealyptve rostrata Schlecht,
EUPMCROLA BALSAMIFERA AIT,

tuvphorbis rogerd M. [.8r,

Evphorbio sepiva M.0.0r.

Faidherdia elbido Del.
FORETIA APOOINTHERA DEL,

Feretin conthioides Hiern

Ficus Bibrectects Ward,

Ficus bongoensis Warb.

FICUS CAPDGIS THIG,
Flows dekdekone (Mig.) A, Rich,

FIOS QUAHALOCNPA (HIQ.) STELD. OX A, RICH.

FlQS 1COS {N1Q,) mIG.

FICUS ITECPMYLLA MIQ. :
Flowe lvtes VYohl
Fieus kowri Hutch, i

Fleva paevdovogelil A, Ohev,
Ficue sassondensis A, Chev.

Flevs senegulenslis Mig.

Ficur wprogueot Hildbr, ot Burret
Flzus aycomorvs L.

FIOSS PLATYPHYLLA DOL.

FIOUS THONNINGIT BLLME . .
Ficws wbreoso Warb,
Ficvs trechyphyllo Fenxi
FIaSS vociLlt (r1Q.) Maa. . .
Fluggea microcerg» 8L,

Flipgoo virose (Rexb, ax Willd,) Baill.

GARDDOA SOQUALLA (SOMETNY.) STAPF €T MUITOH.
GARDENTA ERURLSCENS STAPF €T HUTOM.
: Gardenis jovis-tonentis Hiern
Gerdenis medicinalis Vohl ax Schwm,
GARDENIA SOMITENSIS MRUTOM.
GARDENTIA TERNIFCLIA K. SCHUM, ET THOMN,
Cerderic thunbargio Hlem
Gordenie tricconthe var. posvilisbia
F.N Willioms .
Orevio betulifolic Juss,

GREWIA BICDLOR JUSS.
GREVIA FLAVESCONS ASSS.

Grevie :.oryli'oUu GCulll. et Perrett.

Crevie grisec M.E.Cr,
Grevie guanmifelio A, Ohev,
Grevie kvebensis N.2.8r,
Grovic minioto Mest. ex Miern
CREWIA MOLLIS ASS, :

Crevic mostembicensis Burret

Grevia pllose Lon.

. Cerevio pooulifolie Yohl

Grewia solvifolie Hoyne ox Roth

OREWIA TINAX (FORSK,) FIORY .

GREWIA VILLOSA WILLD.
GUTERA SENECALENSTS J.F. L.

Grevie venusta Fren.

Oymressorla dinturt Loes
Oywrwsporie sonegalensis (Los.) Lees

, Hewdelotia efricene A, Rich, |
HYPHABE THERALCA {L.) maRt, .

KHAYA SENEGALDNSIS (DLR.) A, AUSS.

e €. comaldulonsis

o €. bolsowifere
» . boleoni fere

w Acacle elbide

= £, epodonthere
= F, plotyphylle
= F, itecohylla

s F." Ltesphylla

w F. Ingene
ingens

o 7. wgelil

o F. itecphylle

s F, vogelil

w F. ftecphylle

s F, gnophalocarpe
F

F

« platyphylle
. gnaphalecerye

u Securinegs virvee
= Securinega virese

u G, ternifolis
s G. ternifolie

= 0. ternifolic

» C. ervbescens.
e 0. tenex

a G. villese

s G. biesler
= G. flgvsscens
= C. bicelor
« G, biceler

= 0. blesler

n G. (levescens

= 0, reran

» G. biceler '
° C. meilie’

» Moytenve sensgelensis

= Maytemus genegelensis

o Comiphore efricons
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RELDoEN

LANEA ACIOA A, RION.
Lannse djslenice A. Chev.

LANTA MICROCARPA DL, ET K. XRASE
LEPTADENIA PYROTEQNNICA (FORSX.} DEONE.

Leptedenio spertlum Wight
eutoens Jlouce (Moench) Benth,

L
LEUCADA. LEUCOCIPHALA (LAM, )uE WIT.
Lovesens salvodorensis Stondley

AR CRASIFoLIA Fonsk
CRASSI o
Meerve riglds R.¥r,

Mosrve sensgolensia R.Ox.
NBCIFIRA INOICA L.,

MAYTOUS SENICALDGTS (LAY.) DXnL

Melin evwdivechts L.
Palie indice Brendis
Miasee edstringens
Mense arsbice Low.
Rimese esperete L..
Mimese blglobose Jeey.
Mimosa elnereo L.
ftimeve glovco L.
Fimesn glovarete Fersk,
Masse juliflors Swarts.
Misose lebbeck L,
Mimese levcocophole Lom.
Pimose mellifera Vel
Maese nilatica L.
husess nvtens Pegs,

Miswsa penncrs L.

Manse sccrploldes L,
Minose sonegal L.
Mitregyne africane (WIl1d.) Nerth

FITRAGYWA INERMTS (WILLD.) O, K22,
MORIMNGA QLEIFERA LA,
Mezings pterypospernm Geertn,

OMOSA PIORA L,

Reveler ofricone Wille.
Meriva obesum Forsk,

Odine oside (4.R1ch.) OLiv,

PARKIA SICLOBOSA (IACD.) SCNTH,
PARKINSOMTA ACULEATA (.

Phyllentbus virssvs Rexb, ex Villd,
RETIQLATLN (DC.) HOOHST.

PILIOSTIOMA
PILIOSTICMA THOMNINGIT (SOtM.) NILNE-REDN,
Plliestigna rufescens (Lom,) Banth,

Podozie senegelensis (Pers.) Lam. ¢

Poupertla birres (A.Rich,) Avbr,
PROSOPIS armiCaa (omy., rermotr, €7 RIOH.) TAam.

Ptosesls chilensis

Prosopis dvble Guill. ot Peryett.

Prosopis glendulese U.A,
PROSOPIY ALYFLORA (SW.) De.

Presepia lonesolete Benth,

Prosopls ablomge Renth.

Presoplia velvting

Ptarocerpvs ebbyssinicvs Hochat.

Pterocarpus angelengis OC.

Plerecorpvs echinatus OC.

» L. misrecerpe

s L. pyretechalce
s L. levescophale

o L. loucscaphele

o N, ereasifslia
o N, exessifelle

s Azedireshte indies

» Azedirechty indice

® Acseie niletice vor. endensent|
« Acsele niletice

4 K, pigro !
® Parkie blglobese

= Ulehrestockys cimeres

= Lovcoens ] eveocephole

A Olehrectochys cinares

® Proseple juliflere

s Alblzia lebbeck

= Lovcoene levcacaphale

» Aescie mellifare

» Aswcio niletice

= Dichresteachys cineren

a Acacie pennete

* Mescie niletice
® Acocig senegal
a

« M, eleifare

u Mitregyna fneraig
® Adeniuve chesum

« Lancwe side

= Sesvrincge virese

© Bavhinie rufescens
% PolrsBoscie senegelensis
» Sclerocerye birseo

elehe Presepls jeliflers
® Acecio sieberione
siohe Prosepis jvliflers

o P, ofticony

= P, efricome
siohe P. julifiore

e P, lueeny

u P, erinacews

® P, srinccovs

B e

PTEROCARPUS LIXENGS LEPR. X CULLL. €T pERROTT, :

Pe s lvcons var, simplicifell
(] implicifod} N
e L *Tocorpvs simplic ws Sek

SOEROCARYA BIRRTA {A.81C4.) HoOMST,
SEQmMIDACA LONGEPEDUNCLR ATA RESIN
Secvridoce peilide Klatzoah
Securidecn »pingse 3im,
SORMDEA VI~ 34 (ROXD, ex ¥ild.) sanu,
_l‘-:::‘lnqc micresarss (Slume)Pen ot
BE)
Sodede decidve Forek, .
Sperdidag Virres A, Rieh,
Sterevlie cimren A, Rich,

Stersalis temontess Ovill, et Pevrott,
Stersssperma sontetim A, Rich., .

$tryeimec Sosttaeri Cllg.

s Jielenls A, Chev,

8 courtti Chov,
Strychnes morginete Bek,
Strychase dulcis Chev,
Stvyzhnes grecillies ¢ .
$trreives lews Sohnd.u’
$trychnas lekua A. Rich,

Strystons apineee ver. pubescons Pk,
Strythnes velkengi Oilg.
R Suietenis cenegelensis Dess.
- Syconervy paphealecorpe Mig.

STERGILIA SETICERA 201

Ternisalie edunpvensis Enpl,
T pernoTY,

Terminelins chevolieri Diela
"Oll?.llll dovel Rolfe

Tuemirelie dictyenvors Oiels
Torainalie ollietii Ergl. ot Diala

’ Terainelie lecardii Engl. ot Olels
TOOTINAL 24 MACROPTERA GULL. €T FONOTT.
Terainelia sviserssa Chev,

DO L.
iimiing L
mmmmm..

Unserle (nereis willg,
Weatiges dekdokone Miq.
Urestigun ingens LITH
Urettignn vegelii M.

. Vinticent flovenscors (ves.) Bwrrer
Yitellerie parodors Goer*y,
Vitex edoriensis Orev.
Viten cionkovslef Ketichy ot Poyr,
Vitez suneets Schum, ot Thean,

Vitex paludese Vatke
Yitex simplycifelie Oliv,
Yitex whbrese G. Don o Sebine

KIMENTA MicmiCes L.
Ilsenie sogyptines L,

Usiphus smphibie 2, Chev,
Uriphvs Jujubo {L.) Law,

UIPHIS MuMITIANG M,
ZIZIPMUS HUCROMATA WTLLD,

Iizishvs orthoronthe OC.
2IPHUS SPTrLQmYsSTY (L.} oesr,

Urishus altis A Rjch.

o P, leoene
o P, lucens

® 3. lonpepodincy
LEN lo-"du-cull:::

o & viress

= Cappetis daclidve
® Jalorscaryn birres
® 3. setigers

* 3. setipere
s $. unthiomm

* 5 soinmee

= 3. spinase
a 3. spinece
=8, epimuse
= S, splnase
* 3. winesa
= 3. swinose
s $.mpirese

* 3. wpincoe
v 3. spinesas
onsin

v o o

8 Y. mservptore
s T. sserptore
w V. evicennieldes
= T. swcragptare
o T. evicennleides

® T. moereptore
s Lnermiy
® Ficus {teophylle

e Ficws ingens
» Flevs vogelid

2 Y, denians

= V. divecaifolie

u ¥, dealene

= falenites *egyptioce

e 7. splrecchrist]
2 1. mouritione

® I. sutronate

= 1. movr:tiona




Appendix 8g
Page 4

Species under trial for plantations in dry tropical Africa

Eucalyptus alba (and hybrids)
E. camaldulensis (and hybrids)

B. citriodora
E. crebra
microtheca

paniculata

saligna

sideroxylon
tereticornis

tesselaris
torreliana

|08 1d jon
o 1 ] -

e o fos fen

Euphorbia balsamifera
E. kamerunica
E. tirucalli

Faidherbia albida

Ficus sepp.

Funtumia elastica

Gleditsia triacanthqg

Cmelina arborea

Grevillea pyramidalis

Source: Delwaulle (1979)

(* = not promising)

Hura crepitans

Hyphaene thebaica

Isoberlinia doka

Jacaranda acutifolia

Jatropha curcas

Khaya senegalensis

Lamarkea acheifolia

Lawsonia inermis

Leucaena leucocephala

Lonchocarpus sericeus

Markhamia tomentosa

G. refracta

Guaiacum officinale

Guiera gsenegalensis
Gyrostemon spp.
Hakea spp.

Holarrhena spp.

Melaleuca spp.

Melia azedarach
M. dubia

Milletia laurentii

Mimosa pigra

Mitragyna inermis

Moringa oleifera

Nauclea diderichii

Nerium olegnder
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Opuntia ficuslindica

Parinari.nacrozhzlla

Parkia africana

Pe filicoides

Parkinsonia aculeata

Peltophorum ferrugineum

Petalogtylig labicheoides

Piliostigma monandra
P. reticulatum

Pinus caribaea

P. halepensis

P. pinagter

P. pinea

Pithecellobium dulce

Populus spp.

Prosopis africana
P. chilensis

P. cineraria
3. tamarugo

Pterocarpus erinaceus

Ptilotus exaltatus

Ricinodendron heudelontii

Robinia pseudoacacia

Salvadora persica

Samanea saman

Schinus molle
S. terebinthifolius

-Appendix 8g
Page 5

Sclerocarya birrea

. Simnondsia <hinensig

- Spondias monbin

‘Sterculja tomentosa

S. ureng

Stylobasium spatulatum

Sweetis panamensis

Tamarindus indica
Tamarix spp.
Tecoms gtang

Tectona grandie

Terminalia arjuny

T. carpentariae
T. catappa
T. ivorensis

T. mantaly

T. superba

Thevetia peruviana

Thuja orientalis

Vitex doniana

Ximenia americana

Ziziphus mauritiana

74

A



Appendix 8h

Species recommended for arid zones by Goor and Barney(1976)

Abies cilicica
Acacia cyanophylla

Acacia tortills

Acer negundo

Ailanthus «ltissima

Alnus arientalis

Araucaria excelsa,

Aspidosperma quebracho-blanco
Azadirachta indica

Bulnesia retemo

Calligonum comosum

Casuarina equisetifolia
Casuarina glouca
Cedrus ltbani

Celtis australis
Ceratoniu siliqua

Crataegus azarolus
Cupressus sempesvirens
Dalbergia sissoo

Elgeagnus angustifolia
Eucalyptus camaldulensis

Ficus sycomorus
Fraxinus syriaca
Gleditsia triacanthos
Grevillea robusta -
Haloxylon ammodendron
Juglans regia

: Juniperus excelsa
Melia azedarach

Morus aolba
¥arkinsonia aculeata
Pinus brutig

Pinus canariensis
Pinus halepensis
Pinus nigra

Pinus pinaster
Pinur pinea

Pistacia atlantice
Platanus orientalis

X Populus euramericana
Prosopis julifiora
Prosopis spicigera

Quercus suber
Rhus coriaria

Robinia pseudoucacia
Salix spp.
Schinopsis lorentzii

Schinus molle

Tamarix articulatg
Taxodium distichum
Tetraclinis articulata
Ulmus pumila
Zizyphus spina-christi
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Appendix 83

Tropical tree legumes of special significance as fuelwood

From Brewbaker et al. (1981)

Genus

Species adapted to:

Humid tropics

Arid tropics

Acacia

Albizia
Calliandra
Cassia
Derris
Gliricidia
Inga
Leucaena

Mimosa

Pithecellobium

Prosopis

Sesbania

auriculiformis, mearnsiik

calothyrsus
indica
sepium
vera*
leucocephala

scabrella

grandiflora

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

lebbek

dulce

alba, chilensis, cineraria,
juliflora**, pallida, tamarugo

® Highland-adapted species

**%  Mesquite is widely considered an undesirable thorny pest



(a) Firewood species

described in

NAS (1980)

Appendix 8]
Page 1

. FUELWOOQD SPECIES FOR HUMID TROPICS 32

Acacia quriculiformis 34
Calliandra calothyrsus 36

. Casuarina equisetifolia 38

Derris indica 42
Gliricidia sepium 44
Gmelina arborea 46
Guazuma ulmifolia 48
Leucaena leucocephala 50
Mangroves 52

Mimosa scabrella 56
Muntingia celabura 58
Sesbania bispinosa 60
Sesbania grandifiora 62
Sy1ygium cumini 64
Terminalia catappa 66
Trema spp. 68

FUELWOOD SPECIES FOR TROPICAL HIGHLANDS 70

Acacla mearnsii 72
Allanthus alrissima 74
Alnus acuminata 76
Alnus nepalensis 78
Alnus rubra 80
Bucclyptus globnlus 82
Bucalyptus grandis 84
Grevillec robus:a 86
Inga vera 88

FUELWOOD SPECIES FOR ARID AND SEMIARID REGIONS

Acacia brachystackya 92
Acacia cambagei 94
Acacia cyclops 96
Acacia nilotica -3
Acacia saligna 100
Acacia senegal 102
Acacia seyal 104
Acacia tortilis 106
Adhatoda vasica 108
Albizia lebbek 110
Anogeissus latifolia 112

Azadirachta indica 114

Cajanus cajan 118

Cassia siamea 120
Colophospermum mopane 122
Emblica officinalls 124
Eucalyprus camaldulensisx 126
Eucalyprus citriodora 128
Eucalyptus gomphocephala 130

.Eucalyptus microtheca 132

Eucalyptus occidentalis 134
Haloxylon aphyllum 136
Haloxylon persicum 138
FParkinsonia aculeata 140
Pinus halepensis 142
Pithecellobium dulce 144
Prosopis alba 14§
Prosopis chilensis 148
Prosopis cineraria 350
Prosopis julifiora 152
Prosopis pallide 154
Prosopis tamarugo 156
Tamarix aphylla 158
Zizyphus mauritiona 160
Zizvnhue snina-rhrieti 1£9
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Appendix 8j
Page 2

(b) Master list of firewood sgpecies prior to selection of 60 gpecies

for NAS (1980)

Humid Troplcs

Acavia auriculiformis®
A. eulacocarpa
A. crassicarpa
A. flava
/l. koa
A. leucophloea
A. polvacantha
A. siamensis
A. 1omentosa
Acrocarpus fraxinifolius
Adansonia digitata
Adina cordifolia
Afzclia africana
. xylocarpa
Aglcia spp.
Aibrzia faleata
A lebbek®
\. moluccana
/1. odoratissima
A. procera
Aleurites moluccana
Alnus jorullensis®
Alstnia spp.
Anacardium occidentale
dnogeissus lotifolia ®
A. leiocarpus®
Anthocephatus radambe
{ntidesma ghaesembilla
Artucarpus spp.
sspidosperma spp.
Astronium wrundeura
Aucoumea spp.
dvicennia spp.*
iedirachta indica*
Beribusa spp.
Raphia kirkii
Rauhinia malobarica
B, tomentosa
Bischoffia javanic..
Bixageopsis mitln,.
Bumbax spp,
Bruguiprg spp.*
Covselpinia sappan
{eranus cafon *
Calliandra colothvrsus®
P ;

Callicarpa arborea
Caloncoba giigiana
Canange odorata
Capparis spp.
Cerapa guineensis
Carindana pyriformis
Casearic spp,
Cassia macrantha
C. slameg®
C. spectabilis®
Casuarina cunninghemiana®
C. equisetifolia®
C. lepidophioia*
C. nobile
Cecropia spp.
Cedrela spp.
Ceiba peniar ra
Celtis spp.
Ceriops spp.
Chilopsis linearis
Onlorophova tinetoria
C excelsa
higroxylon swietenia
Citrus spr,.
Coccolooa sp.
Cocos nucifera
Coffea spp.
Combretum spp.,

- Conocarpus erectus

Cordi- spp.

C. ailivdora
Cratoxylon spp.
Crescentia cujete
Croion spp.

Cupressus lusitanica
Cynometra caulifiora
Daniella oliveri
Dendrocalamus strictus
Derris microphylla
Detarium senegulense
Dialium guineensis

D. ovoideum
Dichrostachys glomerata
Dillenia spp.

Diospyros spp.
Diphysa rohiniovides
Dinizia excelsa

D. moluccana
Elateriospermum spp,
Enterolobium cyclocarpum
Erythrina spy.
Exythrophleum spp,
Eschweilera mexiana
Lucalpytus alba

E, botryoides

E. brassiane

E. camaldulen iis*

E. citriodora®

E. cloeziana

E. deglupta

E. grandis®

E. microtheca®

E. moluccana

E. pellita

E. resinifere

E. robusta

E. saligna*

E, tereticornis®

E. tornclliana

E. urophylla
Eugenia jambos
~lcus benghalensis
Garuga pinnata

Glirlcidia maculata®

G. sepium*®
Gnmelina arborea®
Grevillea robusta*
Grewia spp.

Guatteria ferruginca

Guazume ulmifolia®
Haematoxylon campechianum
Hevea krasilicnsis

Holoptelea integrifolia
Hymenocardia acida

Inga spp.

1 alba

1. edulis*

1. lauring

1 ver.?

Inocarpus edulis
Intsia bijuga
Iryanthera hostmant
Khaya senegalensis
Kvdia ralvrina
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Lantana spp.
Leucaena leucocephala®
Libidibla corymbnsa
Licanis spp.
Lindackeria maynengis
Lumnitzera raeemosa
£0 3PP,
Abachaerium njctitans
Madhuca la.ifolla
Malmea spp.
Mammea americana
Mangifera indica
oves®
Melalsuca leucadendron
Melastoma spp.
Melic azedsrach
M. composite
Michelia champaca
Moringa oleifera
Morus mesozgia
Munringia calobura *
Murraya paniculata
Musanga cecropioides
Myristica spp.
Nauclea diderrichii
Nectandra spp.
Ocotea spp.
Octomelzs sumatrana
Olea africana
Ourstea calophylla
Perinari excelso
Farkia spp,
Farkinsonia aculeata®
Peltophorum plerocarpum
Penroclethra macroph ylla
Pentadesma butyrocea
Persea spp.
Phylianthus discoideus
Pinus caribaea
P, insularis
L. kesiya
P. merkusii
Piptadenia spp,
Pthecellobium dulce®
P. firinga
P. lobarum
Plaronia Insignis
Pongamia glabra*
Populus euphrati o
Pourouma spp.
Preudosamanea yuachapele
Pridium guajava
P, cattlelanun;
Prerocarpus erinaceus
P. indicus
Prerygots alata
Quercug spp.
7. oocarpa
@. penduncularis
Q. sapotaefolia:
hamnus spp.
Rhizophors apiculata
R. eandeiaria
R. mangie®
R. mucronara®
Salix humboldtiana
Selvadore persica
Somenea saman
Schlelchera oleosa

Schizolobtum parehyba
Securinego virosa
Serialbizzia splendens
Sesbanio cegyptica

S. grandifiova®
Sterculls urens
Swartzia sp.

S. fistuloides

S madogascariensis
Swectia brachystachya
Swhetenia macrophylla

8. mahogeni
Symphonio globulifera
Syzygium cummii®

S. guineense
Temarindus indica
Tamarix passerinoides
Tectona prandis
Terminalia spp,*

T. paniculata

T. tomeniosa
Tetragostriz altiesima
Tetrameles nudiylore
Thespesia popuinea
Trema guineensic®

7. microntha®

T. orfentalis®

other Trema spp.*
Trichilia hirea
Triplaris guayaqutlensis
Triplochiton scleroxylon
Tristania obovata
Vitex spp,
Ximenia americana
Xylia kerrti
Xylocarpus spp.
Zanthoxylum spp,

Z, xanthoxyloides
Zizyphus spp.

Z. thyrdifiors

Tropical Highlands
Acacia acumirata

A. baileyone

A, cavenio

A. dealbate®

A. dezurrens®

A, elata

A. macracentha

A. megsnsii®

A. melanoxyion
. pyenantha

A, visco
Acer negundo

A. obtusifolium

A. pacudoplatanus
Ailanthug glendulosa
Alnus formosana

A. glutinosa®

A. Jorullengic®

A. nepalensis®

A. nitida

A. orientells

A. rubra®
Altingia excelss
Amorpha fruticoss
Aristotelio chilensis
Araucaria spp,
Aspidosperma quebracho-Nanco

ES

Appendix 8j
Page 3

Baeckes frutescens
Bambusa sp.
Bauhinis retusa
Brochychiton populneum
Buddieia spp.
Gallitris macleayana
Colycophylium multifioru:n
Carya spp.
CGastanopsis spp.

C. acuminatitsima
Casuarina cunninghamiona®

C. equicerifolla®

C Junghuhniona®

C. luehmannif®
Ceanothus spp.
Cedrela spp.
Cercocarpus
Cestrum spp.
Cinnamomum camphora
Citrus spp.
Coffea arobica
Commiphora spp.
Croron glabellus
Qupressus benthamii

C. cashmeriana

L. forbesii

C. goveniana

C lusitanica

C. macnabiana

C. macrocarya

C. senipervirens

C. sorulosg
Dendrocalamus stricrus
Didymopanax morototon!
Dimys winteri
Elacognus angustifolie

ja spp.

Bucalyptus albens

E. bicostata®

E. blakelyi

E. bormryoides

E celophylla

E, camaldulensis®

E, citriodore®

£, cladocalyx

E£. cloeziana

£ deanel

E. delegatensis

E. diversicolor

E, globulus*

£, gomphocephals®

E. grandis®

E. gummifera

E, largiflorens

£, leucoxylon

E, macorthuri®

£, maculate

£, meideati*

E. melanoxyion

:‘_. relliodors

E. neglects

& nova-anghice

E, odorata

E. ovata

E. peniculata

E resinifers

E. robusre

£. seligna®

79
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E. rereticoris

E. traburit

E. viminalis®

E. wandoo
Eugenia ¢p.
Ficus palmarta

F. salicifolia
* Fraxinus sp.
Gleditsia triacanthos
Grevillea robusta®
Grewia spp.
Leptospermum spp.
Lespedeza bicolor

L. cyriobotrys

L. maximowiczit
Ligustrum luctdum
Liquidambar formosana

L. styracifluc
Liriodendron tulipifera
Lithocarpus spp.
Maclura pomifera
Maytenus hoarila
Melaleuca leucadenaron

M. pubescens = M, preistiana
Melia azedarach
Nyssa aquatica
Olea africanc

O. chrysophylla

0. cuspidata

O. europaea
Peumus boldus
Pinus canariensis

P. caribaea’

F. elliotii

P, excelsa

P. Resiya

P. merkusii

P. nigra

P. cocarpa

P. pinea

P. pseudostrobus

P. radiata

P. rigida
Platanus occidentalis

P. orien:alis
Podocarpus oleifolius
Poly lv»is =pp,

P, rementella
Populus balsamifera

P. berulifolia x P, trichocarpa

P. deltoides

P. grandidentata

P. nigra

P. tremulnides
Quercus sp.

Q. dilatata

Q. incana

Q. virginiana
Robinia pseudoacacia
Salix babyionica

8. caprea

S. humboldtiang
Schinopsis spp.
Schinus molle
Sophora japonics
Styrax sp.
Tecoma spp.

T. stans
Teljsmannivdendron ahernianum

Tetraclinis articulate
Trema orientalis®
Tipuana tipu
Trevog trinervis
Ulmus pumila

U. wallichiana
Vermonia baccharoides
Wendlandia spp.

Arid and Semisrid Regions
Acacia spp,

A. acuminata

A. albida

A. aneurg

A, arabica®

A. auricullformis®

A, baileyona

A. brachystachya®

A, caffra

A. cambege®

A. catechu

A. clbariz

A. concinna

A. cyanophylla®

A. cyclops®

A. dealbata

A. decurrens®

A. drepanolobdium

A, elata

A. excelsg

A, farmetiana

A. giraffae

A. gregxil

A. harpophylla

A. heteracantha

A. heterophylls

A. hockii

A. holosericeg®

A. homalophylle

A. karroo

A, kempeana

A. lasiopetala

A. leenthemli

A, leucophioea

A. Htakunensis

A. longifolia

A, macracantho

A, melanoxyion

A. modesta

A. mollissima*

A, nilotica®

A. nilotica subsp. adansonii

A. nilotica vas. tomentosa

A. oswaldlt

A. pallacantha

A, pendula

A, peuce

A. pianifrons

A. polyacanthe sabep. cam-

pylacanthe

A. pycnantha

A. mddiana®

A. sencgelensis

A. seyal*

A. slamensiy

A. tomentosa

A. tortilis®

A, vicroriae
Albizia lebbek®

Appendix 8j
Page 4

Anogelssus lefocarpus®

A. pendula®
Argania sideroxyion
Artemisia herba-alha

A. monosperma

A. scoparia
Aspidosperma quebracho-Manco
Atriplex bracteosa

A. canescens

A. leucoclada
Azadirachia indico®
Balanites aegyptiace
Bauhinia reticulata

B. thonningi;
Bombacopsis quinara
Brasilettis mollis
Bunchosia armentaca
Burkea africana
Ceesalpinia peraguariensis
Cojanus cajan®
Celilandra spp.
Galligonum comogum
Callistemon sp,

Caropa guineensty
Cassia garrettiana

C stamea®

C sturnil
Casuarina cristara®

C. decaisneana®

C equisetifolic®

C. glauca®

C stricta®
Cedrela odorata
Celtis integrifolia

C. spinosa
Ceratonia siliqua
Chloroxylon swietenta
Colophospermum mopane®
Combretum ghasalense

C glutinosum
Commiphorg spp.

C africanc
Cordeauxia edulis
Cupressus arizonice
Cyblstax donneli-smithil
Dalbergia sissoo
Diospyros spp.
Dodonaea viscosa
Erythrina senegalensis
Erythrophleum ofricanum
Eucalyptus alba

E. astringens

E. bicolor

E. blakelyi

E. brockwayi

E. calycogona

E. camaldulensis®

E. cambageana

E, citriodora*

E. crebra

E. flocktoniae

E. gardneri

E, glaucina

E. gomphocephala®

E. gracilis

E. intertexta

K. melliodora

E. micioiheca®

E. occidentalis®

Gy



E. oleosa

E. pilularis

£, platypus

E. populnea

£, pyriformis subsp. youngiana

E. robusta

E. rudis

E. salmonophivia

E. salubris

E, stricklandii

£, tereticornis®

E. tetrodonta

E. t1orquata

£, viminalis®
Flcus spp,
Geoffraea decorticans
Gleditsia triacanthoy
Gmeling arburea®
Grevlllea prerosperma
Hakea leucoptera
Haloxylon spp.

H. aphyllum®

H. persicum®
Heterotheca abaxillaris
Hyphaene thebaica
Inga feyilici
Isobertinia detzielit

1. doka
Jacarands acutifolia
Juglans neotropica
Krugeodendron ferreum
Lannea coromandelica

L. schimperi
Leucodendron arpenteum
Lophira lanceolata

-Lucuma paradoxa

Lyslloma sabicu
Maerua cressefolia
Melaleuca leucadendron
Melia czedarach
Mitragyna africana
Monotes kerstingi
Morus nigra
Olea europaca
Olneya tesota
Farkia clappertoniona
Parkinsonia aculearo®
Pinus brutia®

P. canariensis

P. edulis

P. eldarica®

P, halepensis®

F. pinea
Plstacia lentiscus

P. palaesting

P. terebinthus
Pithecellobium dulce*
Popchax macrantha
Prosopis africana

P. alba®

P. blanca

P. celdenia®

P. chilengis*

P. cirsraria®

P. farcia®

P. ferox

P. glandulosa

P. inermis

F. puliflora®

P nigro

Appendix 8j
Page 5

P. pallide®

P, palmeri

P. pubescens

L. spicigera

P, stephaniana

P. tamarugo®

P. torquate
Prunus andcreoni
Prerocarpus erinaceus

P lucens
Quercus spp,

@. coccifera

Q. farnetia

Q. pubcscens
Retama roctamn
Rhanterium epapposum
Salvadora persica
Schinur molle
Sclerocarya birrea
Sterculia setigera = S, tomenitosg
Tamarix spp.®

7. ephylla®

T. ariiculgta®

T. pollica

T. meyeri

T. passcrinoides

T. stricia
Terminalia gloucescens®

7. 1omentosa
Zizyphus abyssinica

Z jupuba®

Z. mauritiana®

Z. nummularia®

Z. spina-chrisii®

Z. vulgoris
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Some-Australian species, other than eucalypts, with potential for

fuelwood (and multiple-use) in humid tropics, tropical highlands

and the sub-tropical arid/semi-arid regions.

Source:

Boland and Turnbull (1981)

Humid tropics
Acacia aulacocarpa+
- auriculiformus +
. bakeri

. cincinnata

. Crassicarpa

. hylonc-na

. mangium+
Acmena smithii
Agathis robusta
Ailanthus spp.
Albiria spp.+
Alphitonia petriei+
A. whiter

Alstionia muellerana
Argyrodendron spp.
Banksia dentata+
8. integrifolia+

AX222N

Tropical highlands
Acacia dealbata

A. decurrens

A meernsu

Agathis spp

Aleurites moluccuna
Alphuonia excelsa+

A. petrier

Alstonia scholaris+
Araucaria bidwillic*
Backhousia anisata
Callicoma serranfola
Callistemon salignus
Callitris maoclcayana
Cas..arina cunninghamiana +
C glauca

C. torulosa
Choricarpa subargeniea

Capparis sp.

Cardwellia sublimis
Casuarina equisetifolia+
Cassia spp.+
Corunersonia bartramia
Celiis sp.

Croton spp

Diospyros spp.
Elaeocarpus grandis
Euroschinus fulcaia
Macarangu tanarius +
M. subdeniata
Puhecellobium spp. +
Pleiogynium timorense
Terminalia scricocorpa
Tieghemopunax murrayi
T elegans

Tremna orientalis +

Vitex spp.

