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FOREWORD

This is the second in what is intended to be a continuing series of booklets
under the name *“Science and Practice of Agroforestry”. The range of topics
that will be covered in these booklets is very wide. Practical handbooks and
manuals, descriptions of rescarch methods, species/genus  monographs,
analyses of specific agroforestry technologics (c.g. alley cropping, shelterbelts,
ete.), geographical accounts of agroforestry practices and systems, reviews on
special aspects of agroforestry (e.g. this volume), ete. are some of the types of
topics covered by booklets which are already at different stages of preparation,

There will be three loosely unifying features of the series:
® the fo mat, 80-120 pages cach, will be the same,
® cach booklet will stand by itself as a “complete” treatment of its subject,
® cach booklet will be direety related to agrolorestry and will be directed to
practitioners, scientists and/or students of agroforestry.,

Given the definition of agroforestry used at ICRAF — ““all land use practices
and systems where woody perennials are deliberately grown on the same land
management unitas annual crops and/or animals” — the Jast feature will not
be too much of & restriction.

Authors and cditors of booklets will be drawn from [GRATs scientific staff
but may also be mvited from owside ICRAF (o0 write on topics of their
speciality. In due course, as the series picks up momentum and hecomes more
well known, voluntary contributions from  scientists and practitioners of
agroforestry will also be weleome,

The present hooklet comprises the base document prepared for a planning
workshop 1o discuss  international cooperation in multipurpose  tree
germplasm, organised by the  International Council for Rescarch in
Agroforestry (IGRAF Nairobi), the Commonwealth Forestry Institute (CFI,
Oxtord) and the International Board for Plant Genetie Resources (IBPGR,
Rome) and held at the National Academy of Sciences (NAS, Washington).
The workshop was sponsored by ICRAF, IBPGR and the German Agencey for
Technical Cooperation (GT7, Eschborn). The base document was prepared
by Dr. J. Burley, Director of the Commonwealth Forestry Institute and Head
of the Departiment of Forestry at Oxford University, who acted as the
consultant for the workshop and, with Mr. P. von Cas'owitz (ICRAT and
GTZ), edited the proceedings.

In the document Dr. Burlev examined the scope of multipurpose trees,
providing an inidal definition for the workshop to discuss, and indicated the
problems caused by the large numbers ol potentially uscful species; a review of
published and unpublished information revealed some 2000 species believed
to have multiple uses. Afier reviewing the current international activities in
germplasm research and development, he deseribed the special characteristics
of multipurpose iree germplasm and the major problems and issues in
twxonomy, exploration, collection, evaluation, and conservation of species
and populations. International needs for such germplasm and information
were predicted, the legal and practical problems of germplasm distribution
were outlined, and elements of posstble international strategies for coping with
the demands and problems were suggested; several of these were amplified at
the workshop and are deseribed in the full proceedingy,
B. Lundgren
Director, ICRAF
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EXECUTIVE SUMMARY

With increasing human and livestock 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 49 and Appendix 1). Of particular importance are fuclwood
deficits (page 49 and Appendix 2). Equivalent plantation arcas needed by the
year 2000 are estimated at 100 million hectares; the current annual rate is 1
million hectares (Appendix 3) for 76 specified tropical countries,

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 products and services particularly in the
rural scctor rather than in industrial forestry (page 49 and Appendix 4),
resulting in new directions for lorestry 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
management systems (pages 50-52 and Appendix 7). Many hundreds of
species have been considered o have multiple uses (pages 52-54, 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 (page 54 and Table 2). The major sources
of such information are described (pages 55-56 and Appendices 9-11),

For exploration, evaluation and conservation ol wide-ranging species centrally
coordinated programmes have many advantages and the major existing
international programmes are reviewed (pages 57-61). The special place of
IUFRO and the need for its expansion 1o facilitate greater support for
developing countries, particularly in relation to rural development, energy
forestry and conservation, are described (pages 59-60 and Appendices 14 and
15).

Although it is not possible to generalise about the need fr germplasm
acquisition, evaluation and storage with so many species having potential
importance, some of the basic common characteristics of multipurpose trees
are deseribed (pages 61-65). These include issues in taxonomy, natural
variation, geneties and breeding systems (Appendix 16) but particularly
problems ot exploration, sampling  of natural origins  and  derived
provenances. The design,  assessment and management  of  evaluation
experiments pose particular problems (pages 66-67). Care should be taken
that enthusiasm for widespread planting does not cause problems of species
becoming weeds,

Many ol the species and provenances of potential interest may be subject to
genetie erosion or loss and  both strategies and techniques for genetic
conservation are required (pages 68-59),

Despite published  suggestions of many suitable species there are few
indications of actual seed demands but agencies that encourage planting of
such species should also consider the problems of sced supply and source
reliability (pages 71-72, 67-68); a survey  conducted for this document
indicated that for 26 out of 110 species sced 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 sced donors and seed recipients should be encouraged to follow approved
systems and develop appropriate exchange and control techniques (pages

72-73 and Appendix 17).

Tissue culture has potential for genetic conservation and germplasm exchange
while all forms of vegetative propagation have application in tree breeding and
in afforestation (pages 73-74). The potential for and problems of breeding
multipurpose trees are reviewed and the conclusion reached that considerable
enhancement of national capabilitics s required,; strategies  should be
developed for resource sharing through internationally coordinated breeding
pools and data banks (pages 74-75).

Itis the object of this Workshop o suggest strategies for meeting global needs
and combatting problems in the use of multipurpose tree germplasm. This
document concludes with a number of suggested elements, topics or activities
that should be considered in developing such global strategies (pages 75-77).
Some 150 references are cited in support of statements made in this docurnent,
Various supporting documents (Annexes) deal with the special case of palms,
the question of seed supplies, health legislation, and the impact of non-
-governmental organizations on germplasim resources.

ACRONYMS AND ABBREVIATIONS

ADB Asian Development Bank, Manila, Philippines

AFOCEL Association Forét Cellulose, Nangis, France

AGRIS Agricultural Rescarch Information System, FAQ, Rome,
Italy

ANU Australian National University, Canberra, Australia

CAB Commonwealth  Agricultural Burcaux, Farnham Royal,
England

CATIE Centro Agronomico Tropical de Investigacion y Ensenanza,
Turrialba, Costa Rica

CFl1 Commonwealth Forestry Institute, Oxford, England

CGIAR Consultative Group for International Agricultural Rescarch,
c/o World Bank, Washington, USA, and FAQ, Rome, Italy

CIAT Centro  Internacional  para Agricultura Tropical, Cali,
Colombia

CSIRO Commonwealth  Scientific  and  Industrial — Research
Oprganization, Canberra, Australia

CTFT Centre Technique Forestier “T'ropical, Nogent-sur-Marne,
France

DIALOG Lockheed DIALOG computer retrieval system, California,
USA

DIMDI Deutsches Institut fur Medizinische Dokumentation und
Information, Koln, Germany