Diplogtowns auseralis®
Flindersia baurjotiana
Grevillea robusta

G Lithana +

G pinnatifida+
Macadanua spp.*
Mallotus paniculatus
M. philippensis

M. ncinoides
Melaleuca leucadendron
Oreovcallis wickhamii+
Orites excelsa+
Svncarpia glomulifera

Arid/semi-and sub-tropical regions

Acucia ancura®*

. brachystachya

. cambagei

. cyclops

. estrophioluta®® +
. fasciculifera

. holosericeu

. pleciocarpa

. polystachyu +

. shirleyi

. tumidu
Alphitoniu eacelsa+
A. philippense
Alstonia actinophylla
A. counsiricta
Atalaya hemiglauca

222222222

Brachychiton populnens®®
B. gregurii**

Callirris spp.

Casuarina cristuia

C. luehmannii
Codonocarpus spp.
Dodonaca viscosa
Erythrina vespertilio
Eryihrophivum chlorustachys
Hindersin muaculosa
Grevillea puralleln+

Trema orientalis
Tristania conferia
T. laurina

T. neriifoha
AXunthostemon spp.

Grevillea striata®* +

G. pterdifolia

Hakea leucopiera

H. subcrea*®+
Lysiphyllum: cunningharnii
Melaleuca viridiflora
Melia qredurach
Parinari nonda*
Syavgium suborbiculure®
Terminalia platyphylla
T. volucris

Tristania suaveolens

T. grandiflora

* fruit, °° fodder. + high priority specics for seed collection and testing overscas,
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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 farmesiana-
Acacia mangium

Acacia mearnsii

Acacia melanoxylon
Acacia nilotica

Acacia pendula

Acacia salicina

Acacia senegal

Acacia tortilis
Acrocarpus fraxinifolius
Agathis dammara

Albizia falcataria
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 calothyrsus
Callitris glauca
Callitris columellaris
Campnosperma brevipetiolata
Cariniaria pyriformis
Cassia siamea

Casuarina decaisneana
Casuarina equisetifolia
Caguarina glauca
Casuarina junghuhniana
Cedrela odorata
Ceratonia siliqua
Chlorophora excelsa
Cleistopholis glauca
Colophospermum mopane
Conocarpus luncifolius
Cordia alliodora
Cryptomeria japonica
Cunninghamia lanceolata
Cupressus arizonica
Cupregsus lusitanica (including C. benthamii)
Cupressus macrocarpa
Cupressus torulosa
Dalbergia sissoo
Delonix regia
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Elaeagnus angustifolia

Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Bucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus
Eucalyptus

botryoides
brockwayi

camaldulensis (Northern Provenances)
camaldulensis (Southern Provenances)

citriodora
cladocalyx
cloeziana

crebra (Inland Provenances)

dalrympleana

deglupta

delegatensis

fastigata
globulus

globulus subsp. maidenii

gomphocephala

grandis
intertexta

largiflorens

maculata
melliodora
microcorys
microtheca
nitens
obliqua

occidentalis

Paniculata
pellita
pPropinqua
regnans
resinifera
robusta
st. johnii
saligna

salmonophloia

sargentii

sideroxylon (Inland Victoria Provenances)
tereticornis (Queensland and New Guinea Provenances)

torelliana
urophylla
viminalis

Euphorbia tirucalli
Ficus benghalensis
Gleditsia triacanthos

Gliricidia

sepium

Gmelina arborea
Grevillea robusta
Halogylon aphyllum

acaranda copaia
Jacaranda mimosifolija
Khaya senegalensis

Leucaena leucoce
Leucaena leucoce
Liquidambar styr

Maesopsis eminii

Melaleuca leucadendron

Musanga cecropioides
Nauclea diderrichii

Hhﬁﬁjmﬂ(kxawuk

phala (Hawaiian type)
phala (Salvador type)
aciflua
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Ochirciaa pyrawidale

Octomeles sumatrana

Parkia biglobosa

Parkinsonia aculeata

Paulownia tomentosa
Peltophorua pterocarpum
Pericopsis elata

Pinus ayacahuite

Pinus brutia

Pinus canariensis

Pinus caribaca var. babamensis
Pinus caribaz-a var. caribaea
Pints caribaea var. hondurensis
Pinus chiapensis

Pipus elliottii var. elliottii
Pinus greggii

Pinus halepensis

Pinus kesiya

Pinur m~rkusiana (Continental Provenances)
Pinus morkusii (Island Provenances)
rinus mickcacana

Pinus aontezumae

Pinus occidentalis

Pinus oocarpa

Pinus palustris

linus patula subsp. pahia

Pinus patula var. tecumumanii
Pinus pinaster (Portuguese Provenances)
Finus pinea

<inus pounderosa var. arizonica
Pinus pscudostrobus

Pinus radiata

firus roxburghii

Pinus taeda

Populus deltoides var. deltoides
Frosopis chilensis

Procopis cineraria

Prosopis juliflora

Prosopis tamarugc

Robiniz pseudoacacia
Roseoden.iron donnell-smithii
S2"ix ta“ylorica var. sacramenta
Semauea saman

Schinus molle

Schizolobium parahybum
Sesbenia grandiflora
Simmondsia chineusis

Swictenia macrophylla

Tabebuia rocsesr.

Tanarix aphylla

Taxodiun cistichum

Tectonz grandis

Terminalia brassii

Terr:inalia calamansanai
Terminalia ivorensis
Terminzlia superba

Toona ciliata var. australis
Triplochiton scleroxylon
Zizyphus spina-christi
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Trees and bamboos for iutegrated landuse systems in Malawi

(Source: Personal communication, I

Institute of Malawi)

Acacie

A. albida

A. polycantha :
Acrocarpus fraxinifoliu
Adina microcephala
Afzelia quanzensis
Albizia

A. amara

A. glaberrima

A. gummifera

A. lebbekk

A. versicolor
Amblygonocarpus andongonsis
Azadirachta indica
Bambusga vulgaris
Bauhinia petersiana
Bauhinia thonnigii
Borassus aethiopum
Brachystegia

B. floribunda

Burkea africana
Caesalpinia decapetala
Cassia siamea

Cassia spectabilis
Cinchona sp.
Colophospermum mopane
Combre tum

C. imberbe

C. ternifolium

Cordyla africana
Cupressus lugitauica -
Dalbergia sissoo
Diplorhynchus condylocarpon
Entada abyssinica
Erythrina abyssinica
Eucalyptus spp.
Euphorbia turicalli
Gliricidia sepium
Gmelina arborea
Grevillea yobusta
Hardwickia birata
Hyphaene Spp.

«D. Edwards, Forestry Research

Idermitis

Julbernardia paniculata
Kigelia africana

Kirkia acuminata
Leucaena leucocephala .
LonchocaiPus cappassa
Maesopsis eminii
Markhamia obtusifolia .
Melia azedarach

Monotes africanus

Morus spp.
Oxythenanthera abyssinice
Parinari curatifolia
Parkia filicoidea
Pericopsis angolensis
Pinus spp.
Pgeudolachnostylis mapronueifolia
Pterocarpus angolensis
Pterocarpus rotundifolius
Sclerocarya caffra
Solanum aculeastrum
Strychnos innocua
Strychnos spinosa
Terminalia sericea

Tonna ciliata

VUapaca kirkZana

Ziziphus mauritiana
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East Pokot agricultural project: tree planting summary 1978-1982

{Personal communication, E. Barrr,\w)[1

Species Comments Species Commentslg
®fczciz albida* Zizyphus mauritiana* 1,3,6
°hcacia tortilis* 2,3,4 Zizyphus mucronata
°Acacia senegal* 2,3,6 Ceiba pentandra
Acacia cyanophylla 1,3,4 °Balanites aegyptiaca* 2,3,4,5

Acacia halosericea** 1,3,4 °Balanaites orbicularis
Acacia aneura 2,3,4 teucaena leucocephala K8* 1,4,5
Acacia salicana 2,3,4 °Adansonia digitata 1,3,4
°Acacia eliator* 2,3,% Ceratonia siliqua 2,3
Acacia victoria Bauhinea purpurea
°Acacia mellifera* 2,3,6 °Tamarindus indica* 2,3,4

Eucalyptus camaldulensis 1,3,5 Erythrina rotunda

Eucaluptus citriodera °Salvadora perssa

Eucalyptus microtheca 1,5 Atriplex nummularia 1,3,4

Eucalyptus wandoo Atriplex halimus

Eucalyptus astringens Simmondsia chinesis

Eucalyptus torquata Casuarina equisetifolia 1,5

Eucalyptus fernestina Schinus molle

Eucalayptus torquata Stylosanthes scabra

woodwardii Conocarpus lancifolius

Prosopis cineraria Moringa stenopecla

Prosopic juliflora °Delonix elata*

(Baobab Farm, Mombasa) i,3,4,5 °Diospyros scabra

Prosopis juliflora Bombax spp

(Israel,Ben Gurion) 1,3.4,5 Guava

Prosopis chilensis* 1,3,4,5 Cashew

Prosopis pallida 1,3,4,5 Mango, Orange, Pawpaw
Cassia sturtii* 2,3,4
Cassia siamea* 1,3,7
Cassia spectabilis ‘

Parkinsonia eaculeta 1,3,7

Azadirachta indica

87

° = indigenous * = Jots of seec available ** = some seed available

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

£ No comment = not worth cr wenting on!

Comments Code

I.....Fast growing
2.....5low growing
3.....0rought resistant
4.....Fodder
5..4..Timber and fuel
6.....Live fencing
7.....Shade
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List of Indigenous Species for Kenya

{Source:

LEGUMINOSAF

Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acazia
Acacia
Acacia
Acacia
Acacia
Acacia
Albizia
Albizia
Albizia
Albizia
Albizia
Enteda
Mimosa
Newtorni
Newtoni
Parkia
Adenoca
Cordyla

Craibia

albidz
abyssinica
adenbcalyx
brevispica
clavigéra
etbaica
lahai
mellifera
nilotica
polyacantha -
recifiens
senega’
seyal
tortilis
xanthophloea
anthelmin+* -a
coriaria o
grandibracteata
gummifera
zygia
abyssinica
pigra
a buchanani
a pauci juga
filicoidea
rpus mannii
africana

brownii

Owino, 1983)

Dalbergia melanoxylon
Dalbergia microcarpa
Erythrina abyssinica
Erythrina burtii
Erythrina excelsa
Indigofera arrecta
ﬁonchocarpus bussei
Milletia dura

Milletia usambarensis
Mundulea sericea.
Ormocorpum kirkii
Sesbania Besban
Tephrosia elata
Tararindus indica
Trachylobium verrucosum
Julbernardia magnistipulata
Erythrophleum guineense
Cynometra webberi
Delonix elata

Cassia petersiana
Brachystqgia spiciformis
Bauhinia tomentosa
Afzelia quanzensis
Acacia gerrardii

Acacia kirkii
Crotelaria laburnifolia

Piliostigma thonningii
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MULTI-PURPOSE SPECIES

Adansonia digitata
‘Anacardium occidentale
Balanites aegyptiaca
Borassus aethiopi.uam
Casuarina equisetifolia
Chlorophora excelsa
Chrysophyllum albidum
Commiphora africana
Commiphora trothae

Cordia abyssinica

85

-Appendix 81
. Page 4

Cordia milleni

Euphorbia'tirucelli
Ficus sycomorus
Markhamia hildebrandtii
Markhamia platycalyx |
Markhamia zanzibarica
Morinfa  oleifera
Terminalia catappa

Trema guineensis

o



Seed available from National Academy of Sciences for Sahel trials

Spacias

Fiaeld Crops

X).

2.

3.

Amaranthus
cruentus

Amaranthus
hypochondr facus

Phaseolus

acutifolius

Psophoca Tpus

tetragonolobus

Tylosema

saculentum

Zea mays

Trees and Shruba

7.

Acacia albids

* New Accesaions

LY

Grain
Amaranth

Qrafn
Amaranth

Tepary Bean

Winged Bean

Norama Bean

Apple-ring
Acacih

Bupplier

Rodale Rgssarch
Otn‘ht

Iod'nla Reasarch
Center

Meals for Millions

University of Florida

Southwest Texas State

Univeraity

University of PFlorida

ISRA/CNRP, Senegal

Bonber Origin
R104 MNexioco
n1o03 Mexico
Bells, Arizona
pt-1
Kalahari desert
Southern Arisona
82/598 Nayobe region, Sanegal

Comments

Rexican grain-type amaranth. Bigh-protein
grain, protain-rich leaves; fast growing;
daylength neutral.

Mercado grain-type smaranth. Aigh-protein
grain, protein-rich leaves; faat growing.

Crought-tolerant crop.

Kdible seeds; pods, leaves, and rootss

-odible seed o0i1; livestock Teed; relatively

high weter requiresenta.

B4ibla tuber &nd seeds, oll, browse; drought
tolerant.

Currently out of atock.

Comez into eaf at the end of the rainy season
and remains green 4Quring the dry season. Boil
conservation, liveatock feed, tannin, easily
carvad wood.

o >
® O
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10.

1.

12,

11.

14.

15.

16.

1?.

18,

19.

20,

2).

22.

A. ansur

—— e = e,

A. berlandieri

A. canbages

A. farneaiana

A. ligulata

A. linarioides

A. nilotica
var. adrpnsomdd

A nilotice
var. tma}:tm

A. rasdisna
A. salicina

A. ssnagqal

A. tustda
A. victorise

Adangonia
digitata

Arogeissus

leioceipus

¥ulge
ajillo

G.(dqec‘

Rveet Aoncia

fzbrella Bush'

Fgyotian Thorn
i

Mataella ¥horn
Cnocha

Gum Arabiac

Prickly Wattla

Raobed

CRIRD, Mstralis

Toras Departpent
of Voalth
CAIN0, Rastralis

CAINO, Mastralia
CRIND, Rastralia

N0, Agstralia

1SRR/CHR?, Yaneqal
TORA/CHAY, Rancaal

I6MA/OFRY, Beragal
TR0, Anetrelian

JERL/CHRP, Ranegn}

CBYRO, Mzetralia
CRIRC, Mstreliz

ISR /THRP, Genagal

1SR/ Ry, Banegal

12791

13405

31147

13425

11508

81/4¢3

02./397

/599
13379

82/5913

11498
13271

82/603

82/57)

Wew South talas,
Muustralia

NoMillem Cousnty, Yexas

(oaensland, Rustralis

Wevw Scuth Walas,
Augtralis

Borthern Territory,
Augtrplia

Westarn AMustralia

Somdia axaa, Se:egel

Bayohe rogiom, Sepasgal

Mayobe region, Semegal
Foartern Mastralia

Worthern Porlo, Sensgxl

Cagtern Rustraliu
unansland, Rustralia

S=ndia, Senagal

Boulal, Jenegal

Carrently out of stock.
Srowsa, honay production, fuoel.

Currently out of stock

Wood for fuel and posts, tannin, gqum for making
wucilage, fodder, living tences.

Qurrently not of atoch.

Boi)l conmarvation.

Foal, comstruction, fodder, tannin, gqum.

Puel, living fences and windhreaks, fodder
t.a‘nnlu, -1

Poal, construction, foddor, sand control.
¥nal, eroll conservation.

Pual, construction, qn-_anblc. fodder,
®0il ~cheexvaticn, edible e~eda.

Cnrrantly out of stock.
Corrently out of stock.
Yood, bark used to maks mats and paper,

Fence posta, construction and wood-working,
ashen, yield potash.

¢ 38eq
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a3.

24.

25.

26.

a7.
28.
29.

30.

n.

Ja!‘

33

3.

as.

A\
{?’3

Argania spinoas

Atriplex
canescans

A nummularia

Balanites
asgyptiaca

Centrosesa Sp.
C. brasilianum
€. pascuorum

Cono‘:lml
lancifolius

Cordeauxia edulis

Dessanthus
virgatus

Rucalyptus
brockwayi

2. camaldulensis

[ ]
.

B. camaldulensis

|n
.

casaldulensis

Argan Tree
Pour-Ving
Saltbash

Old-man
Salttush

Desert Datre

Csntro

Ye-eb

Dundas Mahogany
River Red Gum

River Fed Oum

River Rsd Gum

Porest Service, Morocoo

Texds Tach University

Western Miatralias

- Dept. of Agriculture

ISPRA/CHRY, Senegal

CAIRO, Aunstral’ias
CS8IN0, Australias
CSIPO, Mustralia

Sacbadb Fars, Kenys

Baobadb Farm, Kenya

C8IRD, Australia
CAIRO, Bust:ialia
CBIRO, MAustralias

CESIMD, Mustralia

CRIRG, Australia

77387

MA-/1981

82/662

63967

$5897

85947

12268

12102

12346

13478

Tamanar, Morooco

Veatern, Ye.as

Western Austrslia

Louga region, Benegal

Progreso, Bguador
Petrolina, Brazil
Petrolina, Brezil

foabass, Ksnya

Nosbsss, Kenya

Sslinas, Bguador

Western Austtalia

Northern Territory,
Australis
Western Anstralia

Queensland, Australia

- 011, CONSLYUCTION, CNAICOSL, IFULIL AN ilvisaye

eaten by cattle and goats.

Browse, ground cover.
Browse, ground cover.

Corstruction, edible fruit, browse: emulsion
from the fruit is lethal to the snails which
are intermediary hosts of schistosomiasis and
to the water fles that carries thes Guinea-
wvorm disease, is used to poison fish.
Corrently out of stock.

Prowse shrub.

Srowse shrub.

Construction, charcoal, fodder.

Currently out of ctock.

Currently out of stock.
Savloys, posts, firewood.

Coppices well; posts, poles, plles, fusl, honey
productien.

Sama aw above.

Same as above.

EY-LF

wg Xtpusddy

26



37.

aR.

33.
40.
4a.
A2.
43.
as.

45.

+46.

47.

L1

49,
30.
51.

52.

S3.

K- intextexta

x. malarophloia -

%. mlcrothscs
E. microthecsa
R. occidentalie

K. oleces
vnr. oleoss

R tarninalis
K. tenssllaris
E. torguata

Ocoffrass
decogticane

- Leucaana

leucocephala

L. leucoc 1a

L. leucocephals
L. leucocephals
L. leucocephala

Macroptiliom
g_!;r:!:. WIQUT UMW

M. stropurpurews

Inland Rad Rox

Rilver-Leaved
1ronbarck
Flocde] Box
Ylcoded Box
Pil.t“l‘nppod Tate

Rarrow-lsaved
Giant Mallee

Carbeen

Coral-Yiowered

Quoe

Leucasna

Leucaens.

lLavcaena
Laucaena
Launcsena

siratro

Stratro

CEIND, Auntrzlim
CSIRD, Rustralia

CZIR0, Australias
CBIKD, Rustralia
eq'xno. Auntralia

CRIRO, Mustralis

CRIRO, Ausgtralie
CS1IRO, Muntralia

CRIAC, Australia

SAOR, CETLIX

Univearslity of Baweil
Oniveraity of Rawaii

Dnlnro.lty of Hawsii
University of Hawail

University of Bawatlil

CSIR), Mistralis

cS180, Australie

t-

11738

13158

12848
13380
9806

12310

113686
12357

10168

BEL-T663

e

| & o
x67
K500

8003

8itvatro

New Boath Yales,
Australis

Quoansland, Australia

Quaaneland, Australia
Western Mastralis
Western Mustralia

fonth Aostralia

Quesnsland, Rustraiia
Quennslisnd, Mastralis

Wastern Rastralis

Chilean cosstal desert

Zacatecas, Mewxico

Rerida, Mexica
gnnta Crusx Porilloe,
Salvador

Australia

Cabo Ran Lucas, Mexico

Pual, sbelterbelts.
Fuol, honey produnction.

Puel, poles and posts, consarvation.
Szice as abnve.
Puelvood, timber, shade.

Congtruction, fuel, sssential oil, honey.

Fua lwood, honay.
Pualwood, honey production.

Ornswontal plantings, honey production.

Mltipl: use,
Currently out cf stock.

Tuslwond, forags, construction. eoll
ipprovement.

fuslwood, forage, soll conservatlon.
Same ap ahore.
*Cunninghanr® fcrage cultivar.

Currently out of stock.

Browsee shrmd.

>
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L)

SA. M. martii CSIRO, Avetralis 49780 Bahia, Brasil Srowse snrue.
55, M. martii CSIRO, Australis 53783 Petrolina, Brazil Currently out of stock.
56. Mitragyoa inormis 18ha/CNRY, BSepegal 02/604 Bandis, Senegal Firewood, sedicioe, fish backets.
57. Parkinsonia Horse-Bean Tree 1SRA/CHRY, Ssoegal 80/258 Bandia, Senegal Zual, erosion contral, fodder.
aculeata
58. Phaseolus CSIRD, Aumtralia 83005 La Paz, Mexico Currently out of etock.
filiformis \
s9. Prosopie e®p. University of Californie, PC 004 Currently gut of stock.
Riverside .
60. Irosopis sp. Dniversity of Californis, PC 005 Currently ont of stock.
Riverside :
61. P. africsva 18ZA/CHRF, Senegsl 106 Keur-Mactar, Seregel Charcoal, tsnnin, comstruction.
62, P. albs Algarrobo Blanco Texas ALl University 0166 Argentins (1) Fusl, timber, fodder, food, smenity planting.
63, P. alda Algarrobo Blamco Texas ALT University 6308 Argentina (1) Same a8 above.
64. I. slba Algarrobo Blanco University of Californis, JO 033 Argentins Curreatly out of stock.
Riverside
6s. I. glenduloss Honey Mesquite University of Arizone A Yuma, Arizona Currently out of stock.

66. I. gplandulosa Roney Mesquits University of Arizons ] Yuma, Arigona Currently out of stock.

67. Q. glandulosa
var. glanduloss

Honey Masquite Dnivereity of Califorais PC 032 g8anta Ana, Maxico Currently out of stock.

a8, P. glandulosa Honey Mesguite
vsr, glandulosa .

69. P. juliflors

Texas Department of
Health

Southern Texas Browse, food for human consumption, fuel,

posts, honey production,

Mesquite 1SRA/CHRY, Senegal 79/194 Fuelwood, construction, fodder, food for

human consuaption, gum, honey.

G Idngd
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70.
.
7.
73.
74,
75.
76.

77.
18.

79.

81.
52.

81,

P. velutina
P. velutina
P. valumins
T. walutine
P. yelutins
P. velurioa
P. velutina
F. velutfine
Simwondsis
chicenain

Styloacothes
hanvte
8. scahra

5. xcabra

fea

scrbra

. syspodialis

Tarchonsnthue
camptoratus

[l
'

Velvet Megquite
Velvet Nesquite
Velvet Masaduite
vdvet:_liesquitn
Velvet Msocuite
Velvet Mesquite
Velvet Meequite

Velvat Hesquite

Jojoha

Carghor Bueh

Doiversity of Arizoma
Mniversity of Ariscea
Univeraity of Artmons
Ooivaersity of Arisoma
Uaivereity of Arisona
Univereity of Arisosa
Texns ALl Univareity

University of Califoreia
Riverside

Usiversity of Ar{scua

C3IRY, Awstralis

£AIR0, Australia
CBIR0, Australis
CSIBD, Auntralia
CSIRO, Auwstralia

Bolus Berbariwm

162
163

163
in
172
0457
PC 033

Yerepo

Q10042

Hisroy

672703

Tucson, Arisona
Toceon, Avisoas
Tucson, Aricona

Eingeville, Texss

Acizona

Southarn Arizons

Coastal South America

Rahia, Brszil

Coantal Eguador

Blosmfontein, South

Alrice

Cuarrently m;t.
Currently oot
Currently cut
Currantly out
Curzently out
Currently out
Furrontly out

Currently out

of
of
of
of
of
of
of

of

stock.
stock.
stock.
atock,
stock.
stock.
stock.

stock.

Liquid wax; browse; sslt toleraat, drought

tolerant.

Browse shrub.

Nrousa shrub.
Browsa shrub.
Brovae ghriub.

Srowse ahrub.

Puelwood, fodder, windbresks,

wood, medicinal uses.

termite-~resistant

9 2am8g
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Uses, local names, and location of some speciet in Malaysia,

Table 8n.1!

Species Pr-sent/suggested uses Loca! nan'e Location
Bambuse erundinaces - - Penang. Singaporc Bowanic Gardens
8 blumeono —_ Buloh dun Pcnang, Selangor (Kepong), Pahang (Pekan)
" buimanica - Buloh aloh bukt Kedsh, Alor Star, Singapore .
doucesceny Picket fences, garden stakes, trellises, Buloh pagar Onginally from Jspan and Chins
baskets, srnamental and hedge planis 8
8 hererostachye - Buloh tilan/minysk/ Perak, N Sembilan, Melaka, Johore,
’ penng/ pengat Singapore
B klogsii - - Kedah, Perak (1000 m)
8 mogica —_ Buloh perindu Pahang Cameron Highland, Selangor,
Ulu Semanghkol
8 montane - - Penang Hill, Kedah
& peucifiore - Buloh pad: Pahang. Fraser Hill
R rilieye - Buloh akar Pahang, Singapore
8 spinose Bunlding purposes, baskets, mats, hats 8 - -
8 venincoso - - Originally from China
B. vulgaris Furniture, paper, pulp, shoots, Buloh minyak ss0; All over Malaysia
landscaping a.b aro/beting/ pan
8 wran Buloh sumpnan

Dendrocalamus asper  Laminated trays, plywoad, veneer, bridges,
fences, water vessels, racks, wables, chains,
cages, fish teaps, shools 8.b
D dumosus -
D elegons -—
0. giganteus _
D hirtellus -
0 pendulus Basket making
{) nnvatug
D sirictus
Dinochloa scandens
Gigertochloa 1p
U apus
G hasskarligna
£ lanfola
' vig
‘.. rigulaia

!

Rope making b
Structures b

i

¢ mceamea
var. viridis
var. minor
var aidlev

b sventiechenn

G wrats -

Schizostachyum
actculare
S brachyvelodum -

Handicralts

S crocile

N prande Rims for iarge datkers b

S insulore -
§ joculans Wind instruments, handicrafly 8

S. Ionguispiculaium —
‘reminale -~
ollingeri Handicrafts, baskets, traps, hats, woven

wares, rafts, floors, walls, partitions,
cooking vescels &

Buloh beting

Buloh betong
Buloh kapur

Buloh akar

Buloh akar

Buloh pahi
Buloh bisa
Buloh tikus/bilalai

Auloh semantan.

Perak-Gunong inas (15002000 m)
Culiivaied for shoots all over; Peninsular
Malaysis .

Kedah (Baling Hill), Langkawi

Kedah, Pulau Langlawi, Penang

Originally from Burma

Johore, Perak (Taiping), Kedah, Kelanian
Perak, Selangor, N. Sembilan

Perak, N Sembilan, Trengganu, Pahang
Originally from India

Perak

Selengor (Serdang), Singapore Botanic Gardens
Penang. Singapore

Kedah, Perak, Pahang

Sclangor, Melaka, Johore, Singapore

Perhis, Kedah, Perak, Pahang. Sclangor,
Kelantan

Sclanpor (Serdang)

Johore Kota Tingg

FRi, Kepong

Province Wellesley, Singapore Botanic Gardens

Kedah, Penang, Perak, Sclangor, N. Sembilan,

telur, rayah. Pa-aso/ Kelanean, Pahang

grla: seremai
Buloh ben

Buloh padi/akar

Kedah, Pahang, Province Wellesley, Perak,
Selangor

Johore, Selangor, N, Sembilan, Mclaka

Buloh nipis;lemang; Kedah, Penang, Perak, Pahang, Johore

padi/urat/rusa/
pelang
Buloh rupen/akar

Buloh semeling/
semenych

Buloh sumpitan/
(emmnulerap/
tikus

Buloh telor/pela ng

nipis/dinding/kasap/

kemang/aur

Johore: Selat Teberau, Kots Tingg:. Segamat,
§g. Sedili, Melaka: Bukn Tungal, Air Panas
Selangor: Sungai Labu: Pahang: Kwls

Bera, Pekan

Kedah: Grik; Perek: Cameron Highland;
Pahang: Kuala Lipss, Kelantan, Sclangor
Pulau Langkawi, Kedah, Penang. Johore

Pahang, Sclangor, Metaka, Johore, Singapore,
Perak

In all siates except Pedi, Kedah, P. Pinang
Treagganu, Province Wellesley

Kedah: Inchong Estate, Sg Kenan

Perak, Selangor, N. Sembilan, Pahang. Johore

2 Kuang T20 and Lin Wer-Chin {196,
Holttum, R.E. (16E).

C oeilhiamans :

Species of bamboos and their uses 1n Indonesis, Tab le 8n.2
§ - -
o K] — - -
28 e 5 ¢ » & F F ¢, %
s £z = 2 B o b3 -k - 3 E £ 3
=y £ & §E » £ i & w©E B @i §% 3 2t
‘5 h E - = 5 n E = > [ ) T s =8
Specics ©E P = i = I i 3 =T i X € a £ I O=
Arundinanig poprinn a . d ¢
oyonhir armdoey, ca . . b
i ana . . . d
R Mumevnu . . [ . 4
H plauresiem L] L b
B opodivmorpha . E . . )
H o vidporis . [ L] . 4 o o
Dend:ocolamus asper [ 3 ° [ . . [ ° .
I hing scandent . (]
Grzantnchloo apus . . 'y 'y . . . L . .
G urer . Y . . . . . L .
LAl ouer . . . . . . . .
fr vervillara . . . . L[] L . ¢
Suvties elegantissimus . .
h “ustachys gurea L] ®
r u .
"o Losta hvum Mume . . . . . .
S bruchydladum . ] . . 3 . ° . L
N cawdatum . .
N\ Jura . . . [ e b
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Table &n.3

Appendix 8&n
Page 2

Consumption (%) of bamboos in the Asia-Pacific Region by end-use and a
breakdown 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
_onstruction Rural Packag- manu- Othes .
Country Housing Others  uses ing facture  uses

Bangladesh 30 T0 20 L] 10 3
Burma 33 32 12 5 - I
India 16 16 K 7 17 14
Japan U ? i8 ? 4 4!
Philippines 80 - 15 2 - l
Thailand kk] 20 6 - 8 k]
Wslling of native huts Constructions
Bambusa rulda (Bu, Ba, Ind) Bambusa polymorpha (In, Ba, Bu, Ind,
B. polymorpha (Bu) Th)

B. blumeana (Ph)

B. aira (Ind)

Dendrocatamus asper {Ind)
Gigantochloa nigrociliara (Ind)
Melocanna baccifera (Ba)
Neohouzeoua dulloa (Bu, Ba)
Sinohamhusa elegans (In)
Schizostachyum lumampao (Ph)
Thyrsostachys siamensis (Ph)

T. oliveri (Th)

Lance staves

Bambusa blumeana (Ph)
Dendrocalamus sirictus (In, Bu)
Ochlandra ravancorice (In)

O. scriptorica {In)
Schizostachyum lima (Ind)
Thyrsostachys siamensis (Th)

T. oliverr (Th)

Thatching and roofing

Bambusa arundinaceo (In, Ba, Bu, Ind)
B. tulda (In, Ba: Bu)

B. vulgaris (Ind)

B. blumeana (Ph)

B. polymorpha (in, Bu, Ba)
Dendrocalamus siricius (In, Ind)
D, longispathus (Ra. Bu)

D. membranaceus

D. hrandisi

D. hamilionii

Giganiochloa arter (Ind)
Chimonobambusa falcata (In)
Melocanna baccifera (Ba, Bu)
Neohouzeoua dutiva (Ba, Bu)
Oxyienanthera monodelpha (In)
Schizostachyum brachycladum (ind)
Tea estates

Pseudostachyum polymorphum (In)

B balcoa (In)

B. 1ulda (In, Ba, Bu, ind)

B. arundinacea (1n, Ba, Ind, Th)

B. rutans (In, Bu, Th)

B. khasiana (In)

& vuigaris {In, Ba, Ph, Ind)

8. burmanica (Bz)

B. pallida (Bu)

B. blumeana (Ph, In)

8. atra (Ind)

Cephalosiachyum pergracile (In, Ba, Bu)
Dendrocalamus membranaceus (In, Ba,
Bu)

. hamilionii (In, Ba, Th, Bu)

. giganteus (In, Ba, Ind, Bu)

. longispathus (In, Ba, Th)

. strictus (In, Bu)

. calosiachyus (But

. merrillianus (Ph)

. asper (Ind)

Giganrochloa nigrociliata (In, Ind)
G. vericitlata (Bu, Ind)

G. levis (Ph)

Melocannag bacciferu (In, Ba. Bu)
Neohouzeoua di:livg (1n, Bu)
Oxyienanthera rigrocihara (Bz, Bu)
Schizostackyum lumampaa (Ph)

S. brachycladum (1ud)

S. lima (Ind)

Teinostachyum bed:Jomei (In)
Thyrsostachys oliveri

Phyllastachys sp. (Ja. Tai, Ko)
Walking sticks

Arundinaria armaia (In)
Dendrocalamus sirictus (ln, Bu)
Oxvitenanthera nigrociliara (Ba, Bu)
Phyllostachys manni

eAvRelvReRele)

{continued)
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Table 8a.5 continued

Appendix 8n
Page 3

Basket making
Arundinaria intermedia (in)
Bambusa nuians (in, Bu)

8. pallida (In, Th)

B. khasiana (In)

8. arundinacea (In, Bu. Ind, Th)
8. tulda (Ba. Bu, Ind, Th)