DNA Deoxyribonucleic acid

ESA-IRS Luropean Space Agency — Informational Retrieval System,

Italy
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FAO Food and Agriculture Organization of the United Nations,
Rome, ltaly

FGNFTs Fast-growing, nitrogen-fixing trees

IARI International Agricultural Research Institutes

IBPGR International Board for Plant Genetic Resources, c¢/o FAO,

' Rome, Italy

IBRD International Bank for Reconstruction and Development,
Washington DC, USA. (Now World Bank)

ICRAF International  Council for Research in Agrolorestry,
Nairobi, Kenya

IDB Inter-American Development Bank

IDRC International Development  Research Council, Otiawa,
Canada

I1ITA International Institute for Tropical Agriculture, Ibadan,
Nigeria

1PPC International Plaat Protection Convention

ISHS International Society for Horticultural Science

ISTA International Seed Testing Association, As, Norway

IUCN International Union for the Conservation of Nature and
Natural Resources, Morges, Switzerland

IUFRO International Union- of Forestry Research Organizations,
Vienna, Austria

MAB Man and the Biosphere  Programme, UNESCO, Paris,
France

MPTs Multipurpose trees

NAS National Academy of Sciences, Washington DC, USA

NFTA Nitrogen Fixing T'ree Association, Hawaii, USA

NFTs Nitrogen-fixing trees

NGO Non-governmental organization

NiFTAL Nitrogen-fixing Plants for Tropical Agricultural Lands,
Hawaii, USA

NRC National Rescarch Council, Washington DC, USA

OECD Organization for Economic Cooperation and Development,
Paris, France

SEPASAT Survey of Economic Plants for Arid and Semi-Arid Tropics,
Kew, England

TPI Tropical Products Institute, London, UK

UN United Nations, New York, USA

UNEP United Nations Environment Programme, Nairobi, Kenya

UNESCO United  Nations Lducational,  Scientific  and Cultural
Organization, Paris, France

UNU United Nations University, Tokyo, Japan

US United States

USA United States of America

USAID United  States Ageney for International Development,
Washington DC, USA

USDA United States Department of Agriculture, Washington DC,
USA

USFS United States Forest Serviee, Washington DC, USA

WB World Bank, Washington DC, USA



THE SCOPE OF MULTIPURPOSE TREES

BACKGROUND

Largely as a consequence of growing human and animal populations there has
been, world-wide, an increase in deforestation and, especially in the tropics,
general land degradation. Not only marginal lands but, in many cascs,
existing cultivated arcas are rapidly declining in productivity. The rates and
locations of these losses were described by Sommer (1976) and Wood ef al.
(1982) and the specific case of desertification was summarised by Grainger
(1982). Appendix 1 summarises referenees to the rates of regression of tropical
moist forests, rates of desertification and the tropical lands with potential for
reforestation that are commonly quoted.

The consequent acute food and fuclwood supply problems are well known.
These necessitate intensive counter-measures among which tree planting
programmes are in the forefront, both for environmental protection or
enhancemcent on the one hand, and for renewable energy supplies on the
other. There is a growing awarceness that woody perennials can and must play
a prominent role not only in maintaining the sustainability of many tropical
land usc systems but in mecting farm fuelwood needs. Tropical arcas with
current and predicted fuelwood deficits are shown in Appendix 25 the
cquivalent planiation arcas required to meet the predicted deficits total over
100 million hectares by the year 2000 (Wood et af., 1982). Since the current
annual rate of afforestation in some 76 tropical countries is 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 species or in arcas that are not traditionally planted,
for energy supplies alone.

Trees and shrubs are, morcover, now being extensively planted outside
traditional forest areas to provide not only timber and fuclwood 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 ferestry sector
policies of FAQO, 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
in 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 mechanisms for strengthening national research
capacity were deseribed 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 Rescarch Organizations (IUFRO). These
research topics are summarised in Appendix 5. Fhe top two priority groups of
subjects are ““forestry in relation to agriculture and rural development” and
““forestry in relation to energy production and use™ . In both groups the choice
of tree species and provenance, seed supplies and vegetative propagaticn, and
tree breeding are major priorities. ven 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’™)
conscrvation of genetic resources is recommended for urgent rescarch,

Different countries and arcas within countries have different priorities but a
subjective assessment of afforestation types was made by Wood et al. (1982) —
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see Appendix 6. In view of the overall changes of emphasis in global forestry
needs and activities, and the particular need to supply many of man's
requirements from small units of land, a large number of little known species
are promising candinates (the so-called multipurpose trees or shrubs), and
interest in these has increased markedly in a comparatively short time.
However, the demand for suitabte trees and shrubs (as well as vines and
Falms) which have the potential for various uses cannot, at present, be met
adequately by controlled supplics of appropriate germplasm,

This discrepancy between demand and supply of germplasm has developed
into a situation that is rapidly getting out of hand. Not only are national and
international tree planting progeammes experiencing acute difficulties in
drawing on properly authenticated seed 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 seed
collection is being validly documented the appropriate  procedures for
sampling are often being overlooked. The questione of legal instruments and
source identification have not yet been fully addressed for multi-purpose
species, nor indeed for any tree species.

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

Several leading institutions and organisations have reatised that these
problems will only escalate if immediate steps are not taken to resolve the
growing chaos. The Workshop is intended to take the first steps towards
identifying the problems, and to discuss and set in motion appropriate
strategies for their possible solution. This document, supported by four
consultants’ reports on special topics, provides the framework for these
activities. It is expected that the Workshop will amplify the document in
relation to information on species, countries and sites, documentation and
rescarch centres, international and national support strategies, and legal or
quarantine aspects of germplasm exchange.

SOME DEFINYTIONS AMD DISCUSSION OF TERMS

Several terms have become common Jargon in recent years and, like 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

nsed most frequently for this document and Workshop are defined helow.,
| Y

Multipurpose trees

Trees are generally understood to be free-standing (self-supporting) woody
perennials with i more or less distinet and clevated head, a single main stem
and a mature height generally exceeding a few metres; woody normally refers
to xylem material produced annually Py a persistent cambium of the
dicotyledonous or gymnospermons type but for this Workshop we include
monocotyledons (such as pabns — see the paper by Johnson, 1983, annexed to
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 palins or rattans (IDRC, 1979; Dransfield, 1981) and other
plants whose common name is palin but which are not botanically in the
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Palmae (e.g. the sago palm, Cycas circinalis, in the gymnosperm family
Cycadaceac). 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 Xanthorrhoea. Also the Workshop may consider wo()(l) plants with
multlplc stems often less than 2m tall (rhruln) that arc becoming increasingly
important as fodder. Together these species are referred to as APTs.

In addition a morphological group of plants, the ciimbers, include woody
species in several taxa and with multiple 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:

(i)  Penctrating climbers with roots produced from the stem which draw
nutrients from the host surface,

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

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

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

Vines arc woody tendril climbers ln(luqu the grape vine but are not widely
important for mul(lplc purposes in the tropics. Lianes are a group of tropical
and sub-tropical woody climbers, some yiclding rubber, alkaloids and drugs;
they include some twining and grasping climbers.

Any definition of multipyrpose cannot be applied entirely to a completely
circumiseribed set of species. Virtually every species of tree or shrub can be
used for more than one purpose. Even species grown typically for industrial
sawnwood or pulpwood may produce more than one output, e.g. in Europe
conifers may yield saw timber, Christmas trees and decorative foliage while
acting as shelterbelts, although such & 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 “*multipurpose’” appears to be
used most commonly when a species is deliberately grown at one site and time
to produce more than one product or henefit: these include timber, fuelwood
and the so-called ““minor forest products™ such as extractives, medicines,
toathpicks, human food and animal fodder (including lowers for bees and
leaves for silkworms), and service attributes such as shade, shelter, soil
conservation and improvement of soil fertility.

The term should also be used to cover species that may be grown for different
purposes on different sites. Thus an accepted timber tree such as Grevillea
robusta should be considered multipurpose if it is grown in different places for
shade, mulch, honey, efe.

Within the category of multipurpose trees there is a subset ol fast-growing
nitrogen-fixing trees. (FGNITs or NIF1s). These have the ability to fix
atmospheric nitrogen in a form that is usable to the individual plant itself, to
the soil (through leaching from roots, leal fall and deliberate mul(hmq) and to
domestic animals (through fodder). They include many species in the



Leguminosac family, Afnus and Casuarina species. These are considered
multipurpose trees because the nitrogen fixation is a service benefit, the
foliage is a “‘minor product’’ and the wood is used variously for timber, poles,
fuel, live fencing, efe.

Germplasm

According to the Dictionary of Geneties (King, 1972) germplasm is 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 (1. tree seed). However, material that is currently
propagated vegetatively contains the same genetie type of information and this
‘germplasm could be used sexually in a future phase of a breeding programme.
This Workshop should therefore consider the germplasm of species that are
currently propagated by clonal means or in which germplasm could be cither
evaluated or conserved and distributed vegetatively (e.g. by tissue culture).

Genctic 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 population 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 organisins  should include not only currently sexually
reproducing individuals but all individuals that may contribute genetic
material to a planting programme through vegetative propagation or, in the
luture, through genetic engineering.

Social forestry

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

The terminology for systems and objectives has become confused to the extent
that agroforestry (a group of systems) is commonly equated with social forestry (a
group of objectives). These vere discussed more fully by Burley and Wood
(1983) and the definitions of terms associated with social forestry are given in
Appendix 7.

The important paoint to re-emphasise 1s that MPTs are not a system of land use
nor arc they the magie solution to all problems. They may be important
components of systems and solutions but their optimum  use requires
painstaking, site-speeilic, spectes-specific research  into  the exploration,
aluation, 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)
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automatically imply that a large number of species are of interest. No single
species can grow on all sites, tolerate all types of management, nor yield all
types of products and services. Nearly every lucal or regional flera and the
extensive ethnobotanical and ethnomedical literature cites many diverse uses
of trees and shrubs. Several major compilations of the performance of exotic
forest trees include species that have multiple uses (e.g. Streets, 1962, for all
countrics of the Commonwealth; Krick, 1970, for Uganda).

A large number of organizations and individuals maintain or have published
systematie lists of plants, mainly trees, for a wide variety of site conditions and
uses in the tropics and sub-tropics. It is anticipated that sources of additional
lists will be identified during the Workshop but those cited in Table 1 and
detailed in Appendix 8 indicate the types of published coverage available.
They range from selection of trees for multi purposes and various sites in one
country (e.g. Appendix 8a, Bauer, 1982, Ilonduras; FAO/IBRD, 1978,
Nepal), one region (e.g. Appendix 8b, Koivisto, 1979, Asia-Pacific), one
vegetation type (e.g. Appendix 8¢, Laurie, 1974, African savannahs), onc
altitudinal site type (e.g. Appendix 8d, Fenton et al., 1977, lowland tropical
hardwoods), one soil/climatic type/phytogeographical zone (e.g. Appendix 8e,
Adams et al., 1978, Saharo-Sindian, Sudano-Deccancan and saline soils;
Appendix 81, FAO/IBPGR, 1980, species for comparative trials in arid and
semi-arid Jands in Latin America, Africa, India and Southwest Asia;
Appendix 8y, Delwaulle, 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 of al., 1981 Vergara, 1982; tropical
legumes in agroforestry),

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

Many countries have lists of multipurpose species that are not published but
that are available through personal communication (e.p. Malawi, Edwards,
pers. comm. and Kenya, Owino, 1983, and Barrow, pers. comm.; Appendix
81), while in 1982 the NAS distributed widely a mimeographed list of species
with potential for the Sahel and analogous drylands elsewhere (Appendix 8m).
The special case of bamboos was considered at an IDRC/IUFRO meeting
(Lessard and Chouinard 1980, Appendix 8n), the bamboos of Nepal were
described by Stapleton (1982) and their multiple uses in India by Varmah 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 (ratansy was considered by IDRC (1979). Many of the 34
introduced woody species recommended specifically for browse in north Africa
(Le Houérou, 1980) may also have potential for other uses (see Appendix 80)
and some of the many indigenous species in 21 families in the Sahel (Le
Houérou, 1979) may be plantable. The special case of trees for food and
fodder production was considered by Okalor (1980) for Nigeria and Kessler
(1981) for Nepal — see Appendix 8r — and globally by Skerman (1977). T'he
chemical composition and nutrient values for tree fodders were discussed by
Douglas (1972).

Notall 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 8, nor indeed suitable for
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artificial regeneration in any forin. Nevertheless the lists indicate the
extremely large number of species for which genetic resources may be
required. The most staggering number within a single taxonomic group
occurs in the Leguminosae for which the US Department of Agriculture
maintains a computerised data base on 1000 species! (Halliday and Nakao,
1982, Appendix 8p); of these some 36 were selected as cconomically important
nitrogen-fixing trees, including seven non-legumincus species and a list of
some 50 were chosen as a second priority (Brewbaker and Styles, 1982) — see
Appendix 8q. A similar data base for 3000 plants (not only woody) is currently
being computerised ac the Royal Botanic Gardens, Kew, as part of the
SEPASAT project (Survey of Economic Plants for Arid and Semi-Arid
Tropics — SEPASA'T, 1982).