E. vulgeris (Ba, Bu, Ph, Tnd)

8. vitlulosa {Bu)

8. flexuosa (Th)

8. palymorpha (Ba, Ind, Th)

B. blumeana (Ph, Ind)
Chimonubambusa falcata (In)
Cephalustachyum pergracile {Ba, Bu)
Dendrocalamus hamilioniy (In, Bu)
D longispathus (lu, Ba, Bu, Tiy
D. stricius (In, Bu)

D. giganteus (In, Ba, ind)

D. merrillianus (Ph)

D. asper (Ind, Th)

Dinivchive compactifiorus (Bu)
Gigarnochloa nigrociliatg {In, Bu)
'G. macrosiachya (Buj
Indocalamus wightiana (In)
Melocanna buccifera (Ba, Bu)
Nechouzeoua hefferi (1 n}

N. dulloa (Bu)

Ox:enanthera riccheyi (In)

O. nigroriligta (Ba, Bu)

O. monostigma (Bu)
Pseudosiachyuni polymorphum (Bu)
Schizosiachyum diffusum (Ph)

S. lumanipao (Ph)
Thamnccalamus spathiflora (In)
Teinostachyum helferi (Bu)

7. griffithii (Bu)

Phvllostachiy sp. (Ja, Ko, Tai)
Loading vessels

Neohouzeoue dullou (In) -
Teinvsiachyum dulloa

Bows and arrows

Bambnuesa flexvyg (Th)

8 arundinaceqy {in)
Cephalostachvum capingrum (In)
C. pergracite

Dendrocalamus siricuy (tn)
Schizosiachyum rogersii (Bu)

8. lima (Ind)

Caooking utensils :
Bambusa arundingcea (Ind, Bu, Bu, Th)
B blumeana (Ph)
%‘;phalystarhyum pergracile (in, Ba, Bu,

)

Giganiuchloa atier (ind)
Neohouzeoua dullog
Schizostachyum zollingeri

Mais
Arundinaria iniermedia (In)
Bambusa nutans (In, Bu)
8. 1eres (In, Bu)
8. rulda (In, Ra, Bu, Ind, Th)
B. pallida {in, Da, Th)
8. arundinacea (In, Ba, Bu, ind, Th)
B blumeana (Ph, In)
Cephalosiachyum pergracite (In, Ba, Bu)
Dendrocalumus sirictus (In)
D. hamitionii (In, Ba, Bu, Th)
D. merriilianus (Ph)
D. membranaceus (Th)
D. brandisi (Th)
Dinochioa distans (Bu)
Gigantachloa levis (Ph)
G. atier (Ind)
G. macrostachya (Bu)
G. apus (Ind)
Indocalamus wightiana (In)
Melocanna baccifera (Ba)
Pseudustachyum polymorphum (Bu)
Schizosiachyum lumampao (Ph)
Teinvstachyumi dulloa (I, Bu)
Thyrsostachys siamensis (Th)
Water and milk vessels (Chungay;
water buckets; cups; containers
Bambusa pallidu {In, Ba)
B. tuld: (Ba, Bu)
B. blumeana (Ph)
Dendrocalamus sikkimensis (In)
D. giganieus (in, Ba, Bu, Ind, Th)
D. hookeri (In, Bu)
D. brandisi (Bu)
D. asper (Ind)
D. homilianii (Th)
Gigantochloa leviy (Ph)
G. asper (Ph)
Melucanna baccifera (Bs, Bu)
Hedges
Bambusu nang (In, Ba, Bu, Th)
B. vulgaris (Ba, Ind)
8. balcova (Ba, Ind)
8 arundingcea (Bu)
Cephalostachyum pergracile {Bu)
Cephalostachyum burmanicum (Bu)
Dendrocalanius giganteus (in, Ba, Bu, Ind,
Th) .
Gigantochloa atier (Ind)
G. nigrocihara (1nd)
Oxytenanthera nigraciliaia (Ba)
Thyrsostachys siamensis
Fuel
All bamboos and rhizomes of bamboos
(In, Ba, Bu, Ind)

(continwed)
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Seed food

Bambusa arundinacea (In, Ba, Bu)
Cephalostachvum pergracile (In, Ba, Bu) °
Dendrocalamus strictus (In)
Dinochloa compactifiora (Bu)
Melocanna baccifera (Ba, Bu)
Thyrsosiachys oliveri (Ba, Bu)
Furniture

Bembusa 1dda (Ba, Bu)

8. glaucescens (Ind)

8. vulparis (Ind)

8. arundinacea (Th)
Dendrocalamus strictus (In, Ba, Bu)
D. membranaceus (Th)

2. brandisi (Th)

D. latiflorus

D. longisparhus (Th)y

D. asper (Th)

Gigantochlua aner (Ind)

G. apus (Ind)

Melvcanna haccifers {(Ba, Bu)
Schizostachyum diffusum (Ph)
Thyrosastachvs siamensis (Ind, Th)
All thick-walled species (Ph,-Ind)
Phyllostachys sp. (Ja, Ko, Tai)
Agricuitural iimplements

Bambhusa vulgaris (Ba, Bu, Ind, Ph)
B. halcoa (Ba, Bu, 1nd)

B. hlumeana (Ph, Th)

B. flexunsa (Th)

Dendrocalamus strictus (In, By, Th)
D. merrillianics (Ph)

D. asper (1h)

Ochlandra travancorica (In)
Thyrsostachys siamensis (Th)

T. oliveri {Th)

All thinner varieties {In, Ba, Bu)
Fodder

Arundinaria racemasa (In)
Chimonobambusa densifolic (In)
Cephalosiachvum pergracile (In)
Dendrocalamus strictus (In)

D. sikkimensis (In)

Leaves of all bamboos (Ba, Bu, Ind)
Floats for timber: rafts

Bambhusa arundinacea (In, Bu, Th)
B. hlumeana {Ph, Ind)
Dendrocalamus hamilionii (In, Bu)
D. longispathus (Ba)

D. disians

D. asper (Ind)

D. memhrenaceus (Th)

Ochlandru seriptria (In)
Melocanna baceifera (Ba, Bu)

M. compactiflorus (Th)
Neohouzeoua dulloa (Ba)

Too! handies

Bambusa blumeana (Ph, Th)
B. flexuosa (Th)

B. pclymorpha (Ba, Bu, ind)
Dendrocalamus asper

D. strictus (In, Th)

D. merrillianus (Ph)
Ochlandra travancorica (In)
Teinostachyum griffithii (Ba, Bu)
Thyrsostachys siamensis (Th)
Solid varieties (Ind)

Fencing

Indocalamus wightianus (In, Ba, Bu, Ind,
Ph, Th)

All bamboos (In, Ph, Ba, Bu, ind, Th, Ja,
Ko, Tai)

Hookah pipes
Chimonobambusa falcaia (In)
Phyllostachys sedan (Bu)
Thamnocalanzus spathiflore (in)
T. aristatus

Teinostachyum griffithii

Fishing rods

Arundinaria amabilis (in)
Bambusa glaucescens (Ind)

B. arra (1hd)

Chimonobambusa falcaia (in)
C. khasiariz (In)

C. intermedia (In)
Dendrocaiamus strictus (In)
Schizostochyum zollingeri (Ind)
S. blumei (Ind)

S. lima (Ph)

Thyrsostaihys siamensis (Th, Ind)
T. oliveri (Th)

Phyllostachys nigra (Ja)

Shoots for food

Bambusa 1ulda (1n, Ba, Bu, Ph, Ind)
B. arundinacea (In, Ba, Bu, Ind)
B. riana (Bu)

8. vulgaris (Bu. Ph, Ind)

B. blumeana (Ph)

B. glaucescens (Ind)
Dendrocalamus hamiltonii (Ba, Bu)
D. latiflorus (Tai)

D. gixanteus (In, Ind)

D. longispathus (Ba)

D. flagellifer (Bu)

D. merrillianus (Ph)

D. asper (Ind, Th)

Dinochloa scandens (nd)
Gigantochloa nigrociliata (ind)
G. hasskarliana (Ind)

G. veryicillaia (Bu, Ind)

G. levis (Ph) (conrinuerd)

AN
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G. atter (Ind)

G. alhociliata (Th)

Phyllostachys edulis (Ta, Ja, Ko)
Schizostarhyian brachycladum (Ind )
S. blumei (Ind)

8. zollingeri (1nd)

Sinvbambusa elegans (Iny
Thyrsustachys siamensis (Th)

All large bambous - shoots (Th)
General utility

Bambusa arundinacea (In, Ba, Bu)
8. tulda (Bv)

8 pallida (Bu)

8. blumeana (Ph)

B. vulgaris (Ph)
Cephalostachyum pergraciie

C. burmanicum

Dendrocalamus sirictus (ir., Bu)
D. hovkeri (In, Bu)

D. hamihonii (Ba)

D. calostachyus (Bu)

D. merrillianus (Ph)

Dinochlua sp (Phy)
Giganiochloa levis (Ph)

G. asper (Ph)

Neohouzeoua dulloa

All strong bamboos (Ind, Th, Ja, Ko, Tai)
Punting poles

Oxgtenanthera srocksii (In)

Solid varieties (Ba, Bu)
Phyllosiachys nigre (Ja)
Sericultural industry — trays for
sitkworms

Bambusa arundinacea (In)
Dendrocalamus strictus (1n)
Thyrsustachys siamensis ( Th)

All bamboos (Bu, Ind) _
Chicks for dours and windows
Bambusa arundinacea (In, Bu, Ind, Th)
8. polrmorpha (Ba, Bu)

B. blumeanu (I'h, Ind)

B. vulgaris (Ind)

Denchrocalanmu strictuy ( In)

D. lorgispathus {Th)

D. membranac s {(Th)
Melvcanng hambusoides
Neohouzeuua dulloa (Ba, Bu)
Schizostachvan lumampao (Ph)
S. zollinger: (Ind)
Thyrsusiachvs viamensis (Th)

1. oliveri (Thy

All bamboos {1, Ko, Tay)

Pipes

Bambusa uruindinucea (Bu)
Neohouzeoua dulloa (Bu)
Teinostachyun: griffithii (In, Ba)

Haystack stabilizers

Bambusa vulgaris (Ba, Bu)

B. 1ulda (Ba, Ru)

B. blumeana (Ph)
Dendrocalamus siricues (In)
All bamboos can be used (Ind)

Horticultural pursuits

Bambusa arundinacea (In, Bu)

8. polymorpha (Ba)

B. blumeana (Ph)
Dendrocalamus strictus ()n)
Melocanna baccifera (Ba, Bu)

All bamboos (Ind, Th)

Other streng species (Ph)
Cremation; coffins

Bambusa arundinacea (In)
Dendrocalamus stricrus (In)

All bamboos

Cradles

Bambusae arundinacea (In)
Dendrocalamus strictus (In)
Sceffoiding

Bambusa arundinacea (in)
Dendrocalamus stricius (In)

Cart yokes

All large-sized, hard and solid bambouos
(in)

Ladders

Bambhusa arundinacea (In)
Dencrocalamus sirictus (In) A
Musieal instruments (flutes; murimbs;
horns; clarinets; flageolets; saxophiones;
piccolos; drums; etc.)
Arundinaria sp.

Arundinaria mitskayamensiy (Ph)
Dendrocalamus stricis (In, Th)
D. longisparhus (Th)
Giganiochloa aner (Ind)
Schizostachyum lima (Ind)

S. blumei (Ind)

All small-sized bamboos (Ph)
Containers for cleaning grains
All bambaos (In)

Protection duting grain pounding
Bambusa arundinacea

All large-sized bamboos (In)
Csri sheds; roofs

Bambusa blumeana (Ph)
Dvndrocalamus merrillianus (Ph)
All bamboos (In)

Stakes for foresters
Thyrsostachy's siamensis (Th)

T. oliveri (Th)

All bamboos (In) {continued)
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Country tiles

Bambusi arundinacea ( In)

Pan trays

Neohouzeoun dulloa (1n)
Teinosiaehvum dulloa (Bu)

Seed drills

Dendrocalamus seriets

Containers to administer medicine to
animals

Rambunsa arumdinacea (In)

Fishing implements; floats; pens; fraps
Bambusa polvmorpha (Ba, Bu, Ind)
B. atre (Ind) .

B. vulpariv (Ba, Bu)

B. blumeana (1Ph)

Gigantoehloa leviy (Ph)

Melocanna haceifera (Ba, Bu)
Neohouzeoua dulloa (Ba, Bu)
Schizastachvum bliuneana (Ind)

S lumampao (Ph)

Boat roofs

Bambusa arundinacea ( in)

B. tilila (Ba, Bu)

B. bhu.neana (Ph)

Yelocunua haceifera (Ba, Bu)
Ornaments

Bambiina vulgaris (Ind, Ba, Bu, In, Ph)
B. nana (Ph)

B. vulearis var. siriara ( Ph)

B. gluucescens (Ph)

B. polvmaorpha (Ind)

B. arra (Ind)

Cephalostachyum pergracile (In)
Dendrocalamus giganteus
Phyllostachys aurea (Ind)
Schizestachyum hrachyeladum () nd})
S. zoflingeri (Ind)

Thyrsostachys siamensis

Culm sheuths (irrigation)

Bambusa hlumeana (Ph)

Climbing species of bamboos (Ph)
Dendrocalamus longispathis (Bu)
Gigantachloa macrostachya (Bu)

G. leviv (Ph) .- -

Cordage

Bambusa vulgaris (Ph)

B. arra (Ind)

Dendrocalamus sirictus (Bu)

. merrillianus (Ph)

Dinochioa scandens (Ind)
Prewtostachvinn pedvmorphum (Bu)
Inner layer of culm sheath as cheroot
wrapper

Denedrocalamus hamilionii (Bu)
Plaited shoes

Dinochlog compactiflora (Bu}

Umbrells hsndles

Melucanna haccifera (Ba, By)
Oxvienanthera stocksii (Ind)
Teinostachyum griffithii (Ba, Bu)
Thyrsostachys siamensis (Ru)
Shuttles

Bambusa blumeany (Ph)
Piculan

Bambusa glaucescens (Ind)
Tobacco drying

Dinochloa scandeny (Ind)
Nastus elegantissipiy {ind)
Phyllosiachys eduliy (Jap)

Boat masts -

Bambhusa blumeana (Ph)
Dendrocalamus hrandisi
Gigantochloa levis (Ph)

Joints for cooking glutinous rice
Cephalosiachyium pergracile (Bu)’
C. hurmanicum (Bu )

Bridges

Bambusa hlumeana (Ph)

B vulgaris (Ph) :

E. arundinacea (Ph)

Boat plying rods

Bambusa polymarpha ( Ba, Bu, Ind
8. glaucescens (Ind) ’
Melocanna baccifera (Ba, HBu)
Rickshaw hoods

Bambusa vulgaris (Ba)

Pea sticks

Thamnocalamus spathiflora (In)
Barbecue skewers

Bambusa hlumeana

Trellises

Bambusa arundinacea (in)

B. blumeana (In)

All large-sized bamboaos

Flues

Bambusa blumeana (Ph)

B. glaucescens (Ph)
Schizostachyum lumampao (Ph)
Hats

Bambusa hlumeana (Ph)

B. vulgaris (Ph)

Barrels for toy cannons
Bambusa blumeana (Ph)
Gigantochloa levis (Ph)
Sledges (transport)

Bambhusa blumeana (Ph)
Dendrocalamus merrillianus (Ph)
Hsandicrafts

Bambhusa hlumeana (Ph., Ind)
B. vulgaris

Dendrocalanus asper (Ind)
Dinochloa scendens (Ind)
Gigantochloa verticillata

G. atier

G. apus

Nasuues elegantissimus
Schizostachvum lima (Ph)

S. brachycladum

S. blumer (Ind)

All bamboos (Th)

Sprayers

Bambusa blumearna (Ph)
Polo malleis

Bambusa blumeana (Ph)

Eyeliner

Dinochloa scandens(ind)
Jaundice treatment

Bambusa vulgaris (Ind)

Ladders

Bambusa arundinacea (Ind)
Dendrocalamus siricius (Ind)
Afforestation of riverbanks and il
conservation areas: shelter brelts;
windbreaks

All bamboos
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Appené 1% ‘8n

. Afforestation of river banks snd soil conserration aress, shelier belts and wind belts :
8ll bamboos. '

Agriculturs! implements : Bombusa bulcboa, Bambusa wulgaris, Dendrocalamus  strictus*
Ochlandra travancorica, all thinner varicties.
Bamboo bats : Bambusa MNumeana, Bambusa rulgaris.

Basket making : drundinaria intermedia, Bambusa arundinacen, Bambusa nutons, Bambuso pollida,
Bambusa khasiana, Bambusa tulda, Bambusa wvulgaris, Bambusa polymorpha, Chimenobambusa
Jaleata,  Dendrocalamus giganteus, Dendrocalamus longispathus,” Dendrocalamus hamiltonii,
Dedrocalamus strictus, Gigantochloa nigrociliata, Indscalamus wightiana, Neahoureous Aelferd,
Oxytenanthera ritchevi, Thamnocalamus spathifiora. T

Boat plying rud : Bambuso glaucesceus and Bambusa polymorpha. )

Bows and arrows ¢ Bambusa arundinacea, Cephalostachysm mﬂ'mtum.;clqphdh'dadlﬁéﬁ pergrocile,
Dendrocalumus strictus. R

Bridges : Bambusa arundinacea, Bambusq wulgaris.

Cart coataivers 2ed roof : All bamboos. ]

Cart yokes : All large sized hard and solid bamboos,

Chicks for doors and windows : Banbusa arundinacea, Dendrocalomus strictus.

Combs : Oxyrenanthera bourdillonii,

Coataipers for cleaning grains : Al bamboos,

Contaioers to curry maps : Oxyptenanthera bourdillonii,

Constructions : Bambusa polymorpha, Bambusa balcoos, Bambusa tulda, Bombusa erundinacea,

. copitatum,  Cephalostochyum pergracile, Dendrocalamus membremaceus,  Dendrocalomus
hamiltonil, Dendrocalamus glganteus, Dendrocalamus longlspathus, Dendrocalomus strictus,
Gigantochloa nigrociliata, Melocanna boecifera, Neohouzeaua dullooa, Oxytenanthera stocksii,
Teinostachyumn beddomei, Thyrosostachys oliveril, .

Containers to sdmiaister medicine to Bulls and animals : Bombusa anendinocea.
Country tiles : Bambusa arundinacea.

Cooking ateasils : Bambuss oru idinacea, Cephalostachyum pergracile.

" Cradles : Banbusa arundinacea, Dendrocalamus strictus. )
Cremation & Cofins : Bambusa arundinacea, Dendrocalamus strictus and all bamboos.

Fenciog : Ind>calamus wightianss, Oxytenanthera manodelpha, Oxytenanthera ritchev] and all
bamboos.

Fishing rods : Arundinaria amabilis, Chimonobambusa falcats, Chimonobambusa khosiona,
Chimsnobambusa Intermedia. Dendrocalamus stricuus.

Floning timber aad rafting : Bombusa enmdinacea, Dendrocolomus kamilionii, Ochlondrc
seriptoria, .

Flooring : Bambusa pslymorpha.

Fodder : Anmdinaria racemasa, Chimonobabusa  densifolia, Cephawstachyuon  epliotum,
Cephalastachyun pergracile, Dendrocalomus stkkimensis, Dendrocolamus strictus, Ochlondra
travancorica, Bambusa arundinacea and leaves of all bamboos.

For Joundice ¢ Bambusa vulgaris. .

Fael : All bamboos and rhizomes of bamboos.

Farslture : Bombusa arundinacea, Bambusa glaucesceus, Bambuse tlda, Bombuse wilgaris, all
thick walled species.

General atility : Bumbusa arusdinacea, Bambusa tulda, Cephalostachpum burmanicum,
Cephalostachyum pergracile, Dendrocalamus hamilionii, Dendrocalamus hookerl, Dendrocalamus
strictus, o)l bambcos which are strong.

Hndicralts : Bambusa blumeana, Bambusa vulgaris.
Hedges : Bambusa nana, Dendrocalamus giganteus.

Hookah pipes : Chimaobambusa falcata, Thamnocalamus eristatus, Telnostochyum  griffithil,
Thamnocolamus spathifiora.

Bambusa nutants, Bambusa khaslona, Bambusa wulgaris, Bambusa blumeanc, Cephalosiachyirs

Horticulteral parsuits : Bambusa orundinocea, Dendrocolamus strictus, all bamboos and other

strong specices,
Ladders ;: Bambuso anndinacea and Dendrocalamus strietus.

Page 7

BIpU] Ul S00qUEq jo Sasp

101

$991n0g

(1851) jueg pue yemawp



107

. v 1
Lance staves : Dendrocalanus Strictus, Ochlandra seriprorica, Ochlundra travancorieq. Appendag Bu-
Lattle shats ; Dendrocalamus strictus, Ochlandra species. Yage 8

Laading vessels : Neohauzeayn dullova,

Mats : drusdinacia intermedia, Arundingcia racemosa, Bambusa arumdinecea, Bambusa blumeana,
Bambusa nurans, Bambysg pallida, Bambusg teres, Bumbusa (ulda, Cephalostachyum pergracilc -
Dendrocalonius hamiltonii, ‘Dendrocalamus strictus,  dndocalamus wiglitiona, -Neohauzeoua
duloca, Ochlandra ¥eriptorica, Oclilandry travancorica, Oxytenanthera wigrociliala,
Teinostachyum dullooa,

Match boxes and spliats : Ochlandra travancorica,

Musical instraments : (Flutes, mariba, horns, clarionets, flagerlets, saxophones, piceolcs,
drums, etc.) ; Arundinaria spp., Dendrocalamys 8tricus, all small sized bamboos.

Irmamental purposes : Bambusy vulgaris, Cephulostcliyum pergracile,  Dendrocalomus gigonteus,
Phyllostachys aureq, Oxytenanthera monadelpha, Thyrsostach S sicmensis,

Pandals for shade : All bamboos.
'an trays : Neohauzequa dullooa, .
Paper and Pulp :—Ap idea 2bout the changes in the utilisation paitern of bamboo in the
roJuction of paper and paper board can be had from Table 1. S
Table ¢

Production of Paper and Pgper Boord ond Consumpiion of the
Ruw Materic] Jor the Indusiry

. Name of the Raw material und its percentage (by weight)
Year Iﬁg;;:og‘gggfd use in the manufacture
in *_ tons { | Waste Agricul- | Hard } Imporied
C Grass | Rags | Paper_tural waste] Bamboo | wood f wood
1936 40 29.31 127 501 0 49,08 o 9.33
1952 130 1286 630 6.30 0 73.59 o 0.95
1958 203 823 41 411 3.29 413 115 4.98
“1970 758 975 487TI31 T ZE segy 1951 o4
1915 959 9.83 409 6.55 2.15 4754  :2954 0.00
1980 2001 6.42. 366 6.42 2,375 29.35 5137 0.03
(estimated)

Source : Pant, M.M., 1977, ‘Socio-Economic Returns of Applied Research'in the Cellulose
and Paper Branch of Forest Research Institute', )

The country’s paper industry mainly depends upon Dendrocalamus strictus and Bambusa
Grundinacea. The mils in the norih mainly use the former species while those in the cast and
the south use both, Bambusa wutans, Bambusa tulda, Dendrocalamus hamitionii and Melocanng
baccifera are some of the other bamboo specics with limited wses, Presently, nearly 3 million

tons of bamboos are used annually by tae paper industry with possibilities of a substantial rise
in the intake if economically avajlable,

Other suitable pecies  arc :—Neohuuzreaua dullsoa, Ochlondrs ﬂmndijﬂ,-'OChlbvdm
reheedii, Ochlandrg seriptria, Ochlandra setigera, Ochlandra wightii, Oxytenanthera nigrociliata,
Bambusa aridinacea, Boambusg Rutans, Bombusa Polymorpta, Bombusa ai:1a, Dendrocalomug
asper,  Dendrocolomus brand;sii, Dendricalcmuys hamiltonii, Dendrocalamus dongispathys,
Dendrocalamus membnunceus, Thyrsostachys oliveri, Thyrsostachys Siamensis,

Pea sticks : Thamnocalamys spathifiora.
Pipes : Bambusa arundinaceo, Dendrocalons hamiltonii and Teinostachyum erifekii.
Polomallets ; Bambusa blumeana (Basal portion of culm).
Protection while pounding grain : Bambusa arutdinacea and alj big sized bamboos,
Puating poles : Oxytenanthera Stocksii, Oxyteaantherg ritchevi, solid varieties,
Rickshaw hoods ; Bambusa vulgar;s, Dendrocalaniye species,
Roofing of boats : Bambusa arundinacea, Bambusa tulda,
Scallolding : Bambusa arudinacen, Bambuso vulgaris, Demirbcalamu: Strictus,
" Seed food ; Bamnbusa aruadinacea, Cepl:alo:/udryum pergracile and Dendrocalaius Strictus.
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Seed drills : Dendrocalomus Strictus,

Sericultural Industry : Trays for rearing silk worms : Bambusa arundinacea, Dendrocalamus
strictus, Thyrsostachys siamensis. ‘ :

Shoots as vegetables and food : Bambusa arundinacea, Bambusa nane, Bambusa tulda,
Bambusa vulgaris, De.drocalamus gigaateus, Dendrocalamus haemiltonii, Dendrocalamus
longispathus, Sinobambusa elegans and all large bamboo shoots.

Stablishing haystocks : Bambusa ‘blumeana,  Bambusa tulda, Bambusa vulgaris, Dendrocalamus
stricius (All bamboos can be used). .

Stakes in Forestry practices : All bamboos.
Tea estates : Pseudostach yum polymorphum,

Thatchiog and roofing : Bambusa erundinacea, Bambusa polymorpha, Bambusa tulda, Panbusa
vulgaris, Chimnobambusa Jalcata, Dendrocalamus brandisii, Dendrocalamus  hamiltonii,
Dendrocalamus longispathus, Dendrecalamus membranaceus, Gigantochloa atiar, Oxyienanthera
monodelpha, Dendrocalamus strictus.

Tool Zandles: Dendrocalamus merrillianus. Dendrocalomus  stricsus, Ochlandra travancorica
and all solid varicties.

TYeellis work : Bambusa arundinacea, Bambusa blumeana and all big sized bamboos,

Umbrelia handles : Melocanna baccifera, Neohauzeaua dullooa, Oxytenanthera ritchevi Oxytenan-
thera stocksii, Teinostachyum griffithii.

Working sticks : Aruadinaria armata, Dendrocalamus strictus, Octlandra travancorica, Oxytenan-
thera nigrociliata, Oxyrenanthera ritchevi, Phyllosiachys manni,

Walliag of native huts : Arvadinariy racemosa, Bambusa atra, Bambusa polymorpha, Bombusa
tuld:, Gigantschloa nigrociliata, Ne dhauzeaua dulloa, Oxylenanthera nigrociliata, Sinobambusa
elegans.

Water and milk vessels (Thunga), water buckets, cups and coniainers : Bambusa pollida, Bambusa
tulda, De.drocalamus asper, Dendr sealamus giganteus, Dendrocalamuy hamiltonil, Dendrocala.

mus hookeri, Dendrocalamuys si <kimmensis, Gigantochloa aspera, Gigantochloa levis, Melvcanna
baccifera. '
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Ecological requirements of some artificial}y established browse

species in North Africa

- (Source: Le Houérou, 1980)

Rainfall Mean minimum
Species in mm t .ofoJanuary Soils
in C
Acacia cyanophylla > 250 >3 Deep sandy

¥ ligulata > 150 >3 o

¥  salicina > 150 >3 "

" wvictoriae > 150 >3 Silty to sandy
Artenisia herba alba > 150 >-2 'Silty, Shallow
Atriplex canescens | '> 200 >-5 Sandy to Silty

" . glauca > 150 > 1 Silty to clayey,salin:

" . helinus. +> 150 > 1

" nucmularia > 200 > 1 'Silty foﬁclayey

"EC < 20 wmhns

Rrachychyton populncum > 360 >3 Various
Broussonetia papyrifera > 4C0 >=1 Naricus
Calligonun comosunm > 80 >=1 Drifting send
Cassia sturtii > 150 >3 '8ilty-Sandy
Celtis australis > 700 >.1 Various
Ceratonia siliqua > 300 > 3 éilty-sandy Rocky
"Chenopodiun auricomum > 200 >3 .Varipus
Ccronillé,glauca > 300 > 2 - Silty, Shallaw
Eleagnus éngﬁstifélia 57300 >-2" “Various o
Fraxinus éxyphylla > 500 >—l Various
Gleiditshia tfiaqanthos > 400 ->=5 Various
Haloxylon ephyllum > 80 >-{0 Silty-claycy.

- parsicum > 80 >-10 Sandy
Hedicago arborea > 30 > 2 Silty, Shallow
Morus alba > 350 >=5 Various’

Olea eurdpaca > 200 > 2 Dccp.sﬁndy
Opuhtia ficus- indica inermis > 290 > 2 Deen sendy
¥ fusicadiis ' > 200 > 1 I
" inemis > 200 > ) i
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Prosopis juliflora >200 2 Sandy
Vitis berlandieri »200 =5 Various
" riparia >200 -5 “
" rupestris >400 -5 "
[1]

" vinifera > 200 ~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 conditiona
prevailing in northern Africa, except in the desert where rainfaill does

not reach the 100 mark.

S\
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‘MASTERLIST OF WOODY SPECIES UNDER CONSIDERATION
AS NITROGEN-FIXING TREES :

(J. Halliday amd P.L. Nakaa, eds.,
Frepared for Bellagio Worlkshop: Document #1)

1. The NFT Masterliat includes:
~= 997 =species

family even though

== all woody species of the leqgume
fin

confirmation that they individually nodulate .and
mtrogen may be lacking

—=- all species ot all other genera in which a species has
been confirmed to nodulate or fix nitrogen.

2. The macter)lizt is abstracted +rom a larger data base main-
tained by the Unjiversity cf Hawail MiI'TAL Froject. The
complete data baze 1ncludes a gerneral characterization of each
species, and epec:fies 1te microsymbiotic affinities, both
rhizobial and mvcorrhizal.  The complete data base also citoes
the =zcientific lateratwre that substant:ates that a listed

speciez: doac or does not {1 nitrogen.