INFORMATION COLLECTION, STORAGE AND EXCHANGE

Types of information required

The lists of species given in Appendix 8 illustrate the general problem of using
multipurpose trees, namely the great number of species that have potential
application for planting in one or more environments, by one or more systems
and for several purposes. The lisis do not exhaust the possibilitics since they
arc compiled mainly from the personal knowledge, experience or judgement
of one or several specialists on the basis of less than global reviews,
Nevertheless the great number of species in Appendix 8 (nearly 2000) together
with the national o wpical lists held by many national Forestry Departments
and international support agencies and institutions unply 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 deseribed in the CFI Manual
on Species and Provenance Research (Burley and Wood, 1976), which was
prepared primartly for industrial plantation species; the special problems of
multipurpose trees are considered in the [CRAF/CFI/NAS Manual for the
Evaluation of Multipurpose trees currently in preparation. Many of the
constraints are described in subsequent sections of this document.

An attack on these problems requires provision and compilation of
information on the nataral distribution, variation, taxonomy and breeding
system of cach species together with information on the variation in growth,
yield and properties of cach species wherever it has been introduced,;
interpretation of the latter group in turn requires information on the natural
and artificial (management) environment at each planting location. In
addition rationalisation of etforts in conservation and exchange of germplasm
requires knowledge of the practical needs for seed or propagules of the
commaonly used wpedcies,

Table 2 summnarises the subjects on which informaton is required on cach
species and the types of institution likely to deal actively with the subjects or 1o
be aware of information on them.

I Personal communianons 1y 1A Duke, Economic Botany  Laboratory, USDA,
Behrsville, Marvland, USA.
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Sources of information

Nearly every national forestry department and research institute and many
forestry educational establishments would maintain that they conduct some
rescarch or maragement of some of the species considered here as
multipurpose trees. The list of nearly 1000 rescarch institutions in all member
countries of FAO (FAQ, 1982) is being supplemented by a questionnaire on
topies of rescarch related closely to the priorvities identified by the World Bank
and FAO (1981) and reproduced in Appendix 51, The Bean Bag, a newsleter
to protnote communication among researchers concerned with the systematics
of the Leguminosae, published a list of 399 members many of whom deal with
woody legumes (Gunn, 1982).

Of more specific reference to multipurpose trees s the list of institutions
studying nitrogen fixing trees prepared at the NFTA Bellagio mecting (van
den Belde and Huxley, 1982); this lists some 200 institutions in 67 countries.
Major collections of nitrogen fixing tree species are held in arboreta in 13
countrics and herbaria in 18 countries (Sastrapradja and Brenan, 1982),
Knowledge of wood anatomy and propertics of multi-purpose trees may be
obtained from the 125 xylaria listed in Stern (1978). All of the institutions
listed in the three sources discussed in this paragraph plus the horticultural
institutes in 54 countries listed by International Society of Horticultural
Science (1972) (and preferably all those identified by FAQ) should be
approached to enquire about their specific activities and information on
multipurpose  trees; however, the enquiry and the maintenance 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 o individual institutions would of course vield information
on species and techmigues but some of the relevant information is published in
recognized journals and some in less familiar series (*grey literature™). Most
of the literature is abstracted by such services as the Commonwealth
Agricultural Burcaux in the United Kingdom (see Appendix 9) and the less
conventional literature is incorporated in FAO's AGRIS index,

CANl’s ABSTRACTS database is available online through various hosts
including Lockheed DIALOG (California, USA), ESA-IRS (European Space
Agency — Information Retrieval Service, ltaly) and DIMDI (Deutsches
Institut fiir Medizinische Dokumentation und  Information, Germany).
Individuals or organizations requiring information on a specific topic can
request CAB scarches on payment of costs or, preferably, can perform their
own scarches il they have an appropriate telephone line and terminal
cquipment.

The CAB ABSTRACTS computerised database covers global literature for
the last ten years and is scarched automatically by user's choice of key search
words.

ICRAF is currerty preparing an “interactive, user-friendly request service”’
for agroforestry information (INFO/DOC, ICRAF) which will also be
supported by manual searches, stafl interviews and correspondence with other
organizations (1CRAF, 1983 see Appendix 10b),

1. Personal communication. H.A - Hhbini, Institutions, Fducation and Research Branch,
Department FAQ, Rome, ltaly.
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The specialist institutions discussed belove, particularly including CATIE,
CFI, CSIRO, CTFT, FAO and NFTA can supply published and
unpublished information and advice on the choice, management and
propertics of species that are the subjects of their international cooperative
programmes.

Lists of major periodicals, bibliographics and general references to nitrogen-
fixing trees were prepared at the NFFTA Bellagio meeting and are reproduced
in Appendix 1la. Additional references o extend the lists to multipurpose
trees are included in Appendix 11b.

However, extreme care in phrasing scarches is required sinee a large literature
exists; Appendix 104 summarises the numbers of references located through
DIALOG in preparing this document.

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 implicd in Table 2 (and detailed in Burley and Woao,
1976). Not all individual countries or institutions have the Capacity to carry
out all the stages. particularly those involving exploration, collection and
taxonomy ol germplasm in foreign couniries. It would indeed be inefficient
and wasteful of resources i all countries wishing to grow a particuiar species
(the recipient countries) mounted their own collection expeditions and it could
place an unaceeptable burden on the host (germplasm donor) country’s
organization and forests. *Collection by correspondence” is POOL way to
assemble well documented colledctions but, i it s necessary, considerable lead
time is required == see the paper by Turnbull (o this Workshop (Annex 9.5).

Clearly one collection by experienced stalf on behall of all potential planting
countries. would reduce these problems. Further a centrally coordinated
programme could (i) collect samples and data or undertake rescarch on topics
ol common interese (¢ g environmental datacin the site of origin; l.’ll)m';uury or
environmental herbarium studies for taxonomic and genetie purposes), (i)
distribute seed of ditferent origing with expenimental designs that permit
comparison of pertormance or properties over all recipient countries, (iii)
recommend unilorm assessment methods lor comparative trials, (iv) assist
witi national analvses it required and pertorm combined analvsis over all sites
0 estimate species/provenande stability ar genotype-envivomment interaction,
(v) compile manuals and monographs onindividual taxa based on glabal
results of such collaborative trials, and (vi) give advice on the place of such
mtroduced tial material in breeding programimes.

The value of such cemral 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 FAO to support various national institntions in their cfforts to
explore and conserve species ob international interest, (See FA( ), 1977, for the
report ol the fourth Panel mecting: the recommendations are shown here in
Appendix 12.) Some of these institutions only collect and distribute seed while
others provide taxonomic services and ofler design, assessient, anadvsis and
interpretation of comparative evaluation experiments. However despite the
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clear theoretical advantages of such centralised programmes, it is widely
recognised that top priority in general research must be given to strengthening
national institutional capability; such national institutions must bLe
approached first to see if they are able and willing to make collections or give
other support to networks of recipicnt countries. This is the approach taken in
the FAO/IBPGR programme for arid species (FAO/IBPGR, 1980; FAQ,
1981c). Further, many countries are becoming increasingly concerned at the
exploitation of their genetic resources by others, particularly when commercial
seed and breeding companices are involved; seed export may be forbidden to
protect local trade. FAO is curvently preparing documentation for an
international agreement on germplasm distribution.

Among the seed suppliers is CSIRO and among the rial coordinators is CFI
which originally concentrated on industrial plantation species but which is
now beginning to include mulkiipurpose 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 FAQO's Forest Genetic
Resources information (FAQ, 1973-82); a summary of progress in the global
programme for improved use of forest genetic resources (FAQ, 1974) was
given by Palmberg (1981):-

“Based on the priority lists drawn up by the FAO Panel, exploration
and collection followed by the establishment of centrally coordinated
international provenance trials have to date been accomplished for 14
tropical and 6 Nediterranean or sub-tropical species, viz. Arancaria
angustifolia, A, cunninghamit, A, hunsteinii,  Cedrela odorata, Fucalyptus
camaldulensis, I\ wmicrotheca, Gmelina arborea, Pinus caribaca, P. kesiya, P.
merkwit, P patula. L. 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
anumber of other species and genera, e.g. ducoumea spp., Terminalia spp.,
Acacta aneura, A, auriculiformis, A manpium, Cordia alliodora, FLucalyptus
deglupta, L. wraphylla, I globulus, E. delesatensts  and  Cedrela spp-,
(supplementiry coliections); plans have also been made for the
collection/evaluation of some additional species such as Pinus chiapensts,
P canariemsis, Provoprs spp. and - Leucaena lewcocephala. ‘Through  the
activities of TUFRO, good progress has been made in the collection,
distribution and evaluation of temperate species,  especially North
American conifers and Populus spp. Detailed biological studies are being
conducted on a number of potentially important tropical species, e g.
Agathis spp. and Triplochiton spp.

EXISTING INTERNATIONAL COOPERATIVE PROGRAMMES

Although some of these species clearly have potential as multipurpose trees,
there appear 1o he currenty only eight major international collaborative
programmes with NMPTs Glthough many institutions have bilateral and bi-
multilateral arrimgements lor the exchange of cermplasm, g CSIRO,
Australia, for the provision of seed ol Australian species, Fexas A and |
University! for seed of American Prosoprs species, and CATIE, Costa Rica, for
such species as Frythrina, Gliricidia and Inga.

I. Personal conmumcanion, Dr P Felker, Caesar Kleberg Wildlite Research Institute,
Texas A and T University, Catapus Box 218, Kingsyille, Texas, USA,
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CFI

The Commonwealth Forestry Institute, Oxford, England, has 20 years of
experience in the cxploration, conservation and evaluation of industrial
plantation species, particularly tropical pines (CFI, 1980), Recently it has
added a project for arid zone species mainly from Central America, including
Acacia caven, A. deamii, A. pennatula, Atelia herbert-smithii, Caesalpinia velutina,
Calliandra calothyrsus, Crescentia alata,  Diphysa robinioides, Gliricidia seprum,
CGuazuma ulmifolia, Leucaena leucocephala, Leucaena shannoni, Senna atomaria (syn.
Cassia emarginata), Parkinsonia aculeata, Pithecellobium dulce, Prosopis juliflora,
Schinus molle and Swietenia humilis. These are being treated in the same way as
the industrial species with collection of detailed site data at cach seed source,
central taxonomic evaluation, provision of seed lots with designs and
recommended  assessments, the offer of assis..nce  with analysis and
interpretation, and the maintenance of a computerised bank for data and
bibliography.

CSIRO

The Forest Tree Sced Centre of the CSIRO Division of Forest Rescarch,
Canberra, Australia, has been concerned with the collection and distribution
of Australian trees sinee the carly 1960’s. It has cooperated with international
organizations such as FAO and IBPGR 1o sample the gene pools of important
or potentially valuable multipurpose trees including species of the nitrogen
fixing genera Acacia and Casuarina. The CSIRO Seed Centre maintains a seed
store of several thousand seedlots of Eucalyptus, Acacia and other Australian
genera which are of interest for developing countries. All seedlots have origin
data and are tested for germination before being distributed. The staff of the
Seed Centre also carry out rescarch into gencetie variation and various aspecets
of seed testing and handling.

CTFT

‘The Centre Technique Forestier ‘Tropical, Nogent-sur-Marne, France, is a
French Government company created in 1950 to carry out research for
tropical and sub-tropical regions. CTFT is currently collecting seeds of
African hardwoods (Acacia spp., Aucoumea klaineana, Terminalia spp.) and it has
been involved in the last ten years in several explorations and collections of
provenances of tropical Australian hardwoods (about 150 species including
more than 100 cucalypts) and an Indonesian Eucalyptus (E. urophylla).

In most countries where CTFT takes part in research activities, seed sources
have been bailt up locally for the most important species (Eucalyptus spp.,
Gmelime arborea, Pinus spp., Tectona grandiy). Improved sceds are produced in
sced orchards for some species. Conservation stands have been established for
important African hardwoods (e.g. Terminalia superba in the Congo).

Sceds are distributed every vear to more than 25 countries, about half of them
being in the African continent. Over 40 different countries received seed for
provenance trials organized through FAQ (e.g. I wrophylla). Such studies are
carried out with the collaboration of the Laboratoire de Phancrogamie of the
Muscun National d'Histoire Naturelle and the Laboratoire du Physiologie
des Organes Végétaux apres Récolte (POVAR) of the Centre National de
Recherche Seientifique (CNRS).

Permanent CTET staff are involved in the rescarch programines of nine
different countries. In all these countries a large number of species (both
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native and exotic, industrial and multipurpose species) have been evaluated or
are under evaluation (species/provenances/yield trials).

DFSC

The DANIDA Forest Sced Centre, Humleback, Denmark, is active in several
topics related to this Workshop. It has been responsible for coordination of the
establishment and evaluation of international provenance trials of 7ectona
grandis, Gmelina arborea and Pinus merkusit. DFSC collaborates with FAO and
DANIDA projects involved in establishment of conservation stands of mainly
tropical pines. Sceds are procured for rescarch, fe. for supplementary
species/provenance trials, sced studies, ete. Sceds are also procured in ‘“‘semi-
bulk™ quantities for tuture seed production stands, conservation and pilot
plantations. The objective is to make available seed of provenances already
identified as of high potential for planting in quantities adequate for the
establishment of up to about 500 ha worldwide. In choosing species particular
attention is paid to the needs of certain south Asian countries. DFSC will
compile and distribute information on seed handling techniques, including the
production of a guide for seed handling and separate species leaflets for
selected species.