The Masterl:st ie actualiy the tirst section of a more
campleie publication available directly from NiFTAL (F.0. Hox
0, Faia, Hawaii 96779, USA):

Halliday.J., and F.L. Nalao. 194.. The symbiotic affinities ot
woody species under consideration as nitrogen—-fixing

trees. Univer«itv of Hawaii NiFTAL Project. B85 paqges.


http:Maste.rl.st

Acacia abyssinica
fcacia acinacea
fAcacia atuminata
Acacia adenocalyx
Acacra adunca
fcacia alata
Acacia albida
fcacia anceps
Acacia aneura

Acacia arakica (nilotical

* sc1a arenaria
fitscia arsata
Acacia aroma

fcacia 3spera

dzacis atazacanths
Atatla eulscocarpa
Atacia auriculitorars
Acacia barleyana
Acatia berlandirri
ficacia bestzriana
Azac1a bidentata
Rracia hiifare
ncacia blately:
Azacia bnnartersis
Acacis borlacs
Acacia brachybatrya
Acacra brachyslachya
fAcacta burkei

Acacia buxifalia
Acacia byoneana
Acaciaz catfra

Acacia calaméolia
fAcacia zalcin
Acacia caabagei
Acacia cana

Acacia cardiophylla
Acacia catechu
fAcacia cavan

Acacia cavenia
Acacia celastrifolia
Acacia thariessa
fAcacia rograta
fAcacia cnlletoides
hcacia corplanata
fcacia confusa
dcacia constricta
fcacia crascicarpa
Acacia cultriforais
Acacia cunninghact:
Acacta cupressiforals

Acacia cyanophylla isaligna)

Acacia cyclops
Acacia davyi
Acacia dealbata
kcacia deaniy
Acacia deanel
Acacia dezora
Acacia decurrens
Acacia diptera
Acacia doratexylon
hcacia druasondii

_Atacia edvendergiana

fcacia elata

Acacia eromophila
ficacia eraicitolia
fracia erinacea
Acacia erubescens
fcacia estrophiolata
dcatia ercelsa
Acacia 2ttensa
fc3c1a exevtalis
hracra farnosiana
nceo12 filifclia
fitatid freh-iata
fAcacre fistula
Acacia flava

hcacia flechs
Acacia fleruosa
Acacia floribunda
ficacia gqalpinli
hcacia gemstoides
Acac13 georginae
fAcacia giraffae
Acacia gladiiforais
Acicia glaucescens
Acacia glaucescens
Acacia glaucoptera
Acacia glceerasa
Acacia goetrii
Acacta grandicornuta
Acacie granitica
fcacia qregqii
hcacia haieoides
fcacia harpoohylla
Acacia harveyl
Acacia hastulats
Acacta tebeclada
fcacia hareroensis
firaria heteracantha
fcaci2 heteraphylla
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Acacis holosericea
Acacia hoaalophylia
Acacia horrida
Acacia horridula
fAcacia huegelii
Acacia instia
Acacia jonesii
Acacia juniperima
Acacia karoo
Rcacia kavaiensis
Qcacia kespeana
Acacia kirkii
Acacia koa

Acacia koala
Acacis kraussiana
ficacis latifolia
Acacia leptoneura
Acacia lteccophloza
Acecia linearis
Acacia lineats
fcacic linqulata
£ratia lodert
ficacie lorgifclia
fzizra lyederitoin
Acacia junata
Acacia aicrantha
Acacia sacrathyrsa
Acscia mangiua
fcacis searnsii
fAcaciz aelanoxylon
fcacia eellel
Acacia sellifera
Acacia sicrobotrya
fAcacia sollissim
Acacis eollissima
Acacia sooreand
ficacia syrtifolia
fAcacia nebrownii
Acacia neriifolis
Acacia nervosa
Acacia nigrescens
Acacia migricans
Acacia nilotica
Acacia nubica
Acstia cbliqua
Acacia obscura
ficscia orfoto
fcacit oswaldii
Acacia parramattensis
Acacia pence



Azacra pernata
heacra pentadenia
fcacia pentagona
Acacia persixta
Rcacis podalyriaefalia
Acacia polyacantha
Aracia pravissiea
Azacia prosinens
fcacia pubescens
Acacia pulthella
. Acacia pusila
Atacia pycnantha
Acacia raddiana
frecia reficiens
hracia rehaanniana
Acacia rectracea
fcacia rhetinodes
fcacia richit
Acacia rigens
ftacia robusta
hcazra rostellifera
Acacia rubida
Acacie salicina
heacia saligna
Pzacia schweinfurthii
Acaria scorpoides
Aeatia senegal
Acscia seyal
hcacia siarensis
4r3zia sieberana
hrazia silvicola
Acacta spadicigera
Azacia spathulata
Acacia spinescers
fitsc1a spirocarpa
fcaria squamata
Acacia stenophylla
Acacia stencptera
Acacia strigesa
fcacia stulaanii
Acazia suavolens
Acacia subcaerules
Aracra suffructescens
Atacia sulcata
ficacia swarita
Acacia tamsinensis
ficacia tennispina
Acicia tetragonacarpa
Acacia tosentosa
Acacia tortilis

fcdcia triptera
Acacia tucuaanensis
ficacia unicifera
Acacia urophylla
Acaciz verel

Acacia verticillate
fAcacia victoriae
fitacia visco

Acacia visite
Acacia volubilis

Acacia welwitscii

Acacia xanthophloea
crocarpus fraxinifclius
Adenanthera bicglor
Adenanthera interaedia
Adenanthera pavonina
Afzelia africana
Rtzelia quanzensis
firyantha barneensis
Riryantha schaeinfurthi
Albtzia acle
Albizia adianthifolia
Albitia amara
filbizia anthelaintica
Albr21a antunesiana
Albizr3 brevifolia
Alkir1a carhonaria
flboizira chinencrs
Rlti121a distachya
Athicia ealencic
Ribiz1a f3lrat ria
Albizia forbesii
Aldizia glaberriaa
Atbizra quanifers
Albizia harveyr
Albizia ;ulibrissin

“Albizia katangensis -

Rlbiz1a lebbel
Albizia lebbekoides
fluizra lophantha
Albizia moluccana
Albicia odoratissias
Albrzia petersiany
Aibizis procera
Albi2ia retuss
Albizia saponaria
Albiz1a schiaperana
flbizi1a stipulata
Albiz12 tinganyicensis
Albizis versicalor
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Albizia zisseraannii
Aldina insignis

Alera imperatricis

Alnus acusinata

flnus cardata

Alnus crispa

Alnus firaa

Alnus formosana

Alnus fructicosa

Alnus glutincsa

Alnus hirsuta

&lnus incana

Alnus jorullensis

Alnus maritiea

Alnus mollis

Rlnus aultinervous

Mlnus nepalensis

Alaus nitida

Alnus orientatis

Alnus rubra

Altus serrulata

Alnus syeboldiana

Alnus sinuata

Alnus teauifolia

flnus tinctoria

Alpus undulata

&lnuz viridis
fsblygonacarpus andongensis
Asburana acreins
deburana cearensis
fakerstia nabilis
Raphiaas ferruginess
Anadenanthera colubrina
fnadenanthera peregrine
Androcalyesa glabiforue
Angylocalyx oligophyllus
fngylccalys zenkers
Antheroporue pierre)
finthonotha eacrophytla
Apalcrylon sadagascariensis
fAphonocalyx cynoaetroides
fpoplanesia paniculata
fiprevalia fleribunds
Apuleia praecox
Arthrotarpus gracile
Arthrosasanea pistacisefolia

- fAteleia pterocarps

Barkizea insignis
Baikisea plurijuga
Baphiopsis parvitlora

\\\‘\'



tarklya syringifolia
Batesia floribunda
bathraea rubit)ora
Feudcuinma sollyiforars
Fauhinia acusinaly
Sauhinia benthasiana
bauhiniz bidentata
Bauhinia binata
Bauhinia blakeana
Bavhinia candicans
Bauhiria carronni
Bauhinia coryabosa
Bauhinia cugingiana
Bauhinia diphylla
Rauhinia excisa
Bauhinia galpimii
Bauhinia kirkn
Bauhinia *ochiana
Bauhinia kunthiana
Rauhinia macrantha
kavhinia ealabariza
bauhinia eegalandra
bavhinia zonandra
Bauhinia pauletia
Rauhiniz petersiana
Bsuhinia purpurea
Bathinia raresosa
Bavhinia reticulsta
Bavhinie toscatosa
fehainia cubensis
Relairia spinos2
bergeromia sericed
kerlinia acusinata
berlinia confusa
Berlinia grandiflora
‘Bolusanthus speciosus
Bowdickia virqilicides
Brachystegia allenii
Brachystegia appendiculata
Brachystegia boehaii
Brachysteqia glaberrisa
Brachystegia glaucescens
frachystegia kennedyi
Brachystegia laurentii
Brachysteqia leonensis
brachystegia sanga
Rrachystegia aicrophylla
Brachystegia nigerica
Brackystegia spiciforais
Brachystegia utilis

brachysteqia wangergeeana
Brand:eia filicifolia
Breniera insignis
Brongniartia einutifolia
Brongniartia podalyroides
Brownea ariza

Brownea capitella

Brownea coccinea

Brawnea crawfordii
Brownea grandiceps
Brownea latifolia
Browneopsis ucayalina

" Brya ebonus

Burkea africana

Bussea occidentalis
Butea eggelingii

Butea sassaiensis

Butea aonosperaa

€Cadia purpurea
Cavsalpinia echinata
Caesalpinia peltaphoreides
Caesalpinia pulcherrina
Cajanus cajan

Catliandra affinic
Calliardra calothyrsus
Calliandra eriophylia
Lalliaadra fali0sa
Catliandra qrandiflora
Calliandra quildingui
Lailiandra haematocephila
Lalliendra haeaatoas
Callrandra huathis
Calliandra inaeguilatera
Calliandra parvifolia
Calliandra selloi
Calliancdra surinamensis
Calliandra tweedii
Calpocalyx brevibracteatus
Caspsiandra angustifolia
faepsiandra coacsa
Cagpsiandra laurifolia
Caragana arborescens
Caragana aurantiacy
[aragana frutescens
Caragina pekinensis
Cascaronia astragaling
Cassia fistula

Cassia grandis

Cassia javanica

Cassia leiandra
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Cassta nodosa

Cassia siames
Lastanospersus australe
Casuarina cristata (C. lepidophloia)
Casuarina cunninghasiana
Casuarina equistifalia
Casuarina ¢raseriana
Casvarina glauca
Casuarina grandis
Casuarina huegeliana
Casuarina junghuhriana (L. montana)
Casuarina littoris
Casuarina suellerans
Casuarina euricata
Casuarina nodifiora
Casuarina obesa
Casuarina ologogon
Casuaring pusilla
Casuaring quadrivalis
Casuarina stricta
Casuerina sueatrana
Casuiring tenuissisa
Casvaring toruloca
Cathoreron leptophyllua
Cathormon soniliforee
Ce¢relinga catenaeforsis
Lerostigna sacrophylliva
Certroiabium robustun
Ceonothus americanus
Ceonathus azurens
Ceanothus cordul atus
Lecnothus crassifolius
Cecnothus cuneatus
Ceonothus delilanus
Ceonothus divaricatus
Ceonathus diversifolius
Ceonathus fendleri
Ceonathus foliosus
Cepnothus tresnensis
Ceonathus glabra
Cecnothus gloriosa
Ceonothus greqoii
Ceoncthus griseus
Ceanothus iapressus
Ceonothus incana
Ceoncthus integerriasus
Ceanathus intersedius
Ceonothus jepsonii
Ceorothus leuccderais
Ceonothus aicrophyllus



Ceonothus oliqanthus
Ceonothus ovatus
Ceanothus parvifolivs
Ceonathus prostratus
Ceonothus rigidus
Cecnothus sanguineus
Ceonothus sorediatans
Cennothus thyrsiflorus
Ceonsthus velutinus
Ceratonia s1liqua
Cercidiua floridua
Cercidive praecox
Cercidiua tarreyanua
feccis siliquastrua
Cercozarpus betulordes
Chid!cwia sanguined
Chordacpartium stevensonii
C1adrastis platycarpa
{ladrastis sinensis
Clathrotropis brachypetola
{lattrotrapts aacrocarpus
{lathratrop:s mtida
Tolopnecperaus mopane
felvillea racesosa
Coaptonia peregrina (M, asplemifolia)
Cordeouria edulis
Cordyla africana
Coriaria anqustissima
Coriar1a arbores
Coviaria interacdia
Coriaria japonica
foriaria kingiana
Cariaria lurida
Cortsria syrtifolia
Coriaria plumosa
Coriaria pottsiana
Cori1aria pteridoides
Coriaria saruentosa
Cortar:a thysifolia
Craibia biptisarua
{raiz1a breeaicaudsta
Craitid grenditiora
Crudia gabonensis
(redia perivoa
Cyclobiue brasiliense
Cyciclobiua vecchil
Cylicadiscus gabunensis
Cyabosepalua bareni
Cynoartra alexanury
Cynoeeira ananta

Cynoaetra bauhiniaefolia
Cynosetra cauliflora
Cynosetra hankei
Cynosetra leonensis
Cynoaetra ramiflora
Cynosetra retusa
Dalbergia baroni
Dalbergia cearensis
Dalbergia cochinchinensis
Dalberg:a cubilguitensis
Dalbergia greveans
Dalbergia latifolia

" Dalbergia aelanoxylon

Dalbergia migra
Dalberqra retusa
Dalbergia 515560
Dalberqia sprucizna
Dalbergia stevensofii
Datbergiella nyasae
Dalea spinosa
Laniellia oger
Panteliia olivera
Damellia thurifers
Cansera procera
Delaportea armata
Delonix baccal
Deloniz elata

Delonix reqia
Denistophytua sadagascariense
Derris indica
Detarius seneqalense
Deweviea bilabrata
Dialius engleranua
Dialrus pachyphyllua
Dialiux 2enkeri
Dichrostachys cinerea
Dichrostachys gloserata (B.cinera)

" Bichrostachye spicata

Dicorynta guianensis
Dicraeopetalun stipulare
Diryste altsoni
Dicyabe corymbcsa
Didelatra africana
Dinorphandra davisii
Dinizia excelsa
D:physa floribunda
Diphysa robinaides
Dinlotropis purpuread
Dipteryr odorata
Dipterve trifolizta
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Diptychandra epunctata
Disceria tounatou
Disteaonanthus benthasianus
Dryas druasondii
Dryas integrifolia
Dryas octopetalia
Duparquetsa orchidacea
Dussia discolor
Bussta sartinicensis
Elaeagnus angustifolia
Elaeagnus argentes
Elaeagnus cossutata
Elaragnus edulis
Elaeagnus longipes
Elaeagnus sacrophylla
Elaeagnus sultitlora
1acagnus pungers
Elaeagnus rhasnoides
Elaeagnus vabellata
tligraocarpus cyoeetroides
Elizabetha durissing
Elizabetha princeps
Endertia spectabiiis
Englercdendros usasbarense
Entada abyssinica
Entada phaseoleides
Entada sudanica (E. africanur)
Enterolobius cyclocarpua
Enterolobium schoaburgkit
Enterolobius tisbouvs
Eperua falcata
Eperua jensam
Eperua purpurea
Erythrina abyssinica
Erythrina berteroana
Erythrina caffra
Erythrina crista-galli
Erythrina fusca
Erythrina glauca
Erythrina indica
Erythrina lithospersa
Erythrina sonosperes
Erythrina orientalis
Erythrina poeppigiana
Erythrina suberosa
Erythrophleus africanua
Erythrophleus tvorense
Erythrophleun suaveolens
Etaballia dubia
Eurcpetalus batesii
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Eurypatalua lessaanii
Exostyles venusta
fyserhardtia smorphoides
Eysenhardtia peninsularis
Eysenhardtia texana
Ferreirea spectabilie
Fillaeopsis discophera
Fissicalyx fendleri
Fordia cavliflora
Bagrebina tacariscina
Genista sp,

beoffrce decorticans
Geaftroea spinosa
Gilbertioderdron desonstrans
billetrodendron kianei
Gleditsia amorphoides
bleditsia cespics
bleditsia japonica
Gleditsia sinensis
bleditsiy triacanthos
6hiric:dia ehrentergii
Gitrrtcio:a laebii
6liricidia sepiun
baldeania foetida

tosswel leradendron balsaeiferus
daurliea decorticans
Guibourtia colecsperaa
Buibourtia conjugata
buibourti. demeusei
Guibndartia schliebenii
Gvanocladus diorcq
Haeaatoxylon brasiletto
Haeaatexylcn cespechianua
Haplorsorsia sonophylla
Hardwickia binats
Hardeickia pinnata
Harpalyce cubensis
Hebestigae cubense
Hesperolsburaus platycarpus
Hesperathawsnus littoralis
Heterostancn aimasoides
Hippophae rhasnoides
Holozalyx balansae
Huaboldtia laurifolia
Hylodendros gabunense
Hycenaea confertitlora
Hymenaea courbaril
Hyaenolobius excelsua
Ryaenelabium nitidue
Hymenostegra floribunda

Indopiptadenia oudhersis
Inga altissima
Irga edulis

Inga fevilei
Irga laurina
Inja oerstediana
Inga paterna
Inga vera
Inccarpus edulis
lastia acuainata
Instia bakeri

Instia bijuge

Instia palembanica

Instia plurijuga

instia retusa

Isoterlina schefflera
Iscberlinia argotensis
Isoderlinia dalzielis
Isaberlinra doka
Isgheriinia toaentosa
Isoracrolobius leptorrachis
Jacqueshuberia quinguangulata
Julbernardia globiflora
Julbernardia hochreutineri
Julbernardia magnistipulata
Julberaardia paniculata
Julbernardia ceretij
Julbernardia unijugata
Kalappia celebica
Kingiodendron alternitoliue
Kingicdendran pinnatua
¥ooapassia excelsa
Kooapassia aalaccensts
Laburnue alpinua

Laburnua anagyroides
Laburnua pratense
Ledbruniodendron lepthanthua
Lecointea amazonica
Lennea robinicides
Leonardoxa africana
Leucaena collinsii

Leucaena diversifolia
Leucaena esculenta

Leucaena lancealota
Levcaena leucocephala
Leucaena aacrophylla
Leucaena pulverulenta
Leucaena retusa

Leucaena shannoni

Leucaena trichodes
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Leucostagane latistipulats
Librevillea tlairei
Loesenera kalantha
Lonzhocarpus capassa
tunchocarpus latiielius
Lenchocarpus punctatus
Loathecarpus utilis
Lunchocarpus violaceus
Lysidice rhodostegia
Lysilons auritus

Lysilosa bahasensis
Lysiloma divaricata
Lysilosa latisilique
Lysiloma thornberi
Masctia asurensis

Maackia chineasis

Maackia floribunda
Nachaerius robinifoliua
Hachaeriua schoaburqkii
Nacroberlinia bracteosa
Racro:amja comsunis
Hacretamia riedler
Narilloa grandiflora
M3niltoa scheffera
Haraaroxylon racesosua
Martiodendron excelsus
Nelanoxylon brauna
Hichelsonia microphylla
Micreberdiniaz brazzavillensis
Nilbraediodendran excelsua
Mrllettis dudia

Nilltettia crandis
Millettia lavrentii
Nillettia rubiginosa
Nillettia stuhlsannii
Hiliettia thanningii
flillettia usarasensis
Niwosa bracaatinga

Nimosa scabrella

Riwosa tenuiflora
Himozyganthus carinatus
Holdenhauera tloribunda
Konopetal anthus pteridophyllus
Ronopteryx anqustifalia
Honoschises leptostachyus
Nora excelsa

tiora gonggri jpii

Muellera frutescens
Mundulea sericea

Nyrica adenophora



fiyrica asplenifolia -
Nyrica carolinensis
Byrica cerifera

Kyrica gale

Byrica javamca

Myrica pensylvanica
Hyrica pilulilers

Nyrica pubescens

Myrica rubra

Nyrica sapida

Ryrica serrata

Myracarpus fastigiatus
Myrocarpus frondasus
Nyrosoeraur frulescens
Myroxylon balsasua
Nyroxylon pereirae
Hyroxylon peruiferua
Neachevalieradendron stephanii
Neadunnia etrocyanea
Keoharacia eedagascariensis
Newtonia buchananij
Newtonia hildebrandtii
Nctodan gracilic
Notospartiva glabrescens
0ddoniadendron eicranthua
Oleiocarpon panasense
Dineya tesotq

Orsosia coccinea

Oracsia hosej

Orecsia sonasperaa
Ostryoderris gabonica
Dstryoderris stuklsannii
Dugeinia cojeinensis
Jrystigaa aanni;
Irystigsa mseo
‘achyelasea tessmannij
‘shudia galedupa

Pahudia rhosbc:des

Paleue quianensis
Palovenpsts emarginata
Pancrea longifolia
Paragachaeriua schoaburgki |
Faraeacrolobiua coeruleyn
Parapiptadenia riqida
Farasponia andersonii
Parasponia parvifiora
Parasponia rugosa

Parkia africana

Parkia biglandulosa
Parkia biglabora

Parkia clappertoniana

Parkia filicoides

Parkia javanice

Parkis roxburghii

Parkia speciosa

Parkia timoriana

Parkirsonia aculeata
Parkinscnia atricana
Pellegriniodendroh diphyllua

- Feltaoyne catingue

Paltogyne densiflora
Faltogyne ercelsa
Peltophorus adnatus
Peltaphorue dasyrrhachis
Peltoghorua pterocarpua
Peltophorua vogelianue
Feataclzthra eetveldesna
Pentactethra macrolovy
Pentaclethra aacraohylls -
Pericapeis angclensic
Fericupsis elata
Fericopsis sooniana
Petaladesniun urceoliferun
Fhyllocarpus riedelis
Fhyllocarpus septentrionalis
Phyllexylon xiphoclada
Phyllczylon xylophylloides
Pictetia aculeata
Piliostigaa malabaricus
Piliostigaa reticulalus
Piliostigaa thanningii
Piptadenia excelss
Piptadenia macrocarpa
Piptadenia paraguayrensis
Piptadenias\~ua africanua
Piscidia piscipula
Fithecellobiun adinocephalun
Fithecellobiua arboreua
Fithecellobiua caraboboonse
Fithecelfosius caulitloree
“1thace!lobiva collinus
Pithecellchive dulce
Prévece! 1chiun flexicayule
Pithece!lobive jiz1nga
Prthecel lohtus jodatua

- Plagiosiphon discifer

Plathyseni: reticulats
Platycelyphive cyananthus
Platycyasus regnellis
Platycvaeus ulej

Page 7

-Platysiscius disorphandrus
‘Platycisciue pinnatus

Platyaisciua trinitatis
Platysisciva vlei
Plotypodive elegans
Platysepalue vanhouttei
Platysepalua violaceur
Platysepalus violcutte
Podopetalus oraondii
Poecilanthe effusa
Poeppigia procera
Fogocybe entadoides
Polyctesonanthus dinklagei
Pongaeia pinn:ta
Prioria copaifera
Prosopis africana
Prosopis alba

Proscpic articulats
Prosopis chilensis
Frasopic cineraria
Prasonis dulcis
Prasopis glandulosa
Prasopis juliflora
Prosopis kuntzeie
Prasapis nigra

Frasopis pallida
Prosopis ruscifolia
Prosopis tamarugo
Prosopis velutina
Pseudosaranes quachapele
Psorcdendron spinosus
Fterecarpus angolensis
Pterocarpus blancoi
Pterocarpus echinatus
Ptororarpus indicus
Pterucarpus marsupiun
Pterocarpus officinalis
Pterocarpus podocarpus
Pterocarpus rotunditolius
Pterocarpus santaloides
Pterpcarpus sericeus
Pterocarpus soyausii
Pteracarpus stevensoniy
Fterocarpus vidalianys
Pterodon emarginatus
Pteragyne ritens
Pyasertiodendron congolanua
Rasorinos girolse
Recordoxylen asazonicus
Robinia hispida



Kobinia necaex:cam
Robinia peeudnacacia
fobirra viscasa

Sabinea {larida

Sakoanala wadagascariensis
Samanea pedicellaris
Samanea polycephala
Sasanes saadn

Sasanes sasiniqua

Suahora toeentosi

Sopropis palmer:
Spirotropis longifolia
Stachyothyrsus staudtii
Stahlia maritime
Steinbachiella leptoclada
Stezonorcleus sicranthus
Starkiella vitiensis
Strosbocarpa steombulifers

Appendix 8p
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fanthocercis xasbesiace
leroderris stubluannii
Tylia evansii

Iylia ghesquieref~
Iylia xylotarpa
Yucaratonia breaningii
fenia insignis
lenterella citeim
lenkerella citring
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NFTA 82-04A

ECONCMICALLY IMPORTANT NITROGEN FIXING TREE SPECIES

(1. L. Brewbaker and Brian | . Styles, eds.
Prepared for Bellagio biorkehop: Document #2A)

Format:
SPECIES (FAMILY)
1. ORIGIN; HEIGHT, SHAFE
2. USES AND CHAGRACTERISTICS
3. ADAPTATION (INCL.MIN. RAINFALL?
4. COMMENTS, CHRDNDSO&E NO.

ACACIA ALEIDA DEL. (MIMOSOIDEAE; LEGUMINDSAE)

1. Africa and lsrael, to 20 m;: leafless in rainy season
2., Forage (pods, fuliage), shade

J. Dry tropics, Sahel (to 300 mm min)

4. Slow growth 2n=26

ACACIA AURICULIFORMIS A. CUNN. EX EENTH. (MIMOSOIDEAE; LEGUMINDSAE)
1. Australia, New Guinea; to 30m, spreading

2. Fuelwood, pPulpwood; .68 sp.gr.; 15 mZ/ha’/yr

3. Wide adapt., acid 50ils; humid tropics (750 mm. min)

4. Not too tolerant of drought? fire? winds? 2n=26

ACACIA CUNFUSA MERR. (MiMDSDIDEAE; LEGUMINOSAE)
1. Fhilippines, Taiwan; to 14 m, spreading

2. Firewood (high Sp. gr.), ormnamental

3. Web subtropics (to 750 mm min), acid soils
4. Slow growth 2n=26

ACACIA FARNESTANA (L.) WILLD. (MIMDSOIDEAE:; LEGUMINOSAE)

. Tropical America; to 10 m, often Shrubby

2. Fuelwood: forage, tanning; perfume from flowers; ornamental g
black dye used to make ink

3. Dry tropics; wide variety of soils

4. Very thorny:; can be weedy 2n=52

ACACIA MANGIUM WILLD. (MIMOSOIDEAE; LEGUMINOSAE)

1. Australia and Papua- New Guinea, Inconesia; to 30 m, erect, stately
2. Timber (.65 sp gr), Firewood?, to 30 mZ/ha/yr '

3. Moist tropics (to 1000 mm min), acid soils?

4. Insects on leaves, genetic variability

ACACINA MEARNSII WILLD. (M1MOSOIDEAE: LEGUMINDSAE)

1. Australia: to 25 m, spreading
2. Fuelwood., charcoal. tannins; dencse wood (.75 sp.gr.), to 25

mZ/ha/yr
JS. Moist sub-tropics. mid elevations: to 800 mm min?
4. Can become weedy 2n=24

U
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ACACTIA NILOTICA (L.) WILLD. EX DEL. (MIMOSOIDEAE; LEGUMINUSAE)
l. Africa ang India; to 20 m, usually lesg R
2. Firewood, charcoal, fodder (pods., leaves), tannin and Qum

3. Dry trapics (but thrives under irrigation) i

-—

4. Extremely thorny, variable 2n=52, 104

ACACIA SALIGNA (LARTLI..) H. WENDL. (MIMUSOIDEAE; LEGUMINOSAE)

1. w. Australia; shrub ar small tree to 7 nm

2. Fodder; fuel; sand-dune fixatier,, tannin: recolonization of
Mining areac; erosion cantrol ornamental

3. Humid to subhumid tropics; I00-1000 mm. rainfall; adapted to
both sandv and swampy sites

4. Rapid growth outside native areasy; tolerart to drought, salt,
winds, and fire; mayv become weedy

ACACIA SENEGAL (L.) WILLD. (MIMDSDIDEAE; LEGUMINQSAE)
!. Africa, Fakistan, India: to 13 m.otten shrubby
2. Firewood, charcoal: to S m3/hasvr,  gum arabic, feed (pods,

foliaqge)
F. Dry tropics (to 200 mm min), poor :Dil,hot ) )
4. Extremely'thorny, becomes weedy 2n=224

ACACIA TORTILIS (FORSE.) HAYNE (MIMOSOIDEAE ; LEGIIMINDOSAE)

L. Africa, Sahel, Israel, Arabia; to 15 m, often shrubby;

2 Firewood, dense; fodder (pods, leaves)

S Dry tropics (to 100 mm min), heat tolerant, alkaline s0ils
4. Thorny, lateral roots ‘

ALRIZIA FALCATARIA (L.) FOSEBERG {MIMOSOIJEAE; LEGUMINDOSAE)

1. Indonesia, New Guinea: to 4% m . )

2. Pulowood, soft, .33 sp. gr.s moldings, boxes, sopil improvement
3. Moist tropics (to 1000 mm min), midlands

4. Soft wood, poor fue)

ALEIZIA LEBKEY (L.) BENTH. (MIMDSDIDEAE; LEGUMINQOSAE)

1. Tropical Asia and Rfrica; to 30 m

2. Fuelwnoad (thigh value, 5200 keal /kg)y, foliage for feed, vields
to S m3/ha/yr, furm tare ‘

3. Wide adaptabi]ity, ¢y and moist tropics (to 600 mm min)

4. Slow arowth 2n=24

QLMUZS MM INATA 0. KUNY ZIE (RETULACEAE)
Lo O0 fmcrica: te 2% ¢ Or  mor ¢ '

~y

2. Firewuod.,sp. ar. .S5; timber,.to 13 m3i/ha’/yr: shoes
3. Cool tropic highlande to Z000 o, moist (1250 mm min)

1. Mot heat or drought tolbkrant

ALMUS GLUTTHUSN (L) GNreIN. (BLIULAOLEAL)

1. Eurape to . Asias Asia Minor to M. Africa: to 40

2. Energy Production (fuel): sojl stabilization, €.g. river
banks, roadsides, mine wastes; shoes; sp.gr. .52

S. Widely adapted, temperate or subtropical, to S00m

4. Not draught tolerant 2n=26
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ALNUS NEFALENSIS D. DOM (HETULACEAE)

1. Himalayas; to X0 m

2. Firewocod but sp.gr. .3%; vutility timber and forage
F. Cocl tropic highlands te J000m, mesic (800 mm min?)
4. Some insects, soft wond 2n=28

CALLIANDRA CALOTHYRSUS MEISSN. (MIMOSOIDEAE; LEGUMINOSAE)
1. C. and S. fAmerica; to 10 m, shrubby

2. Firewood; forage (high tannin) and green manure; sp. gr. .65
3. Moist tropics (min. 1000mm), cooler (above S00m?); to 40

m3/ha/yr with annual harvest
4. Shrubby (=C. canfusa Sprague & Riley) 2n=22

CASUARINA CUNNINGHAMIANA MIQ. (CASUARINACEAE)

1. Australia, to 35 m

2. Firewood, sp. gr. .7; shade tree; river bank stabilization
3. Cool tropics to warm temperate; S00 mm min.

4. Can be weedy (Florida) 2n=18

CASUARINA EQUISETIFOLIA L. (CASUARINACEAE)

l. Australia and Pacsific lsl. to India; to 35 m

2. Firewood, charcoal: sp. qr. 1.0, "best in world"”; windbrealk:
timber tor postwoad

3. Warm tropics, coastal areas: typhoon tolerant, very saline
tolerant; very saline tolerant

4. Coppices poorly?

CAROLUOKRIMA GLAUCA SIEE. EX SFRENG. (CASUARINACLAL)

1. Australia (N.S.Wales to R1d.); to 20 m

2. Fircwood, charcoal., fencing, piles for seawater, windbreaks in
coastal areas; sp.gr. .98

3. Warm temperate to subtropics, coastal areas: salt-tolerant;
heavy clay soils

4. Produces root suckers and can he weedy (e.q. Florida)

CASUANIMNA JUNGHUNIANA -MI0. (CASUARINACEAE)

1. Indonecia; to 30 m

2. Firewood, charcoal, poles, piling; wood splits easily

3. Tropical lowlands and midlands, torming dense forests; wide pH
tol--ance. moderate drought tolerance

4. Little ctudied; male clone (or hvbrid) widelv used in
Thai,ord

DALEERL I SIS500 ROXIA. (FAFILIONOIDEAE:; LEGUMINOSAE)

t. Indian subcontinent; Lo 20 m

2. Lumber, fuelwood, sp.qr. .68 ‘

3. Warm tropics. mesic or arid (to SO0 mm min); yields fast for a
Dalbergia, slow by other standards

4. Slow growth 2n==220

V.6 [ _Eaiaaxuﬁi Cayom
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ERYTHRINA HERTUERUANA URBAN ‘FAFILIONOIDEAE; 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 cubmontane moist tropics to 2000 m; wusually in
wetter areas but needs good d»-ainage '

4. Fast growth: resistant to wind 2n=42

ERYTHRINA FUSCA LOUR. (FAFILIONOIDEAE; LEGUMINOSAE)

1. C. & S. America, to 20 m; broad crown )

Z. Shade for coffee and cacao; live fenceposts: soft wood

3. Lowlard 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 POEFPIGIANA (WALFERS) O.F. Couk (FAFILIONDIDEAE;

LEGUMINOSAE

1. S. America to'Panama; to 40m

2. Shade for coffee, ornamental; soft wood: paper pulp:; forage,
mulch

3. bry to mes:c tropics, to highlands

4. Fast growth; coppices and clones easily IN=42

GLIRICID1A SEFIUM (JACC.) WALF. (FAFILIONOIDEAE: LEGUMINOSAE)

1. S§. and C. America; small trie to 10 m

2. Firewoad, timber, sp. ar. .73, fodder, shade, arnamental;
easily propaaated by cuttings, living fence, to 8 m3/ha/yr

3. Dry to humid tropics (1000 mm min), also saline areas

4. Toxic bark/seeds/roots; aphids on foliage 2n=20

INGA VERA (L.) EBRITTON (FAFILIONOIDERE; LEGUMINDSAE)

1. Caribbean, C. America; to 20 m

2. Shade for cotfee, fuelwood (sp. gr. .75, timber, shade, honey
relatively fast growth

3. Humid tropics (1000 mm min™), lowlands

4. Little studied

INTSIA  BIJUGA (COLEBR. ) 0. KUNTZE (CAESALPIINIOIDEAE;

LEGUMINQOSAE)

1. Southeast Asia, E. Africa, Indira;s to 40 m, buttressed

2. Handsome timber, decking., truck bodies ("ipil" in Philippines),
highly resistant to rot: slow growth

3. Poist tropics, prab. 2000 mm miri;

4. Genetic variability 2n=224

LEUCAENA DIVERSIFOLIA (SCHLECHT) EENTH. (MIMOSDIDEAE;
LEGUMINGSAE)
C. America. to 18 m (with shrubby variants)

. Fuelwood (est. .5 sp. gr.). shade, forage
Dry ta mesic tropics, prob. SO0 mm min, to midlands (1500 m)

Little studied, great genetic diversity 2n=52

B CEN) -
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LEUCAENN LEUCOCEFHALA (LAM.) DE WIT (MIMOSOl1DEAE: LEGUMINOSAE)

1. C. America and Mexico, to 18 m (with shrubby variants)

2. Fuelwood, nurse tree, fobrage, small timber and pulpwood;: sp.
gr. .55, some food use (pods,seeds, leaves), energy plantations,
yields to 50 m3/ha/yr :

3. Dry to mesic tropics, S00 mm min, lowland

4. Widely studied: 2n=104

MIMOSA SCABRELLA BENTH. (MIMOSOIDEAE:; LEGUMINDSAE)
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,

Guatemala)
4. Little studied

PARKIA JAVANILCA (LAM.) MERRILL (MIMOSDIDEAE: LEGUMINOSAE)
1. Indo-Malaysia, Philippines; now widely pantropical; to 40 m,

umbrella crown
2. Timber, orriamental, seeds used in local medicine

3. Humid tropics to 1000 mm; S00-700 m elevation ‘ , o
4. Fest-tolerant; protected in Indonesia (also known as P.

ro:xburghii G. Don.)

FARKIA SPECIOSA MASSE. (MIMOSOIDEAE: LEGUMINDSAE)

1. Thailand, Malaysiaj; to 1S m, thin crown

2. Food (seeds from large pods)

3. Humid tropics, to 1500 m elevation

4. Seeds often insect infecsted:; slow growth; apparently hybrid-

izes with P. javanica; recalcitrant seed

FARITINSONIA ACULFATA L. (CAESALFINIOIDEAE: 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 snils

4. Very thorny: weedy in Argentina Zn=28

PITHECELLOBIUM DULCE %RUXB.).BENTH.- (MIMOSOIDEAE; LEGUMINOEAE)
1. C. to 5. America, to 20 m, irregular and untidy spreading tree

2. Fuelwood (to SS500 kcal/kqg), smoky: forage, construction
postwood, shade (thorny hedges), food (pnds)., some tannin and otl
{eepde) '

3. Very wide adaptability, from dry to humid tropics and *o cooler
elevations (So. Florida)
4. Thorny (segregating), poor torm 2n=24

PONGAMIA PINNATA (L.) PIERRE (FAFILIONOIDERE:; LEGUMINOSAE)
l. Indian subcontinent, Malaysia, China, Tropical Asia; to 8 m
2. Firewood, fodder (leaves), 0il (seeds). pest contral - (leaves),

shade tree, medicine
S. Mesic tropics (min. 600mm), saline tolerant; to full height in

S vyrs. :
4. Aggressive spreading roots; also known as Derris indica (Lam.)
Bennet '
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FROSOFIS ALEA/CHILENSIS "Complex"
(Includes P. alba Griseb. and F. chilensis (Mol.) Stuntz; also
F. tlexuosa and P. nigra)

1. Argentina, Paraguay, Chile, S. Peru; to 1S m

2. Firewouod, occasional use as timber; fodder (pods); to 12

m3/ha/yr

3. Cool dry subtropics (200 mm min):; to 3000 m in Peru

4. Thorny (segregating) 2n=28

FROSOFIS CINERARIA (L.) DRUCE (HIMDSACEAE; LEGUMINOSAE)

1. Indi1a, to ? m, thorny, spreading

2. Firewood., e.cellent charcoal; fodder, some timber; green
manure, vields to 3 m3i/ha’/yr (under drought stress)

5. Dry hot tropics, to 100 mm min?

4. Thorny (segregating), weedy

FPROSOFIS PALL IDA/JUL IFLDRA “Complen"

(Includes F. pallida (Humb % Eon ey Willd) and P. juliflora
(Swartz) DC)

1. ©. and No. S. America; to 1S m, aggressive

2. Firewood (.8 Sp. gr.). exc. charcoal; fodder (pods), honey,
wood, to 5 mT/ka/vre

3. Dry hot tropics. to 200 mm min; deep roots, some var. frost-
tolerant ‘

4. Thorny (segregating). often weedy (F. glandulosa and F.
velutina are the mesquites of So. USA and elsewhere in tropics,
often labelled juliflora in error) 2n=26,52,546

FROSOFIS TAMARUGD F. FHIL. (MIMOSO1DEAE; LEGUMINOSAEL)

1. Chile, to 15 m,

2. Firewood, forage (pods, leaves), some use use thigh sp. gr.)

3. Dry hot saline tropics, to 10 mm (uses fog drip?); remarkable
saline tolerance

4. Slow growth, tharny but segregating?

PTEROCARPUS INDICUS WBITLLD. (MIMOSACEAE; LEGUMINOSAE)

1. s. E. Asia, Indo~China, Pacific IslandS; to 40 m, broad crown,
lofty

2. Choice timber (narra), ornamental. furniture, flooring

X. Moist tropics; relatively fast growth

4. Needs deep soil: some diseases 2n=222

RORINIA FSEUDODACACIA L. (FAFILIONOIDEAE; LEGUMINOSAE) .

1. N.E. America. to 2% m - ‘

2. Fuelwaod (dense), erosion control, nurse tree, posts,
to 20mi/ha/yr; forage '

2. Temperate

4. Restricted to highland tropics (little tested) and
temperate regions 2n=20,22,24

120
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SAMANEA SAMAN (JACD.) MERRILL (MIMOSOIDEAE; LEGUMINDSAE)

1. C. % So. America, Mexico; to 40 m, wide spreading

2. Shade, timber and crattwood, food (pod), €p. Qgr.
ornamental . ' '

3. Mesic to wet tropics (to &00 mm min)

4, Mot good fuelwood, rapid growti. 2n=26

.52,

SESBANIA GRANDIFLORA (L.) FOIR. (PAPILIONDIDEAE; LEGUMINOSAE)

1. Ilndia to SE Asia; to 10m, slender

2. Fulpwood, forage (leaves, pods), food (flower, leaves, young
pods), ornamental: sp. gr. .42; to 22 m3/ha/yr, large nodules

3. Moist tropics (1000mm min), onto poor soils

4. Genetic variability, soft  wood, borer susceptibility

2n=14,24

\g
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ECDVOHICALLY IMPORTANT NITROGEN FIXING TREE SPECIES

. nBu

(James L. Brewbaler and Brian ‘W. _Styles, Eds.
FPrepared for Bellagtio NFT-Norkshop, Sept.‘1982)

The following species were cons1dered important e:onomically, but

of less 1mportance than the annotated "a“

list.

The first list includes species known to fix n:trogen, shile the
seconc list are not known to fix nitrogen, which may account for

their ahsence from the "A" list.

\caniz sneura
Acacia aulacocarpa
Acacia caven
Acacia holosericea
Acacia karroo
Acacia koa
Acacia milanoxylon
Acacia peuce
Acacla pennata
Acacia swzlicina
Acacia =eya1
Acrocarpus’ fraxinifolius
Acenanther-a pavonina
Albizia procera
filnus rubra
Cesuarina~-cristata
Casuarina g-andis
Leauzimina obesa
Casuarina oligodon
Casuarina sumatrana
Dalbergia latifeolia
Enterolobium cyclocarpum
Erythrina indica
Erythrina arientalis
Haematorylon brasiletto
Inga edulis
Inga paterna
Lysilome bahanmunsis
Mimoca tenuiflora
Fericmn-sin ~lata
Frosopis glandulosa (a complex,

F. torreyana and F. velutina)
Frosopis pube=cens
S5chizolovium parahyba

N~fivation unknowwn or uncertain:
saesalpinia coriaria

Zassia ticstula

sassia grandis

including P.. glandulosa

Cassia javenica
Cossia siamea
Cedrelinga catenaaformis

:Ceratonia siliqua

Cercidium floridium
Copaifera langsdorfii
Diphysa rebinioides
Geoffroea decorticans

Koompassia excelsa .
Paltopherum pterocarpum
" Pithecellsbhium Jiringa

Sindora javanica ,

Tamdrindus indica ‘ }(70
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Albizzia mollis

Artocarpus lakoocha

Bagssia butyracaea

Bauhinia longifolia
B. variegata

Brassiopsis hainly

Castanopsis hystrix
C. indica
C. tribuloides

Erythrina arborescens

Ficus lacor
F. nemoralis

F. glaberrina
Fe. roxburghii

F. semecordata

Litsea citrate
L. polyantha

Morus’' alba

Prunus cerrasoides

Quercus incana
Q. lamellosa

Salix spp.

Sarauria nepaulensis

Schima wallichi

Fodder trees for NMepal hills
Source: Kessler (1981)
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Savanna trees of nutritional importance in Nigeria
Source: Okafor (1980)

Species Family Parts Edible®

No. Species
1

35. Phoenix reclinata

36. Raphia sudanica

37. Pterocarpus santalinnides
| 2 3 4 5 67 8910 38. Ziziphus mauritiana

. 39. Ziziphus spina-christi var.
Lannea microcarpa Anacardiacea WX spina<christi
Pseudospondias microcarpe X 40.  Gardenia erubescens
. Sclerocarva birrea X X 41, Noucles latifolia

Spondias mombin X 42. Aphania sancgolensis
Annong senegalensis Annonaceae X X 43.  DBlighia sapida
Hexalobus monopetalus " X 44. Zanhe golungensis
Balanites aegyptiaca Balanitaceae X X X 43, * Buiyrospermum paradoxum
Kigelia africana Bignoniaccae X subsp. parkii
Adansonia digitata Bombacaccae X X X X X X 46. Pachystella brevipes
Bombax cosiatum * X X 47.  Sterculia tragacanthe
Ceiba pentandra * X X X . X 48.  Grewio bicolor
Cenarium schwein furthii Burscraceac X 49, Grewia mollis
Aftelia africane Cacsalpinaecae X 0. Cettis integrifotia
Barachvsiegia curvcoma * X 51.  Vitex doniang
Daniallia vliveri " X
Detarium micracarpum * X X
Dialium guincense ' X N .
Tamarindus indica * X X *Parts Edible
Crateva adzusonii Capparidaceae X X 3: Leaves 7: Flowers
Parinani curatelh folia Chrysobalanaceae X 4: Bark 8: Roots
Diospyros elliotii Ebenaceae X S: Fruit 9: Oil
Diospyros mespiliformis - X 6: Secds 10: Local heverage
Antidesma venosum Euphobiaceae X
Irvingia smithii Irvingiaceae X
Stryehnos innocuo Loganiaceae X
Strychnos spinosa " X
Parkia clappertoniona Mimosaceae X X X
Prosopis africana * X
Ficus capensis Moraceae X X
Ficus polita " X
Mornnga oleifera Moringacege X X
Syavpium guincense var.
macrocarpum Myrtaceae’ )
Borassus aethiopum Palmace X X XXX
Llaeis guinecnsis * X X X X

Family Parts Edible%
2 3 4 5 617 8910
Palmae X X
” X X
Papilonaceae . X
Phamnaceae X
" x
Rubiacene X
*"n x
Sapindaceac X
" X
. x
Sapotaceae X X
" X
Sterculiaceae X X
Tiliaceae X
S X X X
Ulmiuceae X X
Verbenaceae X X
v
]
[
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CAB’s Online
Services

Ths datebese

The CAB ABSTRACTS database is avaitable online

through various hosts inch:ding Lockhesd Dialog,

lS)DCmOx'bit. European Space Ageacy’s LRS. A
iMD).

it covers 1973 to the present snd contalns over 3
million recofda. 150.000 additional records are 24ded
each yesr,

Subject Coversge

The databese covers tha world's literature on agricul
ture and related (lelds of applied biology and
comrespends to CAB's abstrect journals which cover
the following dis¢iplines: —

ANIMAL SREEDING & GENETICS
ANIMAL HEALTH
ARID LANDS
DAIRY SCIENCE
ECONOMICS & 30CIOLOCY
ENGINEERING .
ENTOMOLOGY & NENMATOLOGY

* FORESTRY & FOREST PRODUCTS
HELMINTHOLOGY
HORTICULTURE & PLANTATION CROP
HUMAN & ANIHAL NUTRITION

PASTURES & FIELD CROPS

PUANT BREEDING & GENETICS
PLANT PATHOLOGY

RURAL DEVELOPMENT & SOCIOLOGY
SOILS & FERTIZERS

WEED CONTROL

The equipment

To wmarch CAB ABSTRACTS, you wil need 2
computer terminal 1 access & host compliter vis tek-
communications system such as TYMNET, TELE-
NET.or EURONET,

The oot

Online searching is o hhhly costeNective way of
eorrying out literature sesrches. Relevant Hterature

can be found quickly and efficiently and printguts -

obtained which save houns of manual effort. Full
abstracts containing detalled informstion, are enail
atle onfine and may substitule for ornigina! documenty,

The cost of scarching CAB s less than £35 per heur
computer time, plus a charge for teleconununications
and printing. Most searches codt less than £30.

Saerch-eids

CAB has published a comprebensive search guide
“CAB ABSTRACTS Online™, This descrides the
content and format of the dszabase, and searching

techniques,

A Word List Is alto avelladle from CAB. This Msty
the principal terms octurring in the descriptor flakd
of the CAB ABSTRACTS databzse. A full Thesturus
5 In prepantion, .

Tralning

To search onfine costelfectively, the uer should
betams Nuby scquainted with the CAB ABSTRACTS
databese, To belp schieve this, CAB regularly hold
one-dsy online tiser workghaps throughout the world,
CAB would also be interested to hear from organisa-
Uoas prepired to host such workshops,

Additiona! Sarviess

& CAB staff are svailable 10 ghve help and sdvise on
searching techniques and the contents of the data.
base, .

o A "Call CAB" service s available to provide help

" and edvke and earty out search requests,

« Coples of over 3000 retrotpective searches
already performed are available at Jow cost.

e CAB can provide copies of most original docu.
ments Included In the dstaduse. These may be
ordered by post, or via the hosts onling s ncument
deilvery services,

o Nagnetic tapes are avallable {or those wishing to

. search CAB ABSTRACTS on their own com-

puter,
Y

*For sdditional information contact:e=

Tralning Officer, .

Tel: Farnham Common 2281 Telex 847964
Cables CONAG, SLOUGH,

i upuadd{r
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NunbersAof references located in CAB DATABASE through DIALOG

Group 1

Group 2

Group 3

Group 4

Group 5

in preparing this document (1972-83 lite’ature)

(A).
Subject words

Roundwood
Poles

. Canes

Rattans
Taumber
Timber
Sawnwood
Sawn

Any one or more

Pirewood
Charcoal
Fuelwood
Fuels

Any one or more

Podder

Nuts

Fruit

Seed + uses
Poliage + uses

Any one or more

Extractives
Resin
Medicinat
Pharmaceutical
Honey
Beekeeping
Silk

Lac

Any one or more

Shelterbelts
Shade trees
Windbreaks
Erosion + trees
Catchment + trees
Soil improve

Any one or more

Multipurpose trees

No. of references

789

. 1077
830
34
1162
7646
38
882

10899

215
1221
505
857

2588

11957
-2056
45299
358
201

59109

737
3695
2892
1154
4721
1578

591

337

14887

765
284
513
266

64
288

1934

| \\Q{‘T‘!
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Group 6 Soil conservation + trees 75
COmbineda- 1 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 § 3
3 plus 4 661
3 plus 6 15
& plus 6 0
Any pair or more 1609

All above groups in FA/FPA 580

lse. Within the CAB datzbase, in the last 10 years 580 references have
been concerned with 2 or more groups of tree uses.

(B). Exotics and Weed trees

Sub{ect words

Exotics
Introductions
Non-indigenous

Any one or more
Weed and trees

(C).

Subject
Bibliograph

Ho. of references

1098
28026
41

28199

497 } Combined 16 references

Bibliographies

No. of references

4745

o The combination of Groups 1, 2, 3 or 4 with 5 were omitted in error

during this search
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INFO™ / DOC. ICRAF ...

An interactive, userfriendly agroforestry information
request service.’..

Some services we can provide to YOU

The role of the Information and Documentation Programme
at ICRAF 1s to acquire, analyse, fnterpret and dissemi-
nate information about agroforestry.

The Council 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 agroforestry.

For example, let us say you want information on the
selection of candidate trees and crops for inteyrcrop- -
ping in the lowland humid tropics. Info/Doc ICRAF wil)
refer you to some recent documents on the subject as
well as some specific citations that are available at
the ICRAF library. Info/Doc. ICRAF will, if possible,
discuss your request with senfor staff sclientists, in
this case the Council's Forester and the Agronomist.
They will provide some more references, and interpret
what they know of the subject.

Computer searches can also be requested on the species
in question and referral to scientists or research
institutions undertaking this work can also be made.

A first reply will be formulated. It will offer some
information and indicate what else the Council 1s under-
taking to provide more information.

Many requests have been received. For example, requests
concernfng: the economics of agroforestry systems, candi-
date woody perennfals for animal agroforestry, the effect

of freés on soil quality and grass productivity, the use

of Sesbania grandiflora to reduce waterlogging on irri-
gation systems for example, and many others.

Commonly, information is sought regarding tree species
with potential for agroforestry.

For many of these requests, the fnformation is Just not
readily available, or more Tikely, what {s available is
1ncomp1¢13te. To get at it requires some ° 1g9ging'and this
takes time.

ool
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The result-correspondence between 1CRAF and the source
cf the request.

- Info/Doc. ICRAF can 'plug you into' the foliowing
infonmnation sources. '

At ICRAF:

The Aaroforestry collection of the ICRAF Yibrary:

3000 reprints specific to agroforestry and about
2000 books, monographs and reports.

Manual sear&hes can be dore using & species or
geographic index.

Access to a local agricultural 1ibrary which
holds most of the broader agricultural litera-
ture of interest.

The ICRAF'Agroforestry Brain Bank' A wultidiscipld
nary team of senior scientists workina at ICRAF
with extensive and varied experience of tropical
1and use systems and practices. Advice and inter-
pretation can usually be obtained from this saurce.

Removed from ICRAF

the computerized data bases that contain the con-
ventional scientific 11terature reported in the
well 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 wor ldwide
and dealing with land use, tropical agriculture,

.forestry, Tivestock production, specialized commo-

dity crops, farming 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.

Inciuded under this heading is the vast colonial
T1terature and the informat{on services of some
institutes of the Consultative Group on Inter-
national Agricultural Research.

AGRIS, the FAD coordinated International Informa-
tion System for the Agricultural Sciences and
Technology. This is a computerized data base listing
non conventional Yiterature, much of which origi-
nates from developing countries.
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Up te 9,000 citations are produced per montn
by AGRIS.

InTormation centres decling with agrcforestry.

Examples are the Agricultura: Information Bank

for Asia in the Philippires and CATIE in Turri-
alba, Costa Rica.

ICRAF correspondants who are practicing agrofo-
restry or who are undertaking research on the

subject.

For example, participants at any of several inter-
national conferences or workshops on the subject.
This 1s known as the 'invisible college' of agro-
forestry workers woridwide.

Conditions of use

Users can avail themselves of the agroforestry informa-
tion service as long as their requests deal with agro-
forestry, The definition of agroforestry s anpended to
this decument. Agrofcerestry is not social forestry, ncr
15 it comunity forestry or vilTage forestry, although 1t
may be ifncluded as a component of these land use manage-
ment systems.

Requests should be addressed to:

Frogramme Coordinator
Information and Documentation
ICRAF

P.0.Box 30677

Nairobf.

Kenya.

Speed of reply

It is our intention to prcvide a rapid reply to {ncoming
requests. Specific requests are moct readily dealt with.
Of coursc, the rate of reply will depend on the number of
inceming requests. Cxperierce has shown that there can

be a delay of up to six montrs (rare), but preliminary
information can be sent out within 4 - 6 weeks. It is
helpful to include what the information 1s needed for
and if possible, a kibliographic citation.

Once a request is recefved, it is kept in an 'active'
dossier while action 1s fnitiated to recover the informa-

tion needed.

When many requests are received, preference will be given
to answer those originating from developing countries.



Appendix 10b

Page 4

The Output -  What you get!

2 specialized 1ist of references prepared at

ICRAF. This can take the form of a3 series of
photocopied index cards {(see attached) from the

ICRAF Yibrary collection.

This 15 quickly reproduced at ICRAF and mafied
as a first step in providing the {nformation -
required. If the citations are numerous, they
are sent without copies of the original document
The originator of the request identifies the one
wanted,

a computerized printout of references for analys

by tte originator. In some cases, depending on t
request and number of citztions retrieved, ICRAF
will seek the hard copies directly.

pertinent YCRAF publicaticns

advice or interpretation of information. In some

casci, the ICRAF staff scientists are consluted
to provide advice. This depends on the avaflabi-
lity of the staff.

phtccopied documents. These are provided when

requested or when 1t is thought they will be usef
to those requesting the information.

Khat is in it for ICRAF?

Information exchange s a 2 way street. In exchange for provi-
ding information, ICRAF develops contacts with AF researchers
and can help to create a community of interest in agroforestry.

Given that ICRAF is a Council to pronote agroforestry. The first
thing to be done is to link up researchers so they can derive
mutual benefit from their own experience and provide impetus

to research in.-agroforestry.

\\\J
\ \
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NFTA 82-10

PERIODICALS, BIBLIOGRAPHIES AND GENERAL REFERENCES TO NFT

(James A. Duke and James L. Brewbaker, Eds.
Prepared for Bellagio Woikshop, Document #e)

(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 with NFT on the
high priority list prepared at Bellagio; it is pot 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 legum=s for biomass, etc.)

Beanbag. “RiES “CTowan—and TrR= -Gunn;~ Edss—=8aithsomtarn=Mmstituatic ,
Washington, D. LC. (Ta:onomically oriented; includes lists of
specialists)

BNF Bulletin. NiFTAL, P. 0. Pox "0", Péia, Maui, Hawaii 96779.
(Published 3 times annually; focussed on biological nitrogen

fixation)

Forest Research. CSIRO, P. 0O. Box 4008, Canberra, ACT 2600,
Australia. (Monthly) '

ICRAF Newsletter. Internatl. ‘Council for Research in
Agroforestry, P. 0. ,Box 30677, Nairobi, Kenya. (Periodicalj
annaouncements of publications and meetings)

ISTF News. Frank H. Wadsworth, .Ed. International Soc..Tr pical
Foresters, 5400 Grosvenor Lane, Bethesda, Md. 20814. (Quarterly;
news nottes, announcemants of publications and meetings)

Leucaena Research Repoarts. J.L. Brewbaker, Ed. Nitrogen-Fixing
Tree Association, P.0D. Box &80, Waimanalo, HI, USA
(Annual, publ. in July by CAFPD, Taiwan).

LISA. 1982. Diversity (Plant Genetic Resources Comnunity) CSU,
302 Aylesworth, Ft. Collins, Colorado B0523, USA

Mimosoid Bulletin. J. Vassal, Ed. Internatl. Group for the Study
of Mimosoideae. Lab. Eotanique, Univ. P. Sabatier, 39 Allees J.
Guesde, 31062 Toulouse Cede:, France (Annual; Research articles

and news, lists of scientists)

132
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NFTRR (Nitrogen Fixing Tree Research Reports). J. L. Brewbaker, Ed.

Nitrogen-Fixing Tree Association, F.0.Box 660, Waimanalo, HI,
96795, USA. (Annual; publ. in February by TISTR, Pahonyothin Rd.,

BRangkhen, Bangkolk)

The Legume/Rhizobium Symbiosis: A Continuing Bibliagraphy. NiFTAL
Praiject and MIRCEN, P.0. Box 0, Faia, HI 94779. (Periodical)

W
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2. MAJOR BIBLIDGRAPH;ES AND PUBLICATIONS ON NFT

(NDTE: Numbers after species name refer to “general ra{ﬂren:es“
in Section 3 belaw)

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. USAID,
Washzngton, D.C. :

ACACIA AURICULIFORMIS A. CUNN. EX BENTH. 2,3,4,10
Natiornal 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. i982. Cultivation of Acacia
auriculiformis on Java, Indonesia. Inst. Ecology, Padjadjaran
Univ., Bandung, Indonesia (unpublished)

ACACIA CONFUSA MERR. - 9,10

ACACIA FARNESIANA (L.) WILLD. 4.5.6.8.9.10

ACACIA MANGIUM WILLD. 3.4.10
Davidson, J. 1982, ~ Acacia mangicm. E’Ealyptus and Forestry

Sevices, P.0. 419, Armidale, NSW, Australia. 110 Pp.

National Academy ot 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 mearnsix de

Willd.). Univ. Natal Press, Pietermaritzburg, §. Africa. 402 pP.

ACACIA NILOTICA (L.) WILLD. EX DEL: 1,3,4,5,6,10

Greaves, A., ed. 1982, Acacia nilotica (syn. Q. arabica).
Annot. Bibliography No. 000, Commonwealth Forestry Ingt., So.
Parks Rd,, Oxford, England.

ACACIA SALIGNA (LABILL.) H. WENDL. T2,3,8,5,7

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 1,3,4,53,10
Mulhana, K.D. and G. D. Arora. 1980. Acacia tortilig—-a

promising fast-growing tree for Indian arid zones. Central Arid

Zone Res. Inst., Jodhpur, Rajasthan 342003, India

ALBIZIA FALCATARIA (L.) FOUSBERG 2,4,5,7,10

ALBIZIA LEBBEK (L.) BENTH. 1,2,3,4,5,7,8,10

W



ALNUS ACUMINATA 0. KUNTZE
ALNUS GLUTINOSA (L.) GAERTN.

ALNUS NEPALENSIS D. DON

CALLIANDRA CALOTHYRSUS MEISSN.
National Academy of Sciences

Innovations in tropical

Press, Washington, D.C.

(USA) .

CASUARINA CUNNINGHAMIANA MIQ.
Heathes, H. 1981.

Internatl.

4008, Canberra 2600, Australia.

CASUARINA ERQUISETIFOLIA L.

CASUARINA GLAUCA SIEB. EX SPRENG.

CASUARINA JUNGHUNIANA MIQ.

DALBERGIA SISS0O0 ROXE.

ERYTHRINA BERTOEROANA URBAN

ERYTHRINA FUSCA LOUR.

ERYTHRINA POEPFIGIANA (WALPERS) 0.F. CUOOK
Russo, R. 0. 1982.

poda de Erythrina poeppigiana &n Turrialbs,

Turrialba, Cost Rica. 10 pp. (unpublished)

GLIRICIDIA SEFPIUM (JACG.) WALP.

INGA VERA (L.) BRITTON

INTSIA BIJUGA (COLEBR.) 0. KUNTZE

LEUCAENA DIVERSIFOLIA (SCHLECHY) BENTH.

LEUCAENA LEUCOCEFHALA (LAM.) DE WIT

Brewbaker, J. L. and E. M. Hutton. 1979.

reforestation. V.

Working Broup on Casuarinas (IUFRD).

- 135
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3,10
3,10
I,7,10
S,4,7
1983%. Calliandra.
National Academy
3,10

An annotated bibliography of casuarinas.

CSirRD, P. O.

2,3,7,9,10
3,10
3,10
4,5,7,10
| s;e,é
5

4,5,8,10

Resul tados preliminares de biomasa de la
Costa Rica.

CATIE,

3,4,5,7,8,9,10
3,5
4,5
10
: 1,2,3,4,5,6,9,10
Leucaena~--Versatile

tropical tree legume. In New Agricultural Crops, 6. A. Ritchie,
Ed. Amer. Assn. Adv. Science. Publ., Westview Press, Boulder,
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. :

ODakes, A. J. 1982, Bibliography on Leucaena. Germpl asm
Resources Center, USDA, Beltsville. Md. 171pp

3,4

MIMOSA SCABRELLA BENTH.
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FARKIf JAVANICA (LAM.) MERRILL. 7
Hopkins, M. 1983, Monograph of Parkia species. Doctoral
Thesis, Oxford Univ., Oxford, England ’
PARK 1A SPECIONSA MASSK. 9
PARKINSONIA ACULEATA L. 3,5,7,8,10
PITHECELL_OBIUM DULCE (ROXB.) BENTH. 3,4,5,7,9,10
PONGAMIA FINNATA (L.) PIERRE 1,3,5,7,10
PROSOF (S ALBA/CHILENSIS “"Complex" 1,3,4,10

(Includes P. alba Briseb. and P. chilensis (Mol.) Stuntz; alsc
P. flexuosa and P. nigra)

FROSOFIS CINERARIA (L.) DRUCE ' 3

Mann, 4. S, and S. K. Saxena, eds. 1980. Khejri (prosopis
cineraria; in the Indian desert; its role in agroforestry.
CHZIR1, Jodhpur 342003, Rahasthan, India

PROSOFIS FALLIDA/JULIFLORA "Complex" 1,2,3,4,5,7,8,9, 1(
(Includes P. pallida (Humb & Bon ex Willd) and P. juliflora
- {Swartz) DC) ’ R
Simpson, B. B. 1977. Mesquite: 1Its bioclogy in two desei't
ecosystems. Dowden, Hutchinson &% Ross, Inc., Stroudsburg, Pa.

FROSDPIS TAMARUGO F. FHIL. 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 Plant

Production and Protection Paper 25. FAD, Rome, italy. 110 pp.

PTEROCARFPUS INDICUS WILLD. 4,10
ROBINIS TSEUDCACACIA L. 2,4,5,7,10
SAMANEA SAMAN (JACR.) MERRILL 2,4,9, 10
SESBANIF GRANDIFLURA (L.) POIR. 4,7,8,9,10 .

Gillett, J. BE. 197?7. Sesbania in Africa and southern Arabia.
llew Bull. 17(1):91-158.
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3. GENERAL REFERENCES TO NFT

1. Food and Agriculture Organization (FAO). 1980. Genetic Resources
of Tree Species in Arid and Semi-arid Areas. FAO, Terme di Caracalla,

Rome. 118 pp.

2. Webb, et al. Guide to Species Selection, Commonwealth
Forestry Institute, S. Parles Rd., Oxford, U.K.

3. Natienal 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.

S. Allen, O. N. and E. ¥. Allen. 1981. The Legumincsae. Univ. of
Wisconsin Press, Madison, Wis. 812 pp.

6. Duke, J.A. 1981. Handbonk of Legumes of World Economic
Importance. Plenum Press, New York, NY

7 Dake;J.A., ed. Handbook of'Energy Species. Information
Summaries on 200 Energy Species. Plenum Press, New Yorl, NY

8. Garciz Barrige, H. 1974. Flora Medicinal de Coclombia. Botanica
Medica Imprenta Nacional. Vol 1. Sé&1 pp. Bogota, Colombia.

9. Duke, J.A. 1972. Ethnobotanical Dictionary. Published by
the author, Fulton, Maryland.

10.Halliday, J. 1982. The Symbiotic Affinities of Woody.Species
Under Consideration as Nitrogen-Fi»xing Trees. A Resource
Document. NiFTAL, P.D.Box "0", Paia, Maui, Hawaili 94779

Possibly to add later:

Little,‘ E. L., Jr. and F.H.Wédsworth. 1964. Common trees of
Puerto Rico and the Virgin Islands. Agric. Handhook No. 249,
U.S8.D.A., Washington, D. C. 548 pp.

Verdcourt, B. 1979. A manual of New Guinea legumes. N
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Periodicals, bibliographies and eneral references
relating to multipurpose trees

(additional to those for nitrogen fixing trees shown in Appendix 11a)

A. Biblingraphies, reviews, general references

ATERRADO, V.R., RAIES, E.R. and SISON, J.C. (1982). Agroforestry - an
' . abstract bibliography. Southeast Asian Regional Center for Graduate
Study and Research in Agriculture, College, Laguna, Philippines, 120p.

BALICK, M.J. (1979). Amazonian oil palms of promise: & survey. Econ. Bot.
33 (1), 11-28. '

BALICK, M.J., ANDERSON, A.B. and FR: "TAS DE SILVA, M. (1982). Palm taxonomy
in Brazilian Amazonia: the atate of systematic collections 1in regional
herbaria. Brittonia 34 (4), 463-77.

BOLAMND, D.J. and TURNBULL, J.W. (1981). Selection of Australisn trees other
than eucalypts for trials as fuelwood species in developing countries.
Aust. For. 44 (4)' 235-46. )

BURRART, A. (1976). A monograph on the genus Prosopis (Leguminosae subfam.
Mimosoidae). J. Arnold Arbor. 57, 219=46; 450-525.

CHAZARO BASANPZ, J. de MIGUFL. (1977). El huizache, Acacia pennatula

(Schlecht. & Chem.) Benth. Una Invasora del Centro de Veracruz,
Blotica 2(3) 1-18. :

COMBE, J., JIMENEZ SAA, H. and MONGE, C. (1981). Bibliogrephy om tropical
agroforestry. Centro Agronomico Tropical de Investigacion Y
Ensailanza, CATIE, Program of Natural Renewable Resources, Turrialba,
Costa Rica. 67p.

COMMONJEALTH BUREAU OF PASTURES AND FIELD CROPS. (1980). Leucaena
leucocephala (1951-72) (compiled from Herbage Abstracts). Annotated
Bibliography No. G527, Commonwealth Agricultural Bureaux, Farham
Royal, BEngland, l4p.

COMMONW EALTH BUREAU OF PASTURES AND FIFLD CROPS. (1980). Leucaena

leucocephala (1973-79) (compiled from Herbage Abstracts). Anmotated
Bibliography, No. G527A, Commonwealth Agricultural Bureaux, Farnham
Royal, Bngland, 23p.

ELDRIDGE, K.G. (1975). An annotated bibliography of genetic variation 1in
Eucalyptus camaldulensis. CFI Tropical Forestry Papers, No. 8, Commonw.

Por. Inst., Oxford and . Division of Forest Research, CSIRO, Canberra, -

59p-

FALVEY J.L. (1982), Gliricidia maculata -~ a review. 1Intl. Tree Crops J.2,
1-14.