FAO

The FAO/IBPGR project on genetic resources of arboreal fuelwood species
for the improvement of rural living (FAQ, 1980, 1981¢) 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 detailed
in Appendix 81,

Although cemrally coordinated by FAQO, with recommended standardised
procedures, collection of the seed and herbarium material is arranged by cach
host country, seed is stored at the DANIDA Forest Sced Centre, and
taxonomic research is contracted to specialist institutions.

IUFRO

The International Union of Forestry Research Organizadons is the world's
forum for researchers in forestry and forestry products. Its members are
rescarch institutions (approximately 400 in 93 countries) which pay a small
annual fee for cach working scientist. Fach institution receives copies of
IUFRO News for cach of the staff for which subscriptions are paid
(approximately 8000).

IUFRO activities are grouped into six Divisions (cach led by a Coordinator
and one or two Deputy Coordinators), within cach of which there is a
hicrarchy 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 ITUFRO is conducted at the quinguennial
Congress and managed between Congresses by an Executive Board (some 25
Divisional — Coordinators,  Deputy  Coordinators— and  Regional
Representatives) governed by an International Council (made up of a
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representative from cach country that has more than one member institution,
and meeting during the Congress).

Until 1972 there were no rescarch groups dealing specifically with tropical
problems and prior to that date there had been only one or two meetings
outside Europe and North America. Since then, however there has been an
increased awareness of the need to incorporate members from developing
countries in the operations of TUFRO and of the desirability of arranging
mecetings in the developing countries themselves. This culminsted in the
passing of a special resolution at the last JUFRO Congress following
discussion of the review of research needs presented by World Bank and FAQ
(1981).

A complete breakdown of TUFRO’s structure and officials was given in
TUFRO News No. 36 (IUFRO, 1982). The rescarch units most relevant o
multipurpose trees are listed in Appendix 14.

TUFRO docs not have funds (other than the small annual membership fee
which covers the cost of printing and mailing the regular News); its relevance
to forestry vesearch and development problems depends on the enthusiasm
and activities of its individual scientists and the financial support they receive
from their home institutions. Nevertheless ITUFRO has been highly effective in
solving problems through coordinated rescarc .. nublishing manuals and
monographs on selected topics or species, organzing training courses, and
keeping scientists aware of global problems and progress through meetings
and the publication of their proceedings.

The World Bank and UNDP have funded a special coordinator within
TUFRO (o inerease TUFRO'S programme activities in support of forestry
rescarch in developing countries. The announcement of this position is shown
in Appendix 15, The position will be for two vears in the first instance as an
exploratory period and thereafter, if it proves successtul, additional funding
and donors will be sought together with means of generating funds internally
within [UFRO itself.

NAS

The National Academy of Sciences supports rescarch and development of
multipurpose trees in two ways:-

(i) Firstly, through its Rescarch Grants programme, NAS is assisting some
T “grantee™ institutions in trials of leguminous woody species and
assessment o their nitrogen fixation capacity. The institutions and
praject titles are shown in Appendix 13,

(i) Secondly, NAS has sponsored trials of many species (Appendix 8m) in
several countries of the Sahel region, One of the problems is the lack of
guaranteed hife of the field trials, a problem that is common to all field
experiments; another is the lack of planmed centralised evaluation.

NFTA

The Nitrogen Fixing “T'ree Association, Hawaii, (which  was mainly
responsible for the Bellagio meeting referred to frequentdy above) is a non-
profit, publicly supported corporation with nearly 1000 members cach of
whom pays a small annual subscription. Its purpose is to encourage
international rescarch and development, communication, and utilization of
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nitrogen fixing trees to provide improved fuel, fertilizer, forage, food, fibre,
forests and other benefits. Inter alia it publishes rescarch reports (e.g. Leucaena
Research Reports, Nitrogen Fixing Tree Research Reports), sponsors
workshops and seminars, and asscinbles, increases and  disseminates
germplasm, Under the stimulus of Professor J.L. Brewbaker, an agricultural
geneticist, NI'T'A has made great progress in the selective breeding and testing
of Leucaena but attention is also paid to othee woody legumes through
comparative trials of the species listed in Appendix 8i.

NFTA is closely associated with NilFTAL (Nitrogen Fixation by Tropical
Agricultural Legumes), a team of University of Hawaii scientists contracted
by USAID with the goal of increasing agricultural productivity throughout the
tropics by promoting more eftective use of the symbiosis between legumes and
rhizobi.. in production systems; NiFTAL conducts an international network
of legume inoculation trials and maintains a large library with a copying
service.

NFTA has also been associated with the Feonomic 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 it was established in support of US agriculture, it
has great value to othier countries and its data bases should be maintained and
extended.

GERMPLASM ACQUISITICN, EVALUATION AND
STORAGE

SPECIAL CHARACTERISTICS OF MULTIPURPOSE TREE
GERMPLASM

The various sources of information listed in Table 1 referred to 2000 species
(shown in Appendix 8) in nearly 100 genera and many families. It is thus
impossible to generalise to the same extent as is possible, with increasing
degrees of relevance or precision, for various subsets of industrial plantation
species (e.g. conifers/pines/tropical pines or cucalypts/tropical cucalypts/arid
zone cucalypts). Multipurpose trees may be found for a wide range of uses on
a global range of sites. (Although the bulk of this document is cor cerned with
tropical and subtropical species mainly for developing countries, it should not
be forgotten that some species have multiple uses in temperate regions and
that their development may be subject to the same constraints.)

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

In developing strategies for the improved use of multipurpose trees (see last
chapter of this document) it will be difficult to identify research topics that are
common to all species or even to a large number of species and it will be
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equally difficult to rank specics in order of priority for attention in different

countries or on varied site types. Excellent starting points for the lauer are of
course the “*A” and ““B”’ lists of the Bellagio meeting (sce Appendix 8q) and
the FAO/IBPGR set (Appendix 8f).

ISSUES IN TAXONOMY AND GENETICS

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

The following extract from FAQ (1979) summarises the current taxonomic
situation for cucalypts:-

“For many decades there was discussion about the ability of cucalypts to
hybridize and whether certain names referred o stable species or 1o
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 distinet in the
ficld. Some of the difficulty was caused by clinal variaton, where a
species population gradually varied from one district to another or from
one altitude to another. In any ane place the population seemed o be
stable. This caused some confusion in nomenclature, Morcover, there
was uncertainty whether some eucalypt taxa should be given specific or
subspecific rank.

Great help in resolving the relationship of taxa and the question of actual
or potential hybrids has been given by several scientists who have
experimentally manipulated crossings between cucalypt species and
have demonstrated, by sorting out progeny, that certain suspect species
were, in fact, of hybrid origin. This work has shown which cucalypts are
likely to hybridize and those bhetween which hybridization is apparemly
impossible. “The work has  demonstrated  that  the potential - for
hybridization in the genus is enormous. The reason that hybridizaton is
not more  prevalent in Australia is that species between  which
hybridization is likely 1o take place are separated by considerable
distances in a large continent or by different flowering  times.
Particularly since the Second World War, many countries of the middle
and lower Latitudes of the world have planted a variety of Australian
cucalypts from widely separated localities of natural occurrence within
close range of cach other. It has become apparent that significant
crossing of species is taking place.

Based  on extensive  vesearch work  on ability o manipulate
hybridization, and a vast amount of fiel, work throughout the
Australian continent and adjacent islands, Pryor and Johnson (1971)
published a classification of cucalypts in which the genus Eucalyptus of
L'Héritier and the closely related genus Angophora of Cau are combined.
The classification divides the genus Fucalyptus into seven subgenera with
sections, subseries, superspecies, species and subspecies,”’

An analogous sununary for the legumes may be taken from Allen and Allen

(1981):-
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“The enormous plant family Leguminosaec, with a worldwide
distribution, has a currently estimated 16,000 to 19,000 species in about
750 genera. In economic importance it is second only to the grasses,
Gramincac; in size, only to the Orchidaccac and the Compositac.
Taxonomists conventionally have divided the family into three clearly
distinct subfamilies, Mimosoideae, Caesalpinioideac, and
Papilionoidcae; division has been based mainly on floral differences, a
concept adhered to in the generic synopses in the present volume,
Although some recent taxonomic restructuring has accorded full family
status  to cach of the three subdivisions, as Mimosaceac,
Caesalpiniaceae, and Fabaceae in the Order Leguminales, this is a
matter of choice, 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 ill-defined or controversial genera.”’

Among the most widely useful woody legume genera, Acacia and Prosopis,
confusion exists in several tropical species with invalid subspecific and varietal
epithets (but sce Burkhart, 1976; Duke, 1981; Greaves 1978, 1979; Polhill and
Raven, 1981). Sometimes the same species is called by two different names in
different countrics, e.g. Acacta tortilis in India is A. raddiana in lsracl
(FAO/IBPGR, 1980; the FAO/IBPGR project plans to provide adequate

material for clarification of some of these issues).

Even for groups in which classical taxonomy at the specific level is not in
doubt, for the vast majority of potentially multipurpose trees information on
their intra-specific variability is lacking. Range-wide collection or study of
herbarium specimens has not been undertaken and taxonomists have tended
to ignore the variation seen in introduced, planted materials. To some extent
these may be attributed o lack of trained taxonomists, lack of resources for
expeditions and herbarium work, and lack of appreciation by foresters and
agriculturists of the implications of intra-specific variation and the need for
uncquivocal  identification  (for  germplasm collection,  evaluation,
management and future breeding).

For both the taxonomist and the geneticist an important issue is the natural
breeding system of the species. For common industrial species such as pines
and cucalypts it has often been assumed that outcrossing is the rule yet recent
evidence indicates that selfing may occur at rates up to 10%. In cucalypts
outbreeding is  favoured by mechanisms operating  at  two different
developmental stages, reducing the degrees of self-pollination and  self-
fertilization, but selfing does oceur (FAQ, 1979). Selfed seed may be inviable
or seedlings less competitive,

Most tropical trees including legumes appear to be cross-fertilized; among 43
species of nitrogen fixing trees identified as cconomically important, only
Leucaena leucocephala was found to be highly self-fertilized (Brewbaker, 1982;
Brewbaker and Styles, 1982); it is polyploid and hybridises with several other
species, although this often yields sterile hybrids (NAS, 1977; Brewbaker,
1982). There are indications that at least some species of Acacia do set
considerable quantities of seed by sclf-pollination, e.g. A. dealbata’. For many
other families information is lacking on the complete breeding system (sce

1. Personal communication, Miss J. Kenrick, M.Sc. student, Schoul of Botany, University
of Melbourne, Australia, including extracts from thesis shown in Appendix 16,
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Burley and Styles, 1976) or pollination vectors (see Regal, 1982). Without
such knowledge optimal sampling can not be planned for either genetic
conservation or evaluation and breeding,

PROBLEMS IN EXPLORATION AND COLLECTION

The practical, administrative and politicai problems of seed collection were
described by Kemp (1976); these apply cqually to industrial species and
multipurpose trees. Issucs thai are particularly relevant to the later, especially
tropical hardwoods, including the following:-

Distribution

Fhere is often a serious lack ol information on the distribution and extent of
geogriphic distinction hetween populations within the natural range. This
obviously adds (o the time and cost of field exploration and necessita os prior
searches for maps, prior correspondence with local professional staff, and fiekd
discussions with rural populations. For studies of indigenous species a Forest
Service should encourage its stalf 10 observe and record the locations of
species. The problem of exploration of exotic stands is considered below under
“Sampling™’.

Phenology

Fxpedidons for coilection clearly need prior information on the seasonal
periodicity and the annual finctuations in flowering and seed production and
in leaf phenology (for taxonomie collections). Again local staff may help but
they may experience the problems of taxonomy and nomenclature discussed
above.

Timing of sced collection

[tis preferable to colleet only in a year of abundant seed production since this
offers much greates treedom of action in the choice of stands and trees, as well
as the posribility of obtaining more seed for a given cost. Crop assessments
made a few months belore harvest, by reliable and experienced observers, are
uscful and can be progressively improved in accuracy if they are later
compared with the actual quantities of sced obtained. Visual assessments from
the ground can be very imprecise and it is often preferable to climl one tree in
agroup and make an estimate based on cach climbed tree and its immediate
neighbours. By this means specimens can also be collected that will help to
determine the stage of development of the erop and thus the timing of the
collection,

When attempting to colleet provenance samples over a wide range the total
time allowed by the length of the fruiting scason can be a severe constraint,
Determination of the most appropriate sequence of collecting sites, to take
advantage both of differences in fruiting time and o'so the available means of
transport bhetween 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 when synchronization of
work between separate collection teams is needed. All parties should know in
advance what alternative programme will be adopted if the timing of the
preferred programme cannot be followed.
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Sampling

If the resources and information available are too restricted to permit complete
range-wide collection in one year, there are advantages in collecting from
widely scattered points across the entire range in the first year, thus gathering
much additional information nceded 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 st
conservation or for collection of reproductive material. Repeated sampling of
any stand in two or more years is desirable to ensure a greater number of
parents contribute to seed production and gencide representation.

Mecthads for the sampling of stands and trees were described by Kemp (1976).
The pattern of stand sampling, whether systematic or random or stradified
random, depends on the continuity or discontinuity of the distribution of the
species, the evolutionary migration pathway of the species and the location of
communication systems (roads, rivers, airstrips, ec.) Many tropical species
are found only as single trees widely separated from the nearest breeding
specimen of the same species, and they may be self-pollinating, in which case
there is no **stand”” 1o 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 potential valuable genctic variation within a population. For
most natural origins there is no estimate of population genetic variance and
therefore large numbers of parents should be sampled for sccurity. The
general IBPGR recommendations for conservation collections (Hawkes, 1980)
state that sceds from 50-100 individuals should be bulked to represent a
population and, for outcrossing, heterozygous  species,  this procedure
adequately safeguards against loss of alleles (see Burley and Namkoong,
1980). For evaluation, however, it is preferable to keep parental identities
separate if resources permit so that replicated field trials provide information
on variance within as well as between populations.