FAO.  (1979). Eucalypts for planting. FAOD Forestry Series No. 11, Rome,
Italy, 677p.

PELKER, 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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GRAINGER, A. 2nd WINER, W. (1983). A bibliography of Ceratonia siliqua, The
Carob Tree. The Intl. Tree Crops J.l, 37=47.

GREAVES, A. (1980). Gmelina =arborea. Annotated Bibliography No. F20.
Comronwesglth Agricultural Bureaux, Parnham Royal, England, 6lp.

GREAVES, A. (.981). Gmelina arborez. Forestry Abstracts 42 (6), 237-58.

GREAVES, A. (1981). A bibliographf on Acacia nilotica (syn. A. arabica)
coveiing the literature from 1869 to 1979. Commonw. Por. Inst., Oxford,
England, Zlp.

GRLATES A. (16€3). - & bibliogra@hy on Acacis 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 vresources. AGPE: IBPGR/76/4, CGIAR/IBPGR, FAO, Rome, Italy,
175p.

LARUE, T+A. and PATTENSON, T.G. (198l). How much nitrogen do Legumes fix?
Advances in Agronomy 34, 15-38.

PEDERSEN, B.0. and GRAINGER, A. (1981l). Bibliography of Prosopis. Intl.
Tree Crops J-].' 273"86-

POLHILL, R.M. and RAVEN, P.H. (eds.) (1981). Advances in legume svstematics.
Proceedings of the International Legume Conference, Kew, England, 1978.
Royal Botanic Garders, Kaw, Fnglaad, 2 vols.

RADWANSKL, S. (i977). HKevm tree. I. Commercial potential, character-istics
and distritution. World Crops and Livestock, March/April, 62-6.

RICRARDS, P, (1982a). Agroforestry. Annotated Bibliography. Ro. F24,
Comocnw. Agric. Bur., Parnhaw Royal, England, &ép.

RICALRDS, P. (163%25). Fuelwuod and energy plantations. Annotated
Bibliogrcply. Ne. F26, Cormonw. Agric. Bur., Parnham Royal, England,
26p.

SCMUTTERER, H., /SCELR, K.ReS. and REMBOLL, H. (eds.) {1981). Ratural
pesticldes from th~ ne.w tree (Azadirachta indica A. Juss.) Proc. lst
Iatl. Neem Conf., Rottach = Egern, Germany. German Agency for Technical
Cooperation, Eschborn, Germzny, 297p.

TAYLOR, G.F. &nd TAYLCR, . BeA. (1979/1980). Forestry in the Sshel: .a
selected biblinsrsphy -7 anrurce materials relating to arid zonme forestry
and the Southern fringe of the Saharz. Curreat Bibliography of African
Affairs 12 (1), 33-49 (Coll. Pavir. Sci. and For., Svracuse, WNew York,
USA.)

WEE, Y.C. and RAO, A.N. (1982). Current and potential plant resources of
the tropical rzin forest. 1In Tropical forests: source of energy through
cptirisation and diversification [edited by Srivastava, P.B.L. et al.]
Serdang, Malaya; Penerbit Universiti Pertanian Malaysia, 115~25.

Note An annotated bibliography of over 1000 articles oa palms (excluding

" date, coconut and African ofl pelm) 1s 1in preparatica at the New York
Botanic Garden (pers. commu, M.J. Balick, KYBG, Bronx, New York, USA,
January 28, 1983).
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B. Periodicals

Acta Amazonica (Brasilia, Brazil)

Agro-Forestry (Turrialba, Costa Rica)
Agroforestry 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 Plorestal (Brasilia, Brazil)

Brittonia (New York, USA)

Commonwealth Forestry Review (Oxford, England)

East African Agriculture and Forestry Journal (Nairobi, Kenya

Eccnomic Botany (New York, USA)

Experimental Agriculture

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 Porestry (Peshawar, Pakistan)
Principes (Ransas, USA)

Sudan Silva (Khartoum, Sudan)

South African Forestry Journal (Pretoria, South Africa)
Sri Lanka Porester (Colombo, Sri Lanka)

Sylva Africana (Nairob!, Kenya)

Sylvatrop (Laguna, Phil'!ppines)

Tropical Forestry Papers (Oxford, England)

Tropical Science (London, ¥ngland)

Turrialba (Turrialba, Costa Kica)

Unasylva (Rome, Italy)

Abstracts

Applied Botany Abstracts (Lucknow, India)

Arid Lands Abstracts (Parnham Reyal, Bngland) (Terminated)
Ecological Abstracts (Ncrwich, Eagland)

Ecology Abstracts (London, England)

Forest Products Abstracts (Parnham Royal, Bngland)
Forestry Abstracts (Farnham Royal, ®ngland)

Herbage Abstracts (Parnham Royal, England)
Horticultural Abstracts (FParnham 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)

A, Qeneral

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
recommended that it shculd be distributed as follows:

(a)

(®)

(c)

{d)

(o)
(£)

(e)

US$ 10 000 to the Inmtituto Nacional de Investigaciones Forestales (INIF)
in Mexico, for further exploration and collection of Mexicen conifers and

hardwoods.

US$ 3 000 to the Forest Research Institute of Nigeria, for further explora~
tion and collection of trupical hardwoods in West Africa.

USS 3 000 to the Centre Technique Forestier Tropical, for further exploration
and oollection of tropical hardwoods in West Africa.

US$ 15 000 to the Diviszion of Forest Research, C.S.I.R.0. in Canberra, for
further exploration and collection of the gemus Eucalyptus and other genera
in Australia, and for cooperative exploration and collection expeditions with
countries in the East Indies. .

US$ 5 000 to the Department of Forests, Papua New Guinea for further explora-
tion and collection of species of Eucalyptus, Araucaria, Toona and Flindersia.

US$ 1 000 to the United States Forest Tree Seed Centre at Macon, for supply
of seed to developing oountries.

US$ 8 000 for contingencies, to other institutees as required.

(2) The Pansl noted with gratification the proposals of FAO's Forestry Department
that the Regular Programme funds for Forest Genetic Resources in 1978/79 be sudstantially
increased, as compared with 1976/77. It recommended that, in distriduting such additional
funds, FAO should give consideration to supporting the following:

(a)
(v)
(o)
(4)
(e)
(£)

(&)

Exploration/collection of Central American oonifers and hardwoods by the
Commonwealth Forestry Institute, Oxford.

Additional exploration and collection of West African hardwoods by Forest
Repearch Institute of Nigeria and Centre Technique Forestier Tropical.

Collection of Bediterranean conifers coordinated by Istituto Sperimentale
per la Selvicoltura, Florence.

Additional exploration/collection of Australian spscies by Division of
Forrst Hesearch, C.S5.I.R.0., Canberra.

Additional exploration/collection of Papua New Guinea species by Department
of Forests, Papua New Ouinea.

Exploration/collection of Gmelina and other hardwoods, ard of Himalayan
conifers, bty the Indian Forest Service and the Danish/FAO Forest Tree Seed

Centre.

Additional collections by the U.S. Forest Tree Seed Centre, Macon, for supply
to developing countriea.

)~
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(h) International surveys and mssessments of provenance trials of Eucalyptus
and other genera.

(i) Training activites in all aspects of the exploration, collection, evaluation,
conservatiocn 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 Fzrest 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 Panel could fulfil,

(4) The Panel cmphasised the value of the publication "Forest Genstic Pesources
Information" and recommended that FAO contimue to publish it periodically.

(5) The Panel welcomed the proposed change of title of one post in FAO's Forestry
Department from Forestry Officer (Afforestation) to Forestry Officer (Cenetic Resourcee and
Troe Improvement), which reflects the importance which Porest Genetic Resources has
Iacreasingly assumed in the Department's Regular Programme over the past decade. At the
.amg 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 sdditional coordinating ataff, which might be financed from

Trust Funda.

(6) The Panel wermly welcomed the new project on Conrervation of Forest Genetic
Resources (1108-75~05), which is being financially eupported 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 majority of species, tut 3soognised its long-term nature. Operations
for in situ conservation which could be completed in a two year project were oonfined to
ecological survey, demarcaltion of boundaries etc, For this reason, the Panel noted that the
project's operational progreas in in situ conservation had been slower than in ex situ
censervation o 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 establishmaent of ex situ conserva~
tion stands, for which there is # considerable demand,or to training activities. The funds
of the current project should, if possible, be allocated in sufficient quantity to cover the
full establighment period. The Panel Tecomnended that UNEP give favourable oonsideration to
the oontinuation of conservation operations by financing a follow-ap project when the ocurrent

project ends.

(7; The Panel recommended that close liaison be maintained with Unesco (KAB 8
programxme) and IUCN in all activities oconcerned with in situ conservation. In situ oconserva~
tion of forest genetic resources can frequimntly be combined with nature consorvation in
ganeral, but the apecial needs-and problens of genetic oonservation should not be overlooked,

(8) The Panel noted that the IBFGR at its Third Session (February 1976) had, in
addition to food treee, identified the exploration and oconsearvation 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 welcowmed the interast
of the IEPGR in species valuable for agricultural communities and noted the list of candi-
date vpecies in the secretariat note "Species for Improvement of Agricultural Environment
and Rurel Living" (FO: FGR/4/6). Of these, Eucalyptus camsldulensis and E, tersticornis
were already included in the UNEP project, while E. microtheca and several species of Acacia

and Prosopis should bs given high priority.

(9) The Panel emphasised the importance, and the present inadequaqy, of training
facilities in 1he comparativaly new field of Forest Genetic Resources. It reoommended that
training should be expanded. It should be adapted to local needs and oould {nclude 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 programmes for individusl species of wide importance, s.g. Pinus caribaea in the
tropics, Pseudotsuga in N. America and Europe. Where appropriate, this should include
national seed orchards producing seed for intermationsl use. An essential part of thnis
work would be the compilation of an international register of seed orchards, following the
example of EEC, showing tha quantitiss of seod expscted to become available to other countrie

26 To Governmments

(1) The Panel expressed ite 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 view of ihe essential
role of the Seed Centre in the series of FAO/DANIDA Training Courses on Tree Improvement,
Genetic Resources, Seed Bandling and Afforestation; in coordination &nd 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 Goverament give concideration to
the continuation and, if possible, the strengthening of the Seed Centre at Humlebaek.

(2) The Panel noted that a proposal had recontly buen put forward by FAO that the
Danish International Development Agency (DANIDA) should consider including the establizhment
of intemational ex siiu provenance conservation siands in its progremme. The Panel endorsed
this proposal for an importsnt addition to the valuable prograame in international forest
genetic resources already being carried out with DANIDA support and gsuggested that the Danish,
FAO Forest Tree Seed Centre would be the best institute 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 Forestxy Instiitute at Oxford, through its Unit of Tropical Silviculture, which
included such varied activitieo 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. Govermment would continue to
support this important work,

(4) Tne Panel expressed its warm sppreciaticn of the excellent work of the Seed
Seotion of the Division of Forest Besearch, C.S.I.R.0. Camberra and noted the wide rangs of
spesocies and provenanoes oollected since its last session in 1974. It expresszaed partioular
satisfaction that substantial new 6olleotions of the Petford and Katherine provenances of
Euoalyptus osmaldulensis-and the Mt. Garnet provenance of Tacalyptus tereticornis had been
made for omservation purposes with the assistance of UNEP funds. It recomsended that the
Divigion of Morest Bemearch contimue these opsrations, which are of great value to many
deweloping oountries, and that, in dstermining the species to be oolleoted in the futire,
priority bs given to thoso of value for sgricultural ocmmunities.

(5) The Panel expressed ite wam a reciation of the excellent work of the Instituto
Nacional de Investigaciones Forestales in Mexico, in the further exploration and collection
of Pinus oocarpa 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 operztions be continued and expanded to cover
additional genera, e.g. Pseudotsuga, Populus,

(6) The Panel expressed its warm apprecietion of the excellent work of the Indian
Forest Service in the exploration and collection of a number of provenances of Cmelina
arbores in India, in collaboration with the Danish/FAO Forest Tree Seed Centre. 1In view of
the potential importance of this species for many tropical countries, the Panel recommended
that this work be continued and extended to other countries. .

(7) The Panel expressed its warm appreciation of the excellent work of the Forest

Research Institute of Nigeria and the Cenire Technique Forestier Tropical, in the explora~
tion and collection of tropical hardwoods in West Africa, and of the work done by CTFT in

A
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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 e ressed its warm appreciation of the excellent services provided by
the U.S. Forest Tree Seed Centre at Macon and recommended that these be continued and

expanded.

(9) The Panel recognised the paramount role of national staff in the management and
assessment of mpecies and provenance trials, in order to derive information of maximum value
for local purposes. At the Bame tima, it recognised the value, for comparing results between
countries, of assessmenis carried out to a common international standard. It recommended
that institutes respornsible for the coordination of international trials should be prepared,
on request, to assist tooperating countries in asseasment 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 recommendatinn that research should be
intensified, particularly in the tropics, on flowering and reproductive systems, in addition
to seed handling. While welcoming the publication "Tropical Trees, Variation, Breeding and
Conservation”, the Panel noted that basic resesarch on reproductive biology of most trorical
hardwoode is still lacking.

(2) The Ponoal welcomed the publication of the Report of the IBPGR Working Group on
Engireering, Design and Cost Aspects of long-term Seed Storage Facilities. It recommended
that panel membsrs should seek the comments of forest seed experts in their respective
oountries on the extent to which the prescriptions for long-term storage of agricultural
seede are applicable to foreat seeds. If the requirements are similar, at least in the case
of "orthodox seeds", the Panel recommended a survey to ascertain which forest seed centres
could provide the racommended facilitiesn.

(3) The Pauel reiterated its previous recommendation that information on equipment
for Bseed collection be sunmariced and published as soon as possible., It noted the currens
survey of sead equipment being carried out by Dr. Bonner for the IUFRO Horking Party on Seeé
Problems, which is expected to include equipment for seed collection. If additionzl, more
detailed, information is recuired, the Panel expressed the hope that the FAO/DANID4 Forest

Tree Seed Centre would undertake the work. It recommended that the publication should
include information on safety regulations.
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NATICNAL RESEARCH COUNCIL

OFFICE OF INTERNATIONAL AFFAIRS

2101 Consatuton Avenue Washington, D.C. 20419

CABLE ADORENS: NwARSCO
VWX 0. TR8-22. 93

BOARD ON SCIENCE AND TECHNOLOGY OL7ICE LOCATION:
FOR INTERNATIONAL DEVELOPMENT JOSKPY MENRY DURDING
ST STRRNT 43D

Albizzia falcataria,
Gliri{cidia sepium,
and Sesbania

grandiflora

The Office of internanonal Affesrs of the Natona! Resenrch Council sevves the internatronal mievests
the National Academy of E ngpneenng, and the Imnrute of Mediane

FAST~GROWING, NITROGEN-FIXING TREES

GRANTS APPROVED

through December 1982

Philippines

PRNNSYLVAMIA AVENUE, M. W,

PRINCIPAL
NO./TITLE INSTITUTION/COUNTRY INVESTIGATOR - PERIOD
FGT-CL-1-83-13
Evaluation and Testing Instituto de Investiga- E. Maria 11/30/82-
of Fast-Growing, ciones Tecnologicas Elena Torres 11/30/85
Nitrogen~-Fixing (INTEC)
Tree Species for Chile
Semi~Arid Regions .
FGT-KE~1~82-19
Technical/Scientific International Council Peter A. 3/9/82-
Back~up for Research in Huxley 3/8/83
Agroforestry (ICRAF),
Kenya

PGT~KE-3-83~17
Selection and Testing Department of Forestry Frederick 11/23/82~
%‘zﬂﬂﬂl for Use {n University of Nairobi, Owino 11/22/86

' Wiodiors and Kenya
Agroforestry
Combinations
FGT-MX~2~83-12
Native FGNFTs in Instituto Nacional Enrique Pardo 3 years
‘Upland and Lowland de Investigaciones Tejeda
Sites as a Source Sobre Recursos Biloticos
of Fodder, Fuelwood (INIREB),
and Soil Enrichment Mexico
FGT-PH-1-83-11
Nitrogen Fixation Visayas State College Rudolfo G. 3 years
and Multiple Uses of of Agriculture (ViSCA), Escalada

of the Nanonal Academy of Scumcs,



FGT-TH-1~82-20
Fleld Trials and
Testing of Selected
Species of Fast-
Growing, Nii.rogen-
Fixing Trees

Determination of Best
Species, Provenances
Rhizobia, Mycorrhiza
in the Congolese
Savannahs

Fast-Growing, Nitrogen
Fixing Trees in Agro-

forestry: Effect on
Crop Yields and Soil
Properties

Soil Factors which
Limit Biological
Nitrogen Fixation in
Leucaena leucocephala
in Panamanian Soils

Nitrogen Fixation
Potential of Some
Woody Chilean Plant
Species

An Inventory of the
Genus Acacia in Sudan:
Spatial Extent,
Utilizaction, and Germ
Plasm Characteristics

Thailand Institute

of Scientific and
Technological Research
(TISTR),

Thailand

Narong
Chomchalow

GRANTS IN PROCESS*

Daniel
Diangana

Centre Technique
Forestier Tropical
(CTFT), ‘
People's Republic
of the Congo

Bunda College of 0.T. Edje
Agriculture,

Malawi

University of Panama,

Panama Hernandez

" GRANTS TENTATIVELY APPROVED*

Pontificia Universidad
Catolica de Chile,
Chile

University of Gezira,
Sudan

Blanca C. de

Mahdi Beshir
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2/11/82-
2/10/85

4 years

4 years

3 years

Orlando Balboa 3 years

2 years

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

51.01-06 Tropical and subtropical forest ecosystems
$1.05-02 Afforestation problems in arid and sub-arid regions
S1.05-06 Multiple;uae silviculture

51.07.06 Silviculture of mangrove forests

$1.07-07 Agroforestry

S1.07-08 Silvicultyre of mangrove forests

$1.07-09 Wood production in the neotropics via plantations
S$1.07-10 Tropical land rehabilitation by afforestation
S1.07-11 Tropical nursery and plantation techniques
P1.09-00 Integrated research in biomass for energy
P1.11-00 Mediterranean shrub ecosystems

P1.12.00 Casuarina

Division 2. Forest plants and forest protection

$2.02~01 Dendrology

$2.02-02 Conservation of gene resources

52.02-03 Species monographs

52.02-08 Tropical species provenances (excluding eucalypts)
$2.02-09 Eucalypt provenances

$2.03-01 Breeding tropical species

5$2.03-03 Seed orchards

52.03-04 World directory of geneticists and tree breeders
$2.03-10 Breeding Eucalyptus

147


http:P1.12.00
http:SI.07.06

$2.06-13
P2.02-04

P2.04-00

Division 5.
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Phytosanitary regulations and quarantines
Nitrogen fixing trees

Seed problems

Forest products

P5.01-00
P5.03-00

P5.04-00

Propertiés and utilization of tropical woods
Energy and chemicals frow forest biomass

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 (IUFRO) fs
seeking a senior level forester for a position as Special Coordinator, to
increase JUFRP 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 1in developing countries that will fdentify urgent research
needs and develop action plans to meet these needs, (2) to dissemainate
information on forestry research problems and activities fn developing
countries by preparing articles for JUFRO 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 meetings.

Qualifications: required

1. A university degree in forestry, preferably at the doctoral Yevel,

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 1internaticnal forestry organizations,

5. Experience 1{in dealing with high-Teve! government ovficials,
university and other research institute directors, and officers of
fnternational organizations in administering multilateral and bilateral
donar funded projects in a developing country environment.

6. Capability to work independently without close supervision or
direction.

7. Fluency 1n English, including the demonstrated ability to write
polished letters and reports. The ability to speak and write in Spanish,
French, and/or German {< desirable.

8. The physical stamina to carry out extensive and extended travel to 4
wide variety of locations throughout the world.

Angcations'

Applicants should submit a letter describing how they meet the above
qualifications, a curriculum vitae, and the nemes (with 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 Or. Robert E. Buckman
IUFRO President Vice President, IUFRO
Biotechnical Faculty USDA Forest Service
Krekov trg 1 P.0. Box 2417

61000 Ljubljans 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 [UFRO Executive Board in Manaus, Brazil, July 17.29.

\o”
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Extract from J.B.W, Kenrick's M.Sc. thesis on Acacia breeding system,

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; Hocking (1970) and Janzen(1974) noted that when the
swollen-thorn acscias were grown in glssshouses 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. mearnsii and A. decurrens, Both A. mearnsii and A. decurrens
do set some seed by self-pollination (Philp and Sherry, [546; Moffett, 1956)

and A. baileyans sets seed by self~pollination (Newman, 1934). Zapata and

Arroyo (1978) found self incompatibility in A. macracartha.

The mechsnism of self-incompatibility is not known. The spatial and temporal
separation of anther and stigma surface would be insufficient to prevent
pollination becauae there are almost always other inflorescences on the same

plant at various stages of development.

ARROYO M.T.K, 1981. Breeding Systems and Pollination Biology in Leguminosae
In. Advances in Legume Systematics 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 22: 21155

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, 3.

KENRICK, J., MARGINSON, R., BERESFORD, G. and KNOX, R.B. (1983). Birds and
pollination in Acacia terminalia. In Pollination “82™ Ed. Williams E.G. and
Knox, R.B. University ot Melbourne.

KNOX, R.B. and KEMRICK, J. (1982). Polyad function in relation to the breeding
system of Acacis. In Pollen Biology (ed, Mulcahy D, and Ottsvians, E.,
Elserieu-North Holland Press (in press),

MOFFETT, A.A., 1955. Genetical Studies in Acacias. |, The Estimation of Nstural
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, mesrnsii De Wild,)
Wattle Research Institute Report 1973-74.

NEWMAN, I.V., 1934. Studies in the Australian Acacias. 1V, The Life History
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Seed certification, provenance nomenclature and genetic history
in forestry

By N. Joncs') and J. Buatey?)

(Received March / revised April 1973)

Introduction

The establishment of forest plantations throughout the
world demands annually increasing amounts of seed.
Seeds are often transferred between countries, or between
arcas within countries, accompanied by inadequate fin-
formation about their source and htstory. Many countries
have established seed zone systems for their indigenous
species and various schemes of seed certification have been
or are bheing designed in which better and essentia) ‘in-
formation on seed is provided both nationally and In rela-
tion to international trade.

Most existing schemes relate to European and North
American countries; the purpose of the present paper s
to bring them to the attention of other countries, particular-
ly those tropical and subtropical countries that are cur-
rently establishing large industrial plantations of both
exotic and indigenous species. The development of local
certification schemes based on an International system is
recommended. There are, however, limitations in the ex-
isting systems for tree brecding programmes which are
notedd and some amendments suggested.

Reed ecriilication

Certilication Is defined in English usage as the authorita-
tive attestation of facts or statements and it usually im-
plies documentation by a formal written certificate. Seed
certitication Is an official statement that a seed lot con-
forms to certain standards which may Include specific
identity, origin, genetic characters and seed purity. These
include the ‘genetic' and ‘somatic’ values described by
Roumener (1860). As used by plant breeders, after many
years of development, geed certification implies genetic
improvement and it aims to facilitate the provision of high
quality seed from superior crop plants with stmilar genetic
identity and purity. In this case, strictly, the term rertified
should be reserved to describe seed of improved (and uni-
form genctic) quality; it should not be used to fdentify seed
origin. Complete genetic uniformity and predictabilily are
Reneiaiiy obiained only after several generations of selec-
tive breeding and in forestry they have heen rarely obtain-
ed or required. For forestry, therefore, seed certification

systems have developed largely to pruvide labels and re-
" cords that glve officially authenticated details of identity
and origin; a summary of early Furopean work was given
by Commonwealth Forestry Bureau (1041). However, as
tree breeding progresses and particularly as improved
seeds are exchanged between countrics, it will become
inereasingly important to know more of their genctic his-
fory and quality.

According to Banxs (1968) forestry has been slow to fol-
low agriculture’s lead in seed certification for three main
reasons: — (i) the Jack of appreciation of the importance
of sced origin, (i) seed certification is based on breeding,
and tree breeding is slower than agricu!tural breeding, and
') United Xingdom Technical Asalsiance, Federal Department of

Forest Research, Ihadan, Nigerin,
") Commonwealth Forestry Institute, Oxford, England,

Hivac Genetica 22, 3 (1973)

(ili) the volume of forest tree seed traded Is small. Also tree
seed is commonly collected by unsupervised and unskilied
labour, However, as tree breeding programmes become
productive, seed certification is Becoming more urgent,
particularly in tropical regions with their fast growth,
eavly flowering and short commercial and breeding rota-
tions,

A delailed review of progress towards seed certification
in 30 countries was provided by Martriaws (1964). There were
at that time 12 comprehensive national certification sche-
me.; with the exception of Japan and U.S.A. these were all
for European countries. Since then Canada has progressed
towards the development of a national scheme which is
currently applicable in Alberta, British Columbla, and
parts of Northwest Territory and the Yukon (Wanc and
Suxial, 1969; Anow,, 1971, 1973; Paesen and Puerrs, 1971).
(Source-identified seeds with a value approaching a quar-
ter of a miltfon Canadlan dollars are now exported annual-
ly from Canada under this scheme.) In Anstralia the prin-
ciplez of sead certification have been discussed (e. 9.
Banxs, 1968, 1970) but there ure no state or national systems
operating. The State Forest Services have usually rmain-
tained records of the origin of seed lots on a voluntary basis
{Tunnnuwr, 1973; pers. comm.Y),

Marrnrws (1964) outlined the principles of a national
seed certification scheme and a good example of the detalls
of such a acheme was given by Scuornixe (1969) for the state
of South Carolina, U.S.A. Minimumn standsrds for certifi-
cation, particularly for the provenance and progeny test-
Ing necessary, have been described by the Georgia Crop
Improvement Association (1959), Waxetry et al. (1860),
Baneer (19684), Scoemixe (1968) and Syean (1969).

Despite the cooperation of foresters, seed collectors, seed
dealers and local or national legislators, §t {5 obviously
difficult do develop natlonal schemes that are acceptable to
all those cor .erned with tree sced. ‘“ee, for example, the
earlier controversy in the United States recorded in Soclety
of American Foresters Seed Certification Subcommittee,
1861, 1963 a, 1963 b; Western Forest Tree Seed Committee,
1961; Cecn, Barara and Zowr, 1962).

Clenrly it is important, even though difficult, to create in-
ternationally acceptable systems of seed certification. As
more countries becume invoived in seed exchange, planta-
tlon work and trec improvement, suct a syster, can be
vonsidered essentlal. In fact an International scheme does
now exlst. This is the scheme which sets minimum stand-
ards for the control of forest reproductive material mov-
ing in International trade, prepared by the Organization
for Economic Cooperation and Development (O.E.C.D., 1971;
sce also Barnes in FLA.O., 1971). Firs{ accepted in 1867 after
several years' preparalory work and meectings, this latest
version is still subject to discussion and amendment.
O.E.C.D. covers 23 countries, 17 of which are interested in
the scheme while 11 have already named their designated
authorities for the issue of certificates and Jor making the
necessary chedks.

) J. W. Ternnmiui, Seeos Section, Forestry and Tinber Bureau,
Canberra, Australla.
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The Organization for Economic Coaperation and Devel-
opment, in its scheme discussed above, defined the fullow-
ing:

Provenance - The area on which any stand of trees is
growing. The stand may be indigenous or
non-indigenous. (At Its meeting in 1972 the
O.E.C.D. proposed a slight amendment: The
place in which any stand of trees is grow-
ing. The stand may he indigennus or non-
indigeno;u.)‘)

Origin = For an indigenous stand of trees the origin
is the place in which the trees are growing;
Jor a non-indigenous stand the origin is the
place from which the seed or plants were
orlginally introduced. )

Whlch ever delinition of provenance is used, it is desirable
to compare different seed lots ‘in designed experiments
called provenance tests. Indeed the ‘certified’ category in
the O.E.C.D. scheme requires proof of superiority to be
shown by provenance or progeny tests, Currently propuosed
amendments for the O.E.C.D. scheme may include one or
other of the following definitions:

Progeny.

Offspring of a particular mating, or of a particular mate,

or of a particular individual in the case of apomictic

reproduction (Risckn, Micnuarus and Gnrern, 1868),
Progeny test.

Evaluation of parents by comparing the performance of

thelr offspring. Accuracy is usually gained because

several to many offspring per parent are evaluated
under more controiled conditions than exist for the

parent (Guvben, 1972)

Progeny test,

Evaluation of parents by the performance of their sexual

progeny. Includes }-parent progeny test, in which only

the female parent i known, and 2-parent progeny test,
in which both the seed an-d pollen parente are known

(Wi, 1962),

Limitations of existing definitions

All the definitions of provenance quoted above have
limitations. The object ot any detinition s to provide as
many people as possible with as much unequivocal {nfor-
mation 2s possible about the object described, With careful
and combined use of one or more of the abuve definitions,
the geographic histnry of a seed lot could be described, . e,
where the seed Itself was collected and where the seed
that produced its parent trees had originated, and so on.

Consider, for example, the provenance nomenclalure ap-
plicable to a sample of seed of Pinus patula collected in
Kenyan plantations; these plantations were raised from
seed collectew in South African plantations and these were
themselves ralsed from seed collected in natural stands in

Los Reyes, Hidalgo, Mexico. The source, origin or prove- -

nance could variously and reasonably be named Kenya, or
Kenya ex Mexico, or Kenya ex South Africa ex Mexico,
or Mexico (Los Reyes, Hidalgo). In practice all available in-
formatinn should be sought and glven, particularly In
International transters of seeds.

However, none of these possible names would give any
Indication of the history of naturai and artificial selection
to which the natural stand and subsequent plantations
had been subjected, and which could influence the genetic
constitution of the seed sample. {Additionally, and quite

) Personal communicstion, H. Baanea 4th July, 1972,
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cdrrcctly, none of these names gives any indication of the
pattern of natural variability In a species.) None of the
classificatory and nomenclatural systems discussed above
can tmpart sll the information that js desirable about tle
antecedents of a given seed lot; they relate only to the
geographical history not to genetic history.

All genetically basad tree improvement programmes es-
sentially follow classical plant breeding procedures. The
value of the end product is recognised and cultural techni-
ques are developed to produce an acceptable yield. Certain
highly productive or better adapled populations are iden-
tified and intensive breeding is based on these. The genetic
variability is high in early populations; as the amount of
parental slock s decreased by selective breeding, the
Renetic variability will be reduced which in turn reduces
the genetic gains possible by further s:lection.

To maxzimise genetic gains i is essential to know the
genetic composition of the initial population used for
breeding. In the next section we consider some of the pos -
sible alternative histortes of natural and artificial gelection
that could have 2 bearing on the planning of programmes of
selection and breeding. It is not suggested that s formal
system of nomenclature or classification be developed for
these; rather we would wish only to emphasise the need
to obtain as much relevant information as possible on
each :~~d lot.

Geneile history

A sample of re:productive material may comprise fruits,
sevds, pollen, sclons for vegetutive propagation, or tissue
fur aseptic culture, but the following discussion will be
restricled to seeds because these torm the major com-
ponent of commercial forest reproduction, particularly
seeds of naturally outerossing species.

A sample of seed from one population of parent trees
may be collected from one, a few, or many parents. The
amount of genetic varlability reprecentied generally in-
creases wlth increasing number of parents particularly if
they were randomly zelected to represent the population.
However, penetic varlubility may be reduced even with
larger numbers of parents {f the parents were located
close together In a natural stand, or if they occur in a
plantation which itself was derived from a small number
of parents, or if they were selected to meet specinl criteria.
In the latter case, their phenotypes are similar and there
is an Increased chance that their Renolypes will be simifar;
in the other two cases there is o greater chance of common
descent (coancestry).

There are threc imporiant consequences of reduced
genetic variability in a seed sample. Firstly, in the coni-
mercial plantation there i3 a risk of increased susceplibility
to damage by psthogens and climate tactors, and to a
change in marketability of produce; this risk, common to
all types of monoculture, increases as genetie variabitity
decreases, slthough it may be offset to some extent by
increased predictability of performance and ease of man-
agement. Secondly, the amount of additive genetic varfance
available for future use by selection in the plantations is
decreased, reducing the further 8alns possible through
breeding. Thirdly, the risk of fnbreeding depression in a
breeding programme Increases with fncreasing degree of
relationship between selected individuals.

The number of parents represented, and their degree of
relationship are thus important considerations when & crop
is raised from seed. Sced may be obtained in bulk com-
mercial collections or as smali 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-gcience
-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 germplasm. - :

Iwo major sections make up the body of this report. Section One provides
a determination of those paims considered to have aultipurpose qualities,
a classification of the designated palms into three groups on the bawsis

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 ecientific names are given upon the first
reference to a palm; thereafter, for the sake of brevity, only ‘the
common name is employed.

MULTIPURPOSE PALMS AND GERMPLASM 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 (Graminze) 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 trzined 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. ‘



Determination and Classification of Multipurpose Palms1

Determining which of the many palms should be considered to be mltipurpose
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
tropicel crops. Incipient agroforestry systems are already being
practised with these palms, and more advances can be expected as
strategies for improving the productivity of the palms are allied with
complementary gropping and grazing systems. Although commonly not included
among agroforestry species, the date palm (Phoenix dactylifera) is
included because of its potential for tropical desert grazing 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 way be described as being in a state
of incipient domestication. All are mul tipurpose 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 heact
production, and reforestation; and the sago palm (Metroxylon sagu)
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 pelms 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 activities. 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 (Attelea funifera),
and raffia (Raphia spp.) palms support export fiber industries, and
rattans (Daemonorops spp.) furnish commercial quantities of cane. A
number of the palms show promise as reforestation plants, such as the
mazari palm (Nannorohops ritchiana) in mountaincus terrain, the sealing
wax palm (Cyrtostachys lakka) in tropical swamps, and the thatch palms
(Thrinax spp.) in dry, limestone areas.




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 gingle

seed leaf. Considering that palms normally are unbranched (with the
exception of the doum palm (Hyphaene epp.), this means that each plant
has onliy a single growing tip. Physical damage to or parasitic attack
upon the 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 prun2d 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 (Elseis 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

&s the palmyra (Borassus flabellifer) and carnauba wax palm (Copernicia
runifera), 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 registance of the tree to environmental stress,

and meke it more susceptibie to parasitic insects and digeases, and

stunt its growth.

Palms are less vulnerable to fire damage than conifers and dicotyledons
because the bascular 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
bagses, 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 may 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



quality. This is a common procedure in commercial date groving.

Certain of the cultivated palms ere terminal flowering. This hapaxanthic
made of life, rare in woody perennials, ig 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 flovwering, 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 foilow 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 Group II Group III

Phoenix dactylifer Bactris gasipaes Copernicia spp. (some)

Eugeissona utilis Cyrtostachys lakka
Euterpe oleracea Daemonorops spp. (come)
Metroxylon sagu Licuala spp.
Nypa fruticans Nannorhops ritchiana
Salacca zalacca ' Oncosperma spp.

Pinanga spp.

Raphia spp.



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 thesize 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 not 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 stutus 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 €rom 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 palw subfamilies, can be found
in Moore (1973a). 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 Raphia 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




Orbignza 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 publication 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 “he survival of sowe 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 asbout
natural areas and is applicable when greater scientific knowledge about
a particular palm is available, or can be inferred from the location of
commercial extraction activities. 1In either case a sélected 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 ywhich
has proved empirically to be above average in yield of its useful
products, a selected stand is a gene pool possessing high potential. Those
Palms in Group II which have been brought under a rudimentary form of
cultivation probably ~épresent selected germplasm from the wild, used

as planting material Secause of direct evidence of high productivity.
Core ereas 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 II. As a result of studies by Dahlgren and Glassman
(1961) and Jobnson (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 8pp.) of Group III may serve as an example
of inadequate information. According to Whitmore (1973) there are

25 accepted species in the Malay Peninsula alone. The species distri-~
butions 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.

U



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 cil 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
palms 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 gardeus 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. The .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 Horticultural Magazine
(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,




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 epecies 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 Iropical Garden and the Indian
Botanic Garden have long been in existence, it is safe to assume that
if the specimens are still in the collections they are mature and
bearing seed. '

An alternative to obtaining palu 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 runm 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 geed is
received, small batches are immediately dispatched to participating
members. The operation maintains itself by charging members a fee to
cover the cost of seed shipment to the Bank and their distribution. Air
mail is used for all shipments.



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.

Regearch 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 cainot 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-scieride can quickly be summarized from the work of Fisher and
Teai (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. A
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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 genmeral 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 care and caution where those resources are concerned.
Another common 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 Gerwplasm

Crucial to the acquisition and distribution of palm germplasm is a
determination of where, geographically, the major development effort
is to take place. Origins 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 palw,
although native to West Africa, has seen its greatest commercial
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; the

Fiji fan palms (Pritchardia spp.) 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
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and Malaysia would greatly facilitate collection of germplasm from native
wild and selecved 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 geirmplasm 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 notw representative of the full
range of pnenotypic 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
ir the identificaticn, collection techniques, and location of major
natural stands of economic palms.

This procedure has been used Euccessfully by the New York Botanical
Garden's study of babassu in Brazil, which includes all species of
Orbignya. This is a joint United States-Brazil program coneisting 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 Orbignya spp. were made at the
time of seed collection and deposited in herbaria in Grazil 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 fuungi. 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 cocperating
agencieg, is devoted exclusively to babassu; it is ideally located in

a cure area of the palm's distribution. In 1982 the Kew 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

W
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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 Bank requests that volunteer supplies complete s collectipn
data sheet to be furnished with the seed; the informscion 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 germplasm 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 =nd the seed is clean. Similarly,
the dissemin:tion of seed to foreign countries presents no obstacles; the

Seed Bank relies upon recipients to furnish any special packing instructions

or forms tu accompany the seed.

For reasons already discussed, bota ;:al gardens are only moderately
satisfactory as sources of documentec germplasm. Typically, the
information on the origin of the palms in the gardens is very generalized
unless the seeds 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 growtn habits are genotypic or phenotypic. An
excellent cxample of the latter is the carnmauba 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 growing 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 Séﬁﬁriﬁg 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 II mul tipurpose 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

NG



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 TII 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 spp.) for incorporation
into tropical grazing systems. These palms sre almost extlusively
native to the island of Cuba. Since the revolution in 1959, it has been
very difficult for foreign scientists to conduct field regearch in

Cuba and there are recent reports of lorg 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 ag 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). It would serve as an
acceptable substitute germplasm source. However, this is an exceptional
circumstance and it should not be agsumed that alternative sources exist
for all of the multipurpose palms.

The séientific 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 palus.

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). '

.
\
A
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Current oil palm breeding programs are able to draw upon genetic
resources including the Nigerian Institute for 0il Palm Research (NIFOR),
the Institut National pour 1'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 made
between the African and American oil palms show promising results, with
disease resistance for cultivation in South America Among other
desirable 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 p2lm are summarized by Clemeat 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 brecdiag
improvement of multipurpose palms. All types of breeding programs

are costly undertakings; in the case of tree crops, results are

prolonged because of the tength 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 yesrs. Indications are (and the available data are far from complete,
that many of the other multipurpose species have an even later sesxual
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 l4 years to reach sexual
maturity. The other crucial factor was the marked substitutior of polymer
waxes for vegetable waxes in the game 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 te
prevent the inadvertent introduction 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 germplasm
exchange in the development of the 0il 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 and adopted. Turner mentions *the tramsfer 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 Ay serve as

an example.

Responsibility for regulating the export and import of germplasm rests
with the U.S. Devartmenctc of Agriculture, Plant Quarantine Center,
Beltsville, Maryland. The designation "plant material" is usel to

cover all types of germplasm. Appendix II summarizes the procedures

for exporting plant material from the United Statcs, and notes that
bilateral 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 gpecial
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-
mwent nf 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 publighed information and refinement of the roles
the palms will play, final determination will require field work in the
two centers suggested: Tropical America (Brazil) and South-East Asia
(Malaysia).,

Note

1. This and the following section on palm characteristics are based on
a8 manuscript entitled "Multipurpose palms in agroforestry: a

classification and assessment," submitted for publication to The Inter-

national Tree Crops Journal on November 15, 1982,




TABLES AND APPENDICES

TABLE 1:

Scientific and
Common Names

Areca catechu L,
areca or betel
palm

Cocos nucifera L.
coconut palm

Elaeis guineensis
Jacq.

oil palm or African
o0il palm

Phoenix dactylifera L.
date palm

IMPROVED, CULTIVATED PALMS

Origin and Native
Habitat

S,SE Asia: inferred tropical
rainforest, to 900m; unknown
wild

SE Asia: inferred tropical
rainforest, esp. coastal
sites, to300 m; unknown wild

W Africa: trepical rainforest,
forest, esp. upen, 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,
rcontainers, trunk for
wood; seed in veterinary
medicine

edible o0il, 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, wesving;
petioles

for fencing,
construction

edible fruit; sap for
wine; leaves for thatch,
weaving; trunck for
wood; many misc,
products

&



TABLE II:

Scientific and
Common Names

Arenga pinnata

(Wurmb. ; Merr.

Sugar or gomuti
palm

Bactris gasipaes

HBK

peach palm, pejibaye,
pupunha

Borassus flabellifer L.
Palmyra palm

Calamus spp.
rattan
Caryota urens L,

Fishtall or toddy
palm

Copernicia prunifera
3M111.5 Moore

carnauba wax palm

Corypha umbraculifera L.
talipot palm

Elaeis oleifera
(HRK) Cortes
American oil palm,
corozo

Eugeissona utilis
Becc.
bertam palm

Euterpe edulis
Mart, '
palmito branco or
jucara

Euterpe oleracea
Mart,

Acai or palmito da
Amazonia
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UNIMPROVED CULTIVATED OR MANAGED PALMS

Origin and Native
Habitat

S,SE Asia:
rainforest
te 1,200 m;
unknown wild

inferred tropical
into dry forest,

C,S America: inferred
tropical rainforest, to
1,200 m; unknown wild

S Asia: tropical dry forest
into savanna, to 750 m

0ld World: tropical rain-
forest to 1,000 m

S,SE Asia: tropical rain-
forest, esp. secondary forest,
to 1,500 m

S Americc: tropical dry
forest into savanna, esp.
floodplains

S,SE Asia: inferred tropical
rainforest, to 600 m; unknown
wild

S, C America: tropical

"rainforest lowlends

SE Asia: tropical rainforest,
esp. disturbed sites, to
1,000 m

S America: tropical rainforest
into subtropics, to 1,000 m

S America: tropical rainforest,
sites subj.ct to flooding

Products

sap for sugar, wine,
starch from trunk; fiber
from leaf sheath; edible
heart '

edible fruit, heart;
trunk for wood

sap for sugar, wine; fiber
from leaf stalk; edible
fruit; leaves for thatch,
weaving; trunk for wood;
many nisc. products

rattan canes; edible
fruit come spp; fruit for
medicinal use

sap tor wine, sugar;
starch from trunk; fiber
from leaf sheath; edible
heart

wax from leaves; leaves
for weaving; trunk for
wood

sap for sugar, wine;
starch from trunk;
leaves for matting, paper

edible and industrial
oil

starch from trunk; edible

fruit; leaves for thatch

edible heart; cellulose

edible heart, fruit



TABLE IT (cont'd)

Scientific and
Common Names

Hyphaene thetaica (L)Mart
doum or dum palm

Metroxylon sagu
Rottb.
Sago palm

Nypa fruticans
Wurmb.
nipa palm

Orbi a speciosa
Sroignya speciosa

Barb. Rodg.
babassu or babacu
palm

Phoenix sylvestris (L.)
Roxb. Wild date palm,
silver date palm

Roystonea 8PP.
royal palm, Cuban royal

palm, cabbage palm

Salacca zalacca (Gaertn.)
Voss
Salak palm

Syagrus coronata (Mart.)
Becc.
ouricuri or licuri palm

Origin and Native
Habitat

Africa: semidesert
to desert, to 600 m

SE Asia: tropical rain-
forest swamps

SE Asia: tropical rain-
forest, banks of brackis
tidal rivers

S America: tropical rain
forest, upland sites

India: tropical rain-
forest to 1,500 m

Carib. C,S America:
tropical rainforest into
drier forest and savanna

SE Asia: tropical rain-
forest, in dense shade, t
300 m

S America: tropical dry
forest to savanna

Products

edible fruit, heart; sap
for wine; fruit for

‘wedicinal use; leaves for

veaving.

starch from trunk; leaves
for thatch

edible fruit; sap for
sugar; leaves for thatch,
weaving

edible and industrial oil;
leaves for thatch

edible fruit; sap for wine,
sugar; leaves for weaving

fruit for livestock; edible
heart; starch from trunk;
leaves for thatch, weaving;
trunk for wood

edible fruit; leaves for

thatch, mats

edible and industrial oil;
wax frpm leaves



TABLE III: SEMI-WILD OR WILD PALMS

Scientific and
Common Names

Acrocomia sclerocarpa

Mart.
macauba, macaja,
coco de catorro

Astrocaryum jauari
Mart.
jauari, awarra

Astrocaryum murumuru
Mart,
murumuru

Astrocaryum vulpgare
Mart. .

tucuma

Attalea funifera
Mart.

piassava or piacava,
Bahia piassava

Borassus aethiopicum
Mart.
African fan palm

Ceroxylon alpinum
Bonpl. ex DC.
South American wax
palm

Copernicia spp.

yarey palms

Crytostachys lakka
Becc,
sealing wax palm

Dacmonorops spp.

rattan

Jessenia spp.
seje, pataua,
milpesos, sacumana

Origin and Native
Habitat

8§ 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
thacch, weaving

wax from trunk; mountain
reforestation

fruit for livestock;
leaves for weaving; trunk
for pillars; compatible
with grazing systems

wood for pillars, flooring;
svamp stabilization

rattan cines; some Spp.
edible fruit; fruit
scales in medicine

edible and industrial oil;

fruit juice as beverage;
leaves for weaving

\CI{'“,



TABLE III (Cont'd)

Scientific and
Cormon Names

Leopoldinia piassaba
Wall. '
Para piassava, piacava

Licuala spp.
—xcuala ¢
Licuala

Livistona spp.
serdang

Phytelephas macrocarpa

Ruiz & Pav.
ivory nut palm, tagua

Pinanga spp.
pinang

Pritchardia spp.
Fi1j1 fan palm

Raphia spp.

raffia palms, African
piassava

Sabal spp.
palmetto

Scheelea spp.
2.0ceed
corozo, coroba

Thrinax spp.
thatch palms

Manicaria saccifera
Gaert.
tewiche palm, guagara

Origin and Native
Habitat

S America: tropical rain-
forest, sites subject to
flooding

SE Asia: tropical rain-
forest undergrowth

SE Asia: tropical rair
forest, coastal and
mountain gites

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 of
Potential Uge

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 hear't; 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 thaich; t_e... ...
wood, fuel

leaves for thatch, weaving;
reforestation

edible fruit; starch from
trunk; leaves for thatch;
spathe for cloth



TABLE III (Cont'd)

Scientific and
Common Names

Mauritia flexuosa L.
Moriche, buriti, muriti,
aguaje

‘Maximiliana martiana
Karst.
inaja

Nannerhops ritchiana
Griff.
Mazari palm

Oenocarpus spp.
acaba

Oncosperma spp.
nibong or nibung

Origin and Native
Habitat '

S America: tropical rain-

~forest, sites subject to

flooding

S America: tropical rain-
forest, dry, sandy, uplac
sites

S Asia: subtropical
mountains to 1,500 m

S America: tropical rain-
forest second growth,
upland sitecs

SE Asia: tropical rain-
forest, mourtain slopes
to 1,500 m

Products or
Potential Usg

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

edible fruit, heart, oil;
leaves for thatch, weaving

edible fruit, heart, young
inflorescence; leaves for
thatch, weaving; leaves,
petioles, trunk for fuel;
erosion control mountain
slopes

edible and industrial oil;
edible fruit; trunk for
wood; potential fiber source

edible heart; trunk for wood
resistant to salt water



TABLE IV:

BGA
BGS
BOG
CGF
FIG
HBG
HOP
IBG
JBB

L5

The following abbreviations are used:

MULTIPURPOSE PALMS IN BOTANIC GARDENS

Botanic Garden of Adelaide, Australia (1958)
Botanic Gardens, Singapore (1939)
Bogor Botanic Garden, Bogor, ‘Indonesi
U.S. Plant Introduction Garden, Coconut Grove, ¥lerida (1956)
Fairchild Tropical Garden, Miami, Florida (1979) = .
Huntington Botanical Garden, San Marino, Californie (1951)
Hope Botanical Garden, Kingston, Jamaica (1954)

 Indiau Botanic Garden, Calcutta, India (197%)

. Jardim Botanico, Rio de.Janero, Brozil (1958)

a (1957)

Notes: § Dates indicate when the censuses were completed

& Data for Bogor is available only at the gemeric level

Group 1

Areca catechu

Cocos nucifera
Elaels guineensis
Phoenix dactylifera

Group I

Arenga pinnata
Bactris gasipaes
Borassus flabellifer
Calamus spp

Caryota ureas
Copernicia prunifera
Corypha umbraculifera

Elaels oleifera
Eugeisscna utllis
Euterpe edulis
Euterpe oleracea
Hyphaene thetaica
Metrcxylon sagu
Nypa fruticans
Orbignya speciosa
Phoenix sylvestris
Roystonea spp.
Salacca zalacca
Syagris coronata

Group 111

Acrocomiz sclerocarpa
Astrocaryum jauari
Astrocalyum mirumuru
Astrocaryum vulgare
Attalea funifera

BGA,

BGA,
BGA,

’
BGS,

BGS,
BGA,
BGS,
BOG,

BOG,
BOG,
BGS,
BOG,

BGS,
BOG,

BOG,

HOP

JBB
JBB
CGF,
BOG,
JBB

BOGH

. CGF,

BOG,

JBB
IBG

CGF,
FTG,
CGF,
BOG,
¥IG,
FTG,

JBB
HOP

CGF, FTG,

P16, IBG
CGF, FTG,
FIG, HBG,

CGF, FIG,
¥IG, IBG,
IBG, JBB
1BG, JBB
FIG, IBG,
JBB

HOP, IBG,

PTG
JBB
FIG, HBG,
CGF, FIG,
IBG, JBB
JBB

HOP,IBG, JBB

HOP, 'IBG, JBB
JBB -

1BG, JBB
JBB

JBB

JBB

IBG, JBB
HOP, 1BG, JBB

[} ")



TABLE IV (Cont'd)

Group III (Cont'd)

Borassus gethiopicum == :BOG
Ceroxylon alpinum - (none) . :
Copernicia spp. CGF, 'FIG, JBB
Cyrtostachys lakka : BGS, BOG, FIG
Daemonorops spp. - BGA, BGS, BOG, CGF, IBG, JBB
Jessenia spp. - : (none)
Leopoldinia piassaba JBB -
Licuala spp. . BGS, BOG, SGF, FTG, HOP, IBG, JBB
Livistona spp. BGA, BGS, BOG, CGF, FIG, HBG, HOP, IBG, JBB
Manicaria saccifera - JBB
Mauritia flexuosa - CGF, FTIG, JBB
Maximiliana martiana BOG, JBB
Nannorphops ritchiana " CGF, PTG
Oenocarpus spp. BOG, JBB
cosperma spp. BGS, BOG, FTG, HOP, JBB
Phytelephas macrocarpa BOG, FTG, JBB
Pinanga spp. BGS, BOG, CGF, FTG, HOP, JBB
Pritchardia spp. BPG, FIG, HOP, IBG, JBB
Raphia spp. BGA, BGS, BOG, CGF, FIG
Sabal spp. BGA, BGS, BOG, CGF, FIG, HBG, HOP, IBG, JBB
Scheelea spp. BGS, BOG, CGF, FIG, IBG, JBB

Thrinax spp. BGS, BOG, CGF, FIG, HOP, IBG, JBD



TABLE V

0l580
01590
oilel2
01611
01613
oil6ilo
0leld
0il6ls
01630
01650
01651
01680
01690
01720
01732
01731
01730
01733
01745
01744
oL742
01241
01740
01743
01890
oLene
01900
02010
02020
02070
0210
o021zl
02t20
02124
o212
02123
0214u
02160
02161
02164
nl62
02270
02350
02353
02351
02354
02352
02391
02390
03250
03251
03340
03360
03374
03372
03371
03375
03373

(Cont'd)

Clinaspernzt bracteale
Clinostiyma ponpensis
Ccocothrunax argentea
Coccothminarz orinita
Coccothrinax dussiana
Cococothrinaz fragrans
Cocooithrinax miraguam
Coccothrinax reacii
Cooos nucifera
Copernicia alba
Copermicia baileyana

-Corypha elara

Cryosophila argentea
Cyphosperma balansae
Lyriostachys com.soclada
Curtvstachys glauca
Cyrvosiachys lakkn
Cyrtostachys lerermmiaia
Daemonorops 2ollcrifera
Daemonorops didymophylla
Daemonorop. formicaria
Laemonorops loherianus
Daemonorops mollis
Daemonorops periacanthg
Deckenta nobilis
Desmomcus prunifera
Desroncus tobagonis
Metyosperma album
Drymophiozus baguinii
Elaeis guineensis
Eugeissona tnsignis
Euterpe eduls

Euterpe glolosa

Euterpe maorospadiz
Euterpe olervcea

Euterpe purpures
Gostrococoe crispa
Geonoma interrupta
Geonoma palustris
Geonoma pinnaiifrons
Geonoma schotitiana
Gronophyl.lum ramsayi
Heterospathe elata
Hetsrogpathe philippinensis
Heterospathe sibuyaneneis
Heterospathe woudfordianc
Belerospathe negrosensis
Howza bellmoreana

Hovea forsterana

Orania appendiculata
Orania palindan
Pelugodoxa minor
Phoznicophorium borsiyianum
Phoenix canariensis -
Phoenixz loureirii
Phoenix lowrunti

Phoenizx recilinata
Phoenix roebelenii

024t:
02520
02580

02581
02610

02650
02660
02661
02714
02715
02711
02713
02710
02716
02827
02820
02847

- 02348

n2855

02850
02844
02845
02842
02852
02840
02849
02853
02846
02841

02843
0285¢
02960
03031
03030

03032
03080
03100
03i21
03180
03L70
03180
03190
03201
0323L
03230
03240
03942
03941

03940

03956
03952
03964
03959
03958
03857

Hyophorbe verschaffeltii
Iriartea exorrhiza .

vubaea chilensis

Jubaea spectabilis
Korthaleia laciniosa

‘Laccospudix australasica

Tatania lodligzsii
Latania versshaffeltit
Llecuala elegans ‘
Licual:: furoata
Lionala grandis
Licuala muellert
Licuala spinosa
Liouala walida
Linospadiz minor
Linospadix monostachys
vivistorna ausiralis
Livistona chinensis
Liviatona chinensis
var. subglobosa
Liviatona decipiens
Livistona drudet
Livistona eastonii
Iivistona humilis
Livistona merriliii
Livietona muelleri
Livistona rigida
Livietona rodinsoniana
Livictona rotundifolia
Livistona rotundifolia
var. lusoneneis
Idvistona earibus
Invistona speciosa
Mauritia vinifera
Miorocoelum ingigne
Mioroaoelum marticmum
(weddel liarum)
Microcoelum weddellianum
Nengella pinangoides
Neodypsia decaryii
Neonicholgonia watsonii
Necveitchia etorekii
Nephrosperma vanhoutteanien
Normandya normandyi
Nypa fruticans
Oenooarpus paiamanus
Oncosperma *ilamentosa
Oncosporma tiyillarium
Opsiandra maya
Roystonea elata
Roystonea oleracea
Roystonea regia
Sabal dblackbuinia
Sabal caustarum
Sabal etonia
Sabal giabra
Sabal maurittiformis
Sabal mexicana
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THE PALM SOCIETY SEED BANK SPECIES DISTRIBUTION LISTING

TABLE V:

00020  Acoelorrhaphe wrightii

00030 Acrocomia aculeata

0003¢ Acrocomia anttoguicngis

00032  Acrocomia intumescens

00038  Acronomia mexisana

0003l  Acrocomia mokayayba

00083  Aiphanes caryotifolia

00081  Aiphanes erosa

00l2l A4llagoptera arenaria

00120 Allagoptera oampestris

001?71  Avchontophoenix alexandrae

00175  Archontophoenix alexandrae
var. (Mt. Lewis)

00170  Archontor weniz alexandrae
var. beatricae

00173  Archotophoenix cumminghamiana

00185 Areca catechu

00186 . Areca guppyana

00182 Areca hutchinsoniana

00181l Areca ipot

00188 Areca langloisiana

00189  Areca minuta

00180  Areca *riandra

00183  Areca vestiura

00184 Arecc whitefordii var. lusonensis

00230  Arecastrum romanzoffianum

00243 Arenga australis

00245 Arenga ecaudata

00240 Arenga engleri

00244  Arenga mindorensis

00241  Arenga pinnatr.

00242  Arenga tremula

00246 Arenga westerhoutii

00260  Arikuryroba schizophylla

00270  Asterogyre martiana

00281  Astrocarium mexicana

00280  Astrocaryum tucuman

00332 Attalea allenit

00333 Attalea geraensis

00331  Attalea humilis

00330 Attalea Lunifera

00363  Bactris yasipaes

00360 Baciris maraja

00610 Balaka longirostris

00611 Balaka seamanii _

00630  Barbosa pseuiococos

00652  Basselinia eriostachys

00650 Basselinia pancheri

01520  Chambeyromia macrocarpa

0640  Chrysalidocarpus lutescens

Gi54%  Chrysalidocarpus madagascariensis

01541  Chrysalidocarpus madagascariensis

var. lucubensis

006390
00720
06722
00771
00774
007790

00780
007895
00785
00790
00784
00783
00786
00783
00787
00731
00781
00782
00793
00788
00786

0L180
023l
0t26o
01280
01281
01283
02282
01284

0L285
01330
01369
0L350
01367
01358
01359
01368
01366
01366
01360
01355
0l351
01362
01358
01500
02403
02402
- 02403
02400

02410

Bismarckia nobilis
Brahea brandegeii
Brahea edulis
Butia capitata
Butia eriospatha
Butia yatay var.

paraguayensis
Calamue australic
Calamus caesius
Calamus dimorplocanthus
Calamus eriocanthus
Cclamus filispadix
Calamus lambirensis
Calamus mierocarpus
Calamus mindorensis
Calamus ornatus
Calanus paspalanthus
Calanus radicalis
Calamug revesianus
Calamus ruvidus
Calam sophonocathus
Calamus usitatus

var. palawanensis
Calypirocalyx epicatus
Calyptrogyne serapiquingee
Carpentaria acuminata
Caryota aequatoralis
Caryota cummingii
Caryota mitie
Caryota ochlandra
Caryota rumphiaiw

var. philippiner.sis
Caryota urens
Ceroxylon guidenenge
Chamaedorea brachyclada
Chamaedorea cataractarum
Chamaedorea concolor
Chamedorea costaricana
Chamedorea ernesti-augusti
Chamedorea erumpens
Chamaedorea geonomaeformis
Chamaedorea giaucijoira
Chamaedorea microspadiz
Chamaecdorea oblongata
Chamasdorea radicalis
Chamagdorea seifrizii
Chamoedorza tepelijote
Chamaerops humlie
Hydriastele beccarianum
Hydriaatele douglasiana
Hydiriastele microspadix
Hydriastele wendlandiana
Hyophorbe lagencaulis



TABLE V  (Cont'd)

03376 Phoenix sylvestris 03850 Sabal minor
03410 Physokentia insolita D3955 ' Sabal palmetto
03477 Pinariga bornesit 03951 Sabal texcma
03466 Pinanga copelandit 04000 Scheelea phalerata
03482 Pina:ja crassipes - 04050 Sohippia concolor
05481 Pinumga densifiveca 04077 Serenoa repens
03478 Pinanga dicksoni< 04070 Sercnoa repens (blue and green
(3474 Pina-ga elmerii .~ form)
03461 Pinanga geonomaeformis 04072 Serenoa repens (silver form)
03460 Pincnga itnsigris 04100 Socratea durissim
03472 Pinanga teabelensis 04135 Syagrus comosa
03479 Pinanga kuhlii 04133 Syagrus coronata
03¢3% Pinanga limosa. 04136 Syagrus flexuosa
03462 Pinanga maculata 04139 Syagrus macrocarpa
03485 Pinanga malaiana 04138 Syagrus oleracea
03473 Piranga merrillit 04130 Syagrus picrophylla
03480 Pinciga modesta - 04137 Syagrus pseudococos
03476 Pinanga philippirensis 0413l Syagrvs romanzoffianum
03483 Pinanga polyr->rpha 04134 Syagrus sancona
034?75 Pinenga salieifolia 04132 Syagrus schizophylla
03600 Placcocomiopsis mira 04170 Synechanthus warscewiozianus
03620 Pclyandrococos caudescens
03640 Prestoea longipetiolata 04192 Thrinax microcarpa
03683 Pritchardia affinis 04193 Thrinax morrisii
3885 Iritachardia becarriana 04190 Thrinaxr parviflora
03681 Pritchardin beccariana 04191 Thrinax radiata
var. g.ffardiana 00203 Trachycarpus caespitosis
03682 Fritchardia nillebrendii 04200 Tyachycarpus fortunet
03680 Pritchardia pacifica 04201 Trachyoarpus maritianus
03686 Pritchardia samoerse 04202 Trachycarpus wagneriam:s
03684 Pritchardia thurstonii 04210 Trithrinax geanthacoma
03730 Pseudophoenix sargentii 042il Trithrinax brasiliensis
05000 Ptychoraphis intermedia 04220 Veillonta aiha
03750 Ptychosperma elegans 04233 Veitchia joarr:is
03751 Ptychospermz micarthurii 04230 Veitchia merprilli
03753 Ptychosperma microoarpum 04231 Veitchia sessilifoliu
03754 Ptychosperma nicolai 04232 Veitchia winin
03840 Reinhardtia gracilie 04250 Vers-haffeltia splendida
var. rostrata 04281 Washingtonia filifera
03841 Reinhartia simplex (4280 Washingtonia robusta
03842 Reinhartiu simplex 04311 Wettinia fascicularis
04312 Wettinia hirsuta
03850 Rhaptdophyllum hystrix 04313 Wettinia quinaria

03891 Rhopalosiylis baueri
03890 Rhopalostylis sapida
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APPENDIX I: FORMAT FOR BOTANICAL COLLECTION OF PALMS

The best oversall strategy for collecting palms is to attempt to capture
a "picture" of the specimen which is as complete and biologically
accurate as possible. Palms are often bulky organisms and for

practical purposes only portions of diagnostic materials such as

leaves and reproductive struciures should be collected. Lack ‘of material
‘musy be compensated by considerable quantitative and qualitative data
(including photographs) obtained in the field. In general, as

dimeusions of the palm increase, greater amounts of field data are
required.

Prior to ccllecting, 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 stem provides uscful information on morphological
characters, such as the presence and arrangement of prominent internodes,
spines, adventitious roots and persistent gheaths. In the case of
heavily asrmed stems (e.g., Astrocar ), 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 rachisg; to re~-
duce bulk, the pinnae can be removed from onc gide 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 indumentum and spines (if present), 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. Photbgraphs of the entire leaf, with a person or rule for
scule, 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 precedures. 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 supra-
folier), qualitative data (e.g., color and texture of rachillae), and
quantitative data fe.g., length of peduncle and rachis, length and number
of secondary axes, etc.). In the case of bulky inflorescences, only

A



APPENDIX 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 phciographed and, if large, cut down to
size for pressing or direct drying. As is the case with other organs,
the color of influrescence 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 IT: 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 2 phytosanitary certificate is haudled by APHIS,

Shipment and record keeping is handled by ARS.

Te 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 requirad 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 00l, 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 ghipment (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. Iﬁport 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 5haron Kenworthy
Plant Introduction Offic
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- APPENDIX III: IMPORTING PLANT MATERIAL INTO THE U.S. FROM A FOREIGN .,
COUNTRY

All plant material entering the United States must be inspected by the
Animal 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 Rerources 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 cam be, the
higher the success rate in obtaining the desired material.

When the source is kaown, requests may be made direct. It is very
important, however, that the supplier be given very specifc shipping
instructions., The following address only should appear on the outsgide
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 name 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 smail experimental
quantities. Prior arrangements must be made for large shipments.
International mail or dipiomatic pouch are recomr:nded. There may be
a considerable delay in receiving air freight shipments. 1In 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.



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 crope 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 arrangements 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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Tree Seed Supply — A Critical Factor for the
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Summary

The paper emphasises the need for agroforestry project planners to consider sced supply during
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 ade;juaie time for seed
procurement can place the success of a planting program at considerable risk. The aser car
aﬂ‘wdwpcynhishprioeforgoodqualityseedm(beoostisvcrylowinrehtion to overal|
project costs and economic and social consequences of using poor sced can be major and
fongtexrm. It is mecommended thar dependence on external seed supplies be reduced m
climinated at theé earliest possibic opportunicy by the establishment of local seed production
areas.

Intreduction

In the past 25 years there has bezn an acceleraticn of tree planting in tropical and subtropical
fegions 10 meet & variety of objectives but principally to provids raw material for products such
as paper and wood-baseC boards. Eucalypts and pines glanted as exotics have dominated these
plantziions. Inisially use was made of a limited range of exotic species drawn from introduction
trials which ‘were frequently of an ad hoc nature. Generalisations from inadequate basic data
resulted in the use of species on sites to which they were not fuily adapted and where they
often fziled or grew poorly (FAO 1980). This prompted the establishment of valid introduction
trials on representative sites, comprekensive provenance trials and the selection of optimum sced
sources. FAO produced a ‘global action programme’ to make seed available and this was
implemented through national institutions such as Australia’s CSIRO Division of Forest Research
(eucalypts) and the Upited Kingdom's Commonweaith Forestry Institute (tropical pines)
(Palmberg 1980q). 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 species. '

Industrial wood plantaticns of the 1960s and early 1970s assumed great importance and
overshadowed the role trees can play in asscciation with agriculture. In this paper agroforestry
implies that trees are combined in space and/or in time with either farm crops, or domestic
anims's 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 elscwhere 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 ‘four-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



standards. In the 1970's 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 i1 the next decade will be afforestation 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 upland
watersheds.

It is recognised that the 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 Prosop:s
chilensis/juliflora in scveral ‘countries, Leucaena leucocephala in the Philippines, Calliandra
calothyrsus in Indonesia and Casuarina equisetifolia in India and China, but with few exceptions
lack of provenance investigations mean that seed for additional plantations can be specified only
at the speuies level. Few multi-purpose tree species suitable for agroforestry have been explored
sufficic ntly well to enable the efficient use of their gene resources. Early action to correct this
has been 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 commiument 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 1982).
Many factors determine the choice of species to plant but when the choice is made there remains
the cntical 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 giobal 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 sizc and unknown genetic composition’
(Palmberg 1980). Aid programs financed by developed countries frequently ignore considerations
of sced chu:.» 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 |mprovcd varieties in agnculture and the maay tree
improvement programs in progress.

This paper draws heavily on Australian experiece and is written with the intention of
increasing the awareness amongst planners and managers that currently a bottleneck exists
beiween the stages of species’ choice and planting. The bottleneck is the timely procurement of
good quality tree seed with inherent characteristics to meet the stated objectives of agroforesiry

projects.

IAN



Importance of sced 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 of trees from which the sced was
taken, and the degree of selectior 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 £. camaldulensis in Nigeria where after 5 years the best
provenance in a trial had a mean annual increment of 17.3 m® ha™' and the poorest 5.1 m’
ha™! (FAO 1979). Similar data exist elsewhere, for example in the Congo and Brazil where the
yield of eucalypts has been increased by up to 80% by selection of the best seed sources
(Chaperon 1978, Brune and Zobel 1981).

In addition to improved yields due to selection of the optimum provenarce, growth per
gencration of 10% for most tree species and 15-25% for some other species can be expected
from tree breeding programs (Carlisle 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 yiclds 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
genctic quality. Buying from a supplier with a good reputation rather than the one who offers
the lowest quotation is 2 sound policy.

It has long been understood that different tree species have different site requirements,
growth rates and cconomic 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 sced of a species as a fixed, invariable commodity. Professional foresters
have no excuse for ignoring the comprehensive literature on the subject.

Evidence 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.



Physical and physiological quality: A nurseryman has to know how much seed of a
particular secdlot must be sown to produce 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 onl:' one controlled directly by the nurseryman is the level of seedling recovery.
This varies between species and between nurseries but is commonly about 709 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 lcads to sowing without carefully calculated
sowing rates, a practice regarded as ‘archaic and wasteful' by Tinus and McDonald (1979).
Information on the percentage of sced 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 CO0 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 er al. 1980). This level of within-species variation is common for other species and
genera (Schiopmeyer 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 secds 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
the 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 for 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 seedlot 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 10
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
tereticornis are 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 antificially high or low prices. The cheapest
seed is usually collected from plantations during logging operations in regions where labour
costs are low. The large quantity of E. grandis seed exported from Africa is collected in this
way .ad is much cheaper than E. grandis seed collected 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 secd 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. caribaea and P. oocarpa
exceeds the supply and there has been a consequent price increase (Zerbe er al. 1980). There
are similar examples of demand exceeding supply for several Australian tree species including
E. dunnii (a fast growing species with an extremely restricted area of natural occurrence) and
E. camaldulensis of 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 nade).
Acacia mangium has recemly been identified as a promising species for planting on poor sites
dominated by Imperata giass in the humid tropics but seed is not yet available in large quantities
due to the remoteness of the natural stands and the current difficulties of seed collection and
extraction. The price of A. mangium seed from natural forests increased from $100 to $330 per
kg between 1979 and 1983 when demend exceeded supply. Some arid zone acacias present
difficulties due to irregular seed crops and in some specics there is extensive destruction of the
seed by insects. Similar supply problems are likely to occur at least initially for other multi-
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 svpply.

* All currency figures in this paper are in American dollars. v



The cost of seed of multi-purpose trees which have already been widely planted, such as
many cucalypt species, Casuarina equisetifolia and some Acacia species, will remain fairly stable
as there are abundant supplics. However, Jess widely planted species and newly identified species
of value in agroforestry projects will have relatively high prices. Researchers testing new species
of multi-purpose tree species must be prepared to pay high prices for small quantities of seed
collected 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 $50-110
(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 Secd 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 $300-500

Government forest services outside Australia
Seed collected from felled trees in exotic plantations. Origin in Australia
usually not Xnown. Price given is for routine collections in Tanzania $20

Internationsal 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 in
both developed and developing countries that tree seed should be purchased from the cheapest
source. Considerations of seed quality clearly show that this can be false economy. The problem
may 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 it
may 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. For
Eucalyprus and Pinus species the cost is usually less than 19 of direct plantation costs and
even less when related to the overall costs of a project. One kg of E. camaldulensis seed, of
average viability and nursery recovery, yields sufficient seedlings to plant 65ha (2 X 2 m
spacing) 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 per
kg is used. Most eucalypt plantations cost $300-600 per ha to establish and maintain to year
3, excluding the cost of land (FAO 1979) so that the seed cost will rarely exceed 1.5% of the
direct establishment costs. Greathouse (1982) has provided costings for a US AID. project in
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Panama using seed of Pinus caribaea and 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 wezding, the rotation may be shortened
and the yield increased. In agroforestry projects increased yields per unit area can result in
more land being used (o 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 1 100 000 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 (19815); China
will plant 1-2 million ha annually to meet established targets for industrial and domestic wood
(Tumbull 1982) and continuation of the annual plantation rate of over 400 000 ha in Brazil
(Simoes 1980) seems likely. '

For industrial plantations, Pinus caribaea planting is expected to be 90 000 ha by the mid-
1980's (Palmberg 1980) and require 11 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 seced or could be imported from countries that have a
surplus of seed from plantations, for cxample Pinus caribaea (Fiji) and Eucalpptus grandis (South
Africa, Zimbabwe). Large quantities of seed will be required for pon-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 tres species or species
with particular attributes which make them attractive for agroforestry. The amount of seed
required for this resecarch 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 1930).



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 many trees with characteristics which indicate they could make excellent
multi-purpose trees when grown in association with sgriculture. The acacias and casuarinas are
nitrogsn-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,
Casuarina and 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 szed collection activity in Australia. It is necessary for agencies
which promote the planting of multi-purpose iree species through publications 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 frustrating 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 scurses.

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 ths 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 cf 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 10 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 foilowing collecting sezson; 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 aitacked by
insects or eaten by birds before collection or may be dispersed from the tree as soon as they
reacli 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 specics in different parts of its extensive natural range. Collections of 4. 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
1o 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 sced year and arrange to store it under suitable ronditions 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 supply 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 sced 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 conpanies mainiy stock seed of better-known species with z 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 dc not pay adequate attention to
identification, intraspecific variation and documentation of collection site details which are so
impartant 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 seed are therefore
usually directed towards government forest services or national tree seed centres which serve
as a focal point for activities related 1o forest genetic resources.

Government forest services have frequently difficulty Justifying allocation of their limited
resources to provide a sced service for foreign governments and companies but the establishment
of tree secd centres has assisted greaily 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-purposc 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 acturate specification for the seed required and confirming that the
dealer is in a position to meet the specification before the purchase agrezment is concluded.
Specifications will vary according to needs but should cover aspects such as whether the seed
is to come from natural stands cr 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 ncminate 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 10 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 dealers. Dealers who have maintained good quality stocks of seed at marginally higher
prices than their comp=titors 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. T

A world-wide listing of tree seed suppliers is not available but private companies which
deal primarily in tree and shrub seeds exist in a number of countries. A selection of these is
listed in Appendix 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’ (USDA 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 of this quality is best sought from specialised
agencies such as designated tree seed centres, universities, research institutes ar. 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 to be kept
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 laiest 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 fres of charge;

¢) provide import permits and the exact address to which the seeds are to be consigned;
f) acknowledge promptly any seed and/or assistance reccived;

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 trez seed centres have agrcements with donor aid agencies to cover the cost of
providing seeds in limited quantities to developing countries for bona fide projects. The CSIRO
Tree Seed Centre can send Australian trec 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 cenires to make 2 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 unsatistactory, especially when the seed is to be
used in research projects. Seeds collected by seed centres or research institutes cannot always
satisfy the specificatinns for a particular project or series of projects. Under these circumstances
a special expedition to collect the seeds may be justified.

Secd collections arc 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 estimated to have cost over
$1000 for every kg of seed collected. The costs should be weighed against the many potentia!
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 ¢f 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 CSIKO Tree Seed Centre to assist these collections (Tumbull 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 Cenire Technique Forestier Tropical (France) in 1973 to collect tree
and shrub seeds from tropical Australia for use in research 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 government began in 1982 and
there are prospects for a Brazilian seed collection mission in 1983. Private companies have also
tecognised the value of collecting their own seeds and in 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 Tecrona
grandis and Gmelina arborea in Asia, and collections of Finus radiata and P. muricata by
Australia with international support are examples of cooperative sced collections which have
been highly beneficial to researchers. Very few developing countries have the resources to
undertake seed collection outside their awn 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 genetic
improvement 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 seed
supplies of the principal specics 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 Brazil
where Champion Papel ¢ Celulosa S.A. planted Eucalyprus grandis (Coffs Harbour provenance)
in 1969. This company's 100 ha of seed stands yield annually over 1000 kg of seed. The sceds
are much sovght after as they are demonstrably superior to alternative commercial seed sources
in Brazil! (Boland er al. 1980). International action by FAO and UNEP has resulted in
establishment of ‘conservation/selec ion® stands of important individual provenances of E,
camaldulensis and E tereticornis each 10 ha in area {Palmberg 198156). These stands will form
valuable seed preduction 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 production
areas or pilot plantations (up to 500 ha) is sometimes problematical. Recognising this some seed
centres now aim to make available larger quantitics 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 feasibility studies
and if seed is required from other than local sources seed procurement should be initiated at
least 1-2 years in advance of the nursery phase. Failure to allow adequate time for seed
procurement can place the success of & planting program at considerable risk. The purchaser
should seek seed of the best possible genetic qualitv and insist on adequate information on
germination 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 the cost of seed in relation to overall
project costs is very low &rd the conscquences of using poor seed can be major and long term.

International donor agencies and governments must recognise that seed supply is crucial
to the success of the tree planting projects they support. Contributions to further the activities
of tree seed centres and sponsorship of special seed coilection expeditions are legitimate and
productive uses of their funds.

Dependence by users on external seed supplies ought to be reduced or eliminated at the
earliest possible opportunity by the establishment of local szed 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 1

Addresses of Supplie:s of $red for Agroforestry Projects

The following organisations will sell or exchan
projects in the tropics. Genera handled by each org

ge seeds ol species used commonly in agroforestry
anisation sre listed after the address. It is fecognised

that this list does not include all potential suppliers or all the genera each crganisation can supply.

(8) Government-based suppliers
ASIA AND AUSTRALIA

Tree Seed Centre

CSIRO Division of Forest Research

P O Box 4008

CANBERRA 2600, AUSTRALIA
[Acacia, Casuarina, Eucalyptus, ifelaleuca)

The Arborctum

Chinese Academy of Forestry

Wan Shou Shan '

BEIJING, 100091

PEOP! ES REPUBLIC OF CHINA

[Acacia, Gmelina, Paulownia, Pinus, Populus,
Ulmus)

Forest Research Institute

P O New Forest

DEHRA DUN, U.P.

INDIA

[Acacia, Albicia, Alnus, Cassia, Dalbergia,

Gmelina, Pinus, Prosopis, Sesbania, Trema)

Perum Perhutani

Forest State Corporation
Jalen Jendral Getut Subrota
P O Boz 11t

JAKARTA

INDONESIA

[Calliandra, Leucaena) - -

National Seed Coordinating Centre
c¢/- Forest Research Institute

1 Matsunosato

Kukizaki-mura

Inashiki-gun, Ibaragi-ken

JAPAN

[Alnus, Paulownia, Pinus, Prunus)

Forest Research Institute
KEPONG, Selangor

MALAYSIA

[Anthocephalus, Cassia, Casuarina)

Forest Research Institute
PESHAWAR, N.W.F.p.
PAKISTAN

{Acacia, Pinus, Prosopis, Sesbania)

‘Office of Forests

P O Box 5055

BOROKO .

PAPUA NEW GUINEA

(Acacia, Araucaria, Casuarina, Eucalypius)

Forest Research Institute

College, LAGUNA 372

PHILIPPINES ' .

[Casuarina, Derris, Gliricidia, Pinus, Syzygium,
Trema)

Roval Forest Department
Bangkhen

BANGKOK 9
THAILAND

{Gmelina, Pinus, Teciona)

AFRICA

Forest Department

P O Box 74

KIKUYU

KENYA

[Acacia, Albizia, Bauhinia, Erythrina, Eucalypius,
Grevillea, Pinus)

Forest Research Institute of Malawi

P O Box 270

ZOMBA

MALAW!

[Colophospermur, Gmelina, Maesopsis, Pinus]

Federal Department of Forest Research

P.M.B. 5054

IBADAN

NIGERIA

[Acacia, Acrocarpus, Azadirachia,
Maesopsis, Terminalia)

Gmelina,



Forestry Resecarch Institute
P O Box 727

PRETORIA 0001

SOUTH AFRICA

[Acacia, Eucalyptus)

Service des Eaux, Forets et Chasses
Parc Forestier de Hann

B.P. 1831

DAKAR

SENEGAL

Arid Zone Forestry Research
Forestry Research Institute
P O Box 658

KHARTOUM

SUDAN

[Acacia, Prosopis)

Forest Division

Silviculture Research Institute

P O Box 95

LUSHOTO

TANZANIA

[Acacia, Cassia, Cupressus, Eucalyptus, Grevillea,
Pinus, Terminalia)

National Forest Research Institute
Route de ]2 Souka

BP.2

ARIANA

TUNISIA

[Acacia, Pinus, Populus)

Forest Reszarch Centre
P O Box HG 595
Highlands

HARARE
ZIMBABWE
[Eucalyptus, Pinus]

EUROPE

Danida Forest Seced Centre

Krogerupvej 3JA

DK 3050 HUMLEBAEK

DENMARK

{Indian and S.E. Asian species, Gmelina, Pinus,
Tectona, Central American conifers)

Centre Technique Forestier Tropical
45 bis Avenue de la Belle Gabrielle
F-94130

NOGENT-SUR-MARNE
FRANCE

" [African and Australasian species]

17

The Seed Unit

FAO Plant Production and Protection Division
Via delle Terme di Caracalla

00100 ROME

ITALY

[Prosopis tamarugp)

Instituto Sperimentale par ia Selvicultura
1-52100 AREZZO

ITALY

[Mediterranean conifers, Abies, Pinus, Cupressus)

Commonwealih Forestry Institute

South Parks Road

OXFORD OX1-3RB

UNITED KINGDOM .

[Mainly Central American species, Acacig,
Albizia, Enterolobium, Gliricidla, Leucaena,
Mimosa, Pithecellobium, Parkinsonia, Pinus,
Prosopis]

SOUTH AND CENTRAL AMERICA

Forest Seeds Centre

National Forestry Corporation
Constitucion 291, Casilla §

CHILLAN

CHILE

{Acacia, Caesalpinis, Geoffroea, Prosopis)

Banco Nacional de Semillas

Institute for the Development of Renewable
Resources

Avenida Caracas Nr. 25A66

BOGOTA

COLOMBIA

{Alnus)

Centro Internacional de Agricuitura Tropical

- Apartado Aereo 6713

CALI
COLOMBIA
[Leucaena)

Latin American Forest Seed Bank

Centro Agronomica Tropical de Investigacion y
Ensenanza (CATIE)

TURRIALBA

COSTA RICA

[Ainus, Cassiu, Eucalypius, Gliricidia, Grevillea,
Guazuma, Terminalia snd other central
American native species)
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Banco de Semillas .
Centro de Investigaciones Forestales
Calle 174 No. 1723/17B, 17C
Siboney, Marianao

HABANA

CUBA

[Pinus]

Banco de Semillas Forestales
Instituto Nacional Foresta] '
7a Avda. 7-00, Zona 13
GUATEMALA CITY
GUATEMALA

Banco de Semillas Forestales

Escuela Nacional de Ciencias Forestales
Aptdo. 2

SIGUATEPEQUE, Comayagua
HONDURAS -

Centro de Germoplasma Forestal
Instituto de !nvcstigacion_cs Forestal
Av. Progreso, § L B
COYOACAN 21, D.F.

MEXICO

[Ainus, Parkinsonia, Finus, Prosopis)

Instituto Nacional Recursos Bioticos
XALOPA, Vera Cruz

MEXICO

[Acacia, Erythrina, Inga, Leucaena)

Bunco ‘Nacional de Semiilas Forestales

Servicio Forestal y de Caza

Natalio Sanchez 220-Jesus Mana

LIMA

PERU

[Acacia,  Caesalpinia, Jacaranda,  Prosopis,
Tipuana)

Instituto Forestal Latino-Americano
Apzriado 36

MERIDA

VENEZUELA

[Alnus, Pithecellobium)

NORTH AMERICA

U.S. Forest Tree Seed Center

P O Box 819

MACON, Georgia 31298

USA. " e

[Alnus, Fraxinus, Juglans, Paulownia, Pinus,
Prunus, Robinia)

Caesar Kelberg Wildlife Res. Institute (P. Felker)
Texas Agricultural and Industrial University
KINGSVILLE, Tx. 78363

US.A.

[Leucaena, Prosopis)

College of Forestry (J. Hanover)
Michigan State University
EAST LANSING, Mich. 48324
US.A.

{Alnus, Gleditsia, Robinia)

Southern Regional Plant Introduction Station
EXPERIMENT, Georgia 30212
US.A.

[Leucaena]

Hawaii Foundation Seed Facility
University of Hawaii

3190 Maile Way

HONOLULU, Hawaii 96822
US.A.

|Leucaena)

(b) Private suppliers

The majority of private suppliers carry a wide
range of stocks and can supply cstalogues on
request,

Australian Tropical Plant Supplies
Pinnacle Roag

JULATTEN, QId 4880
AUSTRALIA

Western Wildlife Supply

P O Box 90
GILGANDRA, NSW 2827
AUSTRALIA

A.J. Frost
Skovfréi_!_xandel
7080 BORKOP
DENMARK

Etablissements Yersepuy
F. 43 000 LE PUY, Haute Loire
FRANCE

M/S Balkishen and Co.
106 Rajinder Nagar
DEHRA DUN, U.P.
INDIA



Florsilva Ansaloni
Casella Postale 2100
40100 BOLOGNA
ITALY

Sabah Softwoods Sdh Bhd.
P O Box '37

TAWALU, Sabah
MALAYSIA

Setropa Ltd.

P O Box 203
BUSSUM
NETHERLANDS

Timmers and Leyer

P O Box 17

2100 AA HEEMSTEDE
NETHERLANDS

Herbst Brothers Seedsmen
{000 N Main Street
BREWSTER, N.Y. 10509
US.A.

Hurov Tropical Seeds

1470 Alencastre Street
HONOLULU, Hawaii 96816
US.A.

international Forest Seed Company
P O Box 76008

BIRMINGHAM, Ala. 35223
US.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 digstances as
in the case of wheat stem rust spores which are known to travel ¢very year
in high-altitude air currents from Spain to the United Kingdom, and from
Mexico and southern U.S.A. to Canada. Eowever, 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, a2ll 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, wore
general plant health legislation.

PLANT HEALTH MEASURES IN PRINCIPLE AND IN PRACTICE

Plant health legislation, whether nn & local, national, or an international
level, ie 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.

Foreet 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 and 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 Comsideration.

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.

A



Historically, national attitudes to plant quarantine and plant health
legislation have ranged from a completely open-door policy to very
restrictive 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 plunt materials. During this latter
period various international and regional organizations have been
egtablished 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 guarantine stations, or
following inspection and treatment with pesticides (Ivory, 1580).
Regulations for the latter materials may entail any of the following
(Kahn, 1977):

(a) Specific prohibition;

(b) Specific prohibition with exceptions for scientific purposes;
(¢) 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;

(1) 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 qua.antine 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). 1In 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 purposes
can usually be imported for most countries make exceptions in their
legislation wien adequate 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 suthority will assess the potential risks and benefits involved
with each importation for scientific purposes and will then impose what-
ever conditions and restrictions that :t 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) and are thus more likely to be permitted.

Tissue cuitures are very suitable in this regard because of their

small size and in-built pest-detection systems (Kahn, 1979). However,
all cultures ere not pathogen-free (Rahn, 1979), so most countries still
regulate such germ plasm imports (Kaha, 1977), and even, in a few cases,
impose a total prohibition as with the coconut (Kahn, 1978). A major
disadvantage of tissue culture is that the technique requires suitable
sterile culture facilities at both ends of the transfer.

THE INTERNATIONAL PLANT PROTECTION 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 has
now 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, 1979).

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 phyto-
sanitary 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 formulate plant 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. Esgentially gimilar 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 pest.
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REGIONAL PLANT PROTECTION ORGANIZATIONS

Most countries of the world belong to one or more regionsl plant
Protection organizations, which operate mainly within the guidelines
established by the IPPC. Eight such regional organizations mow exist
covering the areas shown in Figure 1 (Smith, 1979). Some are
independent inter-governmental organizations, such as the Européan 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 count.ies 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 Commit tee for the Control of Colorado
Beetle and the European Working Party on Infestation Control about sgix
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 goveruments 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 gecretariat in Paris, but operates mainly through
technical working parties of experienced specialists, or open conferences
and colloquia on topics of current interest (Mathys, 1977). Conference
recommendations may be passed to the Council for approval after evaluatio
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 wost
import, and is the one most concerned with the health of all crop
plants. Phytosanitary regulations in forestry 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 ocganisms. The general principles
behind these lists are as follows:

(a) Regulations should relate as far as possible to gpecified
pest organisms.

(b) Regulations should have a firm scientific basis.

(¢) 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 nnder glass in the EPPO region, and be liable
" to cause major dsmage 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 te 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 orgenisms on these lists
are presently being publisned by EPPO,

The Al category contains uany exotic forest pests, such ag Ceratocystis
fagacearum (Oak wilt fungus) and Hylurgopinus rufipes (N. American elm
Eeetles, and larger groupings, such as fhe 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 organiems 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 FAQ
anc are supported financially by the UNDP. These are the Plant Protection
Committee for the-South Eaat Asia and Pacific Region (SEAPPC)

(Reddy, 1977), the Near East Plant Pzotection 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 Inter-
nacional 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 Aierica (Rohwer, 1979). Financial support for these
organizations comes either from member countries or from interputional
agencies (Berg, 1977).

All the above regional organizations have similar aims and objectives to

EPPO; however, they function in different ways reflecting their different
problems, circumstances and structures. '
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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 peets 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 additionm, loczl measures may also

be introduced to prevent the spread of a pest from one part of a country
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 plaunt materials,
and includes all recognized forest tree species, and related species, such
as the followiny 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 labiile

systemic pests.

Similarly the member countries of the Furopean Comrunity 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 auother,
irrespective of the intended purpcse of each importation. Conifers and
broadleaved trees are all restricted in general terms, but some

specified genera includinyg the following forest-tree genera are restricted
in greater detail: Abies, Castanea, Larix, Picea, Pinus, Pseudotsugi,
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

organizations, which set minimum standards and guidelines for the regulations.

Scientists, or commercial interests, involved in the international
exchange of plant germplasm should be fully aware of the plant health
regulations of the importing country which relate to the type and origin
of the plant material involved. Except in the rare cases in which
export restrictions apply, the ztove regulations are the only factors
which determine the permissibility of any importation. Details of the
regulations can be obtainec from the quarantine service of the importing
covntry, or from the quarantine service of the exporting country vhich
will often be required to issue a phytosanitary certificate for each
transfer.
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INTRODUCTION

During the past three years sgroforestry has been elevated, in Kenya,
from a relatively unknown concept shared by 4 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 in 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 institutions and
non~governme.t organizations (3). Third, Nairobi's hosting of the
U.N. Conference on lew 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. First,
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) (s),
Agriculture (MOA) (6), Energy (MOE) (7) and Livestock Develoupment
(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).



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 reie in guiding the concept
into action. It does, nowever, "ancourage" local initiatives in
this regard, providing what limited cechnical and material .assistance
. 1t can, and liases with other agroforestry implementing ministries

as it make plans for stepping more firmly into a position of active
leadership. - : o

.. Non-government organizations have probably pleyed the most significant
- role thus far in promoting tree-planting through actual on—~the~ground
activity. Responding usually to grass-roots pressure to engage .

Cin "relevant"vdeveIOpment.activity, NGOs 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
.. Wovement and to date NGOs have made the most obvious advances

" in tapping it. Further, it is clear by examining agrofcrestry
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 expanding 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 emergy, environment and development 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. NGOs actively
involved in seed procurement are then isolated and a brief review
of the strategies employed is presented. From the foreguing some
problems are highlighted and general conclusions drawn. These are
followed by recommendations as to how the NGO comm:nity 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
pPlanting programs. Of the 46 confirmed tree-planting NGOs listed
at least 20 are also engaged in raising seedlings in nurseries (14).
It ig these 20, then, and others like them, who constitute the
principle subject of concern. Although the above figures attest to



~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 offices of a national crganization, 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 Nairobl, do not provide realistic indications of
on-going tree-planting activity in Kenya. This phenomena has been
confirmed in many instances by reseavchers 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. 1In addition, certain research organizations are involved, as
well as a number of community service and commercial organizations.

Chur ches

Upon appearance, church groups are responsible for the most ambitious
communitv-level tree planting and related projects undertaken in
Kenya to date. Geographically, the extent of their activities include
each of Kenya's eight provinces.

The Catholic church sponeors 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 dces 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 countiy and
most of them are members of an umbrellas 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 Neirobi headquarters, has taien 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.



Other churches or church-sponsored organizations which fesvure 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 tree-
Planting as part of a larger objective. Accordingly, churches are likely
to posess th2 type of long term committment to a community which
benefits successful tree establiphment.

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 houschold 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).

NCWK's member groups have participated since 1977 in the greenbelt
programme and, mcre 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' committment to raise trees for their own
intrinsic value.

Within the past year Kenya's other national coordinating tody for
wowen's groups, kzendeleo ya Wanawake, initiated a different type of
program to ass.zt local groups with tree planting, Its emphasis is
on material and. technical inputs for nursery development and there is
no provision for buying back the seedlings, once produced. They
return instead to the women 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 pregram shall be.

It is uncormon to find a rural women's group involved in raising trees
whe is not affiliatzd with either a church or one of the two

vmbrelle organizzricns idantified above, responsible for sponsoring
the project. 1In the case of church - affiliated women's groups

the fruit of the womer's labour is generally owed to the church.

Thus, in considering the role ¢’ 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 opportunity cost of the labour input is worth the return
vis-a-vis its competing demands.



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 involvsd 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 vesource, 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 Bdobab Farms Ltd. These, too, have relatively specific
purposes, subject to discussion in the following section.

Additional Kenyz-based NGOs likely to become imvolved in sponsoring

or hosting tree planting programs include agricultural product
cocperative societies and farmers' unious. Community 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 Presic-nt
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



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 wcrking at the community level, for example, are in contact with
local chiefs. Regional branches relate to District officials about
their program activities through District Developuent Commit tees (DDC)
'or a Ministry with whom the NGO may be affiliated. NGOs are registered
at the National level, gome being associated with a particular miniscry
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 or. 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 jts constituent
organizations. In general its purpose ncw is to act as an information
exchange and to develop and promote reneswable 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). An

and activities. Thus, KENGO plays a valuable role in attempting to
Create new cross-cutting linkages among ministerial bodies and NGOg
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
"movement" 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,

A
“(77 v



More specifically, neither the Porestry Division of the Kenya Agricultural
Research Institute (KARI) in charge of seed procurement and processing, nor.
the Forest Department who assists KARI 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 & 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,
KARI also finds it to be of unreliable and often marginal quality,
particularly with respect to viability (21).

During the past year a Garman Agency for Technical Cooperation (GTZ)
mission visited Kenya to assess thke need for donor assistance with its
tree seed problem. FExternal 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
relete to the key agency? Related to this is the fundamental issue

of seed quallty control. The concern is that efforts by the

institution concerned with and assigned to safeguard certzin standards
rvegarding 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 orgenizations, 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-c11mat1c variation in an expedient manner? What level of
technolog1ca1 input is appropriate? How seriously should prospects for
expansion into commercialization for seed exportation be congidered 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 orderlng seed through
‘Department Headquarters who either supplies it directly or forwards the
request to KARI. KARI then supplies the seed if available, or places
the order on a list of requests for collection.

7/”7/ a0
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As a second option NGOs may approach tihe Forest Department at
District level through the District Forest Officers (DFOs). Depending
upon the disposition of the particular officer and whether or nor he
has personnel 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-governmert, who may be willing to sell, trade or give it

away, usually in minor quantities. Fourthly, an NGO might import aeed

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 as

well 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 essehtially the range
of strategies used by NGOs to obtain seed,

NCCK, Nairobi

NCCK as an umbrella organization for protestant churches operating in
Kenya, began pfomoting 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
veak year of operation, 1979-1980, came from three relatively large
and well=-established non-goverrment organization programs. Some was
obtained also through KARI and through smaller scale church-sponsored
projects. The latter of these in turn obtained its seed by church-
sponsored collections from locally growing trees.

NCCK's program has fallen into a Gtate 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 the program
may or may not 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 ic.



Kositei Catholic Mission's - East Pokot Agriculfural Project - Nginyang

(Mr. Edmund Barrow) via Nakuru

Among NGOs involved in tree-planting the Kositei Mission at East Pokot
(Baringo) has established prcbably the most notoriously creative and
successful pro;ect of its kind. For the past seven years Mr. Barrow
has engaged in grass-rvots 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; KARI; Baobab Farms Ltd., (described below); au F.A.0. forage
project in Kitale associated with M1n1stry of Livestock Development;
an F.A.0. dryland research project in Machakos associated with the
Ministry of Agriculture; aud the Ben Gurion University of the Negev in
Israel. The latter source has provided secd of several exotic dry
area spec1es which have reached seed bearing stage at Kositei. This
seed in turn has been made available to numerous other organizations
through NCCK's distributinn prcgram (24).

Mr. Barrow now harvests seed from stands established under his supervision,
and also spousors 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 mckes 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, wc 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 elght species well-suited

for agroforestry. (25). Stands of each species, including both exotic

and indigenous varieties, have becn 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 quantltles saleble
that season are harvested, Because of the contlnuxty 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.



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 gome DFOs have agreed to provide technical assistance
to the NCWK program as well, seed is commonly 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 suitab 'ity. Most, however, are not considered
to be particularly useful multipurpose species for integration into
agrofnrestry 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 waether
provenance documentation by the groups will feature as part of this
program, or how distribution will be organized (27).

Digoi Women Group, Maragoli

This lccal women's group has demonstrated over several seasons a
commi t tment 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 Department
officers have assisted volunteer members of the Diocese to select

and collect seed of various locally-growing species. However, there

are approximate.y 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).



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
geed collection under the supervision of its own hired foresters.

It is also interested in trading seed with other multipurpose tree
nursery projzcts. 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,
80 is not therefore a legitimate Kenya NGO. However, through its
one~year Kenya Seed Project, completed in December 1982, it
coordinated the efforts of sgeveral Kenyan NGOs to examine aspects of
seed availability in Xenya (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 prcject, 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 providad

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



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 aimost 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.

KARI 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. KARI, 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.



On the other hand, these institutions dc 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 KARI. And no action is taken to control it.

The fact is that many groups involved in nursery establishment and
seed procurement are simply unaware cof 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 monitur and evaluate species
performance, and therefore to mzke meaningful comparisons among the
vast number of trial establishment efforts. It appears unzppreciated
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 chinly 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
esgence 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

e
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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.

In 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), KARI'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 i: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 gpecial 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 coilaborate 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 unnecessarily restrict
the valuable role of NGOs in tree planting and seced 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™

1. Action Aid =~ Kenya*
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
. Council for Human Ecology ~ Kenya
. 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
20. ICRAF"
21. Kenya Baha'i Community
22. Kenya Catholic Secretariat
23. Kenya Freedom from Hunger Council
24, Kenys 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. MNamundoli Union Group
34. National Christian Council of Kenya (NCCK)*
*

indicater the NGO is known to be involved in raising tree seedlings.



35.
36

37.
38.
39.
40,
41.
42.
43.
44,
45,
46.

1
National Council of Women of K:nya (NCWK)

Partnership for Productivity
Rajayoga Centre

Samia Cultural Community
Simon Community in Africa
Social Services Joot

The: Salvation Army*

Thihamwa (Men of Trees)
Wildlife Clubs of Kenya"
World Muslim Cbngress

World Neighbours

World Vision International, Kenya

* . . . .
indicates the NGO is known to be involved in raising tree seedlings.