Derived provenances

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

Where the species has been planted outside its natural range as an exotic, local
selection by nature and by man in the new site is inevitable, again changing
the population genotype. Such populations are derived  provenances (as
opposed to natural provenances or origing — see Jones and Burley, 1973,
shown in Appendix 17), and should be sampled for evaluation, adding to the
sampling costs. Determining the location and  genetic history of such
populations is difficult particularly when seed source records are not kept and
when so many haphazard introductions and seed movements are made (see
Annex 5.2 to this document on the activities of non-governmental
organizations by Buck).
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PROBLEMS IN EVALUATION

Evaluation normally refers to the design, analysis and interpretation of
comparative trials of different sced sources (species and provenances) but it
also includes the taxonomic and ccological studies of the natural range
discussed above. Certainly the locational and ccological features of the natural
sourrsare used o interpret variation observed in field tials under exotic
conaitions,

Appropriate sequences, designs and analyses for species and provenance trials
were described by Burley and Wood (1976) largely for industrial plantation
species. Some experimental approaches to studying multipurpose trees are
described in the ICRAF/NAS/CFI manual now in preparation. ‘These include
appraisal of existing data, evaluation of ccological situations where existing
stands of mature species are immediately available, study of single wrees
introduced  into agricultural systems, and formal - experiments;  these
experiments include species elimination trials, field triads of survival and
vigour, performance and management trials, and, eventually, experiments
with agroforestry svstems,

Design

For many of the multipurpose trees considered here there are three major
design problems. “The firstis the lack of information on variation between and
within populations and, often, sites. Technicaily this information is necessary
to obtain optimum precision and clficiency. In practice robust designs such as
randomised complete blocks are used with large plots (many trees per plot).

Secondly o given experiment may include many species or provenances in
which more complex desions such as latices may be desirable 1o obtain
vequired precision bur these are undesirable because of their complexity in
layout, management and analysis. A centralised project with experienced staff
and adequate statistical and computing support may be able to deal with such
designs whereas an individual research worker in a rural sitwation may not. By
coordinating the design and anadysis of o large number of experiments i
centralised ageney may also obtain information on the extent and sources of
genotype — environment interaction (see Barnes of af. 1982).

Thirdly, when many germplasm sources are ivolved, they may be at different
stages of information and genetic development or have different breeding
systems and hence variance, e one or two bred varicties of Leucaena
lencocephala may be compared with bulked, wild tvpe collections of other
species not previoushy tested, or different amounts of seed may limit the degree
of replication of some lots, In these cases the augmented designs deseribed by
Federer and Raghavirao (1975) and Brewhaker (1978) nry be useful.

Assessment

The principal problem in assessing multipurpose trees is implicit in their
name. I they are for multiple uses, multiple characters have (o be assessed.
Many of these are not familiar to foresters (e.g. foliage or fruit yield, nitrogen
fixing capacity) nor to agriculturists (r.2. woody biomaes, fuclwood or charcoal
yieldand properties). Methods of sampling, measurement (laboratory or field)
and analysis still have 1o be developed for some traits, An extensive list of
characters to be assessed is incladed in the ICRAF/NAS/CEFL m: aual in
preparvation, including characters of the environment as well as the plant.
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Apart from the simple problems of time, cost and skill in assessing multiple
characters, a major problem is their compilation into an overall index
reflecting the gross socio-economic value of cach seed source for each site.

Management

One of the dangers of publishing lists of species such as those shown in
Appendix 8 is that many of the countries or organizations interested in testing
them may have no experience of actually growing them. Sced treatments,
nursery techniques including mycorrhizal or rhizobial inoculation and field
management mzy be cither completely unknown or different between the
different seed sources in the given experiment.

Although a central coordinator can provide general advice, local techniques
should ideally be developed before comparative trials are cestablished. Yet
because of current pressing needs and enthusiasm many species trials are
proceeding before sufficient silvicultural research is completed with the result
that species may fail not because of inherent unsuitability for a given site but
because of inappropriate treatment of managerial problems (e.g. some of the
sites in the NAS Sahel trials'. Another problem with lists of species is that they
are of no value if no sced is available or there is no infrastructure for its
procureinent.

THE PROBLEM OF WEEDINESS

Two problems often arise with species that are introduced as a result of current
fashion or enthusiasm (the “‘new’”” or ““marvel”’ wree that is intended to solve
all our problems); one is simply that the species do not live up to expectations
through mcorrect choice of species and  provenance or  through  poor
management.

The sccond problem is the highly successtul adaptation of an exotic species to
its new cnvironment to the extent that it flowers profusely and regenerates
abundantly, spreading as a weed to arcas where it is not required (agricultural
fields, pastures, etc.) Well known examples include Opuntia in Australia (for
which biological control has been developed); Robinia psendoacacia, Ailanthus
altissima and some cucalypts in the castern Mediterrancan (Greeee and
Turkey, often spreading vegetatively); Frcus and Melaleuca in Florida, USA;
Acacia in South Africa and Queensland; Lantana in Africa, Australia and
Hawaii; Prosoprs in India, Pakistan and USA. Leucaena leucocephala is being
closcly watched in thie Philippines.

SEED SOURCE RELIABILITY

The various types of seed sources (natural and derived provenances) were
discussed above and in Appendix 17. Tt is one thing to classify sources; it is
quite another to guarantee their authenticity. Further 1o be meaningful the
results of a comparative study must be seen in the light of features of the
environment of the germplasin sources included in the trial. It is therefore
inadequate to name only species or country of origin in sced supplies.

The control and recording of seed origin are  discussed below under
“Germplasm certification”” (see also Appendix 17) but far more data on seed
origin arce nceded for evaluation experiments than for routine germplasin

I Personal commumcation, LA, Gritzner, BOSTID, NAS, Washington DG, USA,
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movement. Such detailed information is usually collected by the coordinators
of major international programmes (sce e.g. the descriptions of seed sources of
P. cantbaea and P. oocarpa used in the CFI programme — Greaves, 1978, 1979).

Few tropical countries follow the seed certification system discussed below and
virtually no commercial seed supplier worldwide can provide sufficient
information on the source environments to facilitate interpretation of trials,

PROBLEMS IN GENETIC CONSERVATION

Needs for conservation

The needs to conserve natural resources, both for current use and for future
geNerations, are now widely appreciated  (Eckholm, 1978, NAS, 1978;
Anon., 1981) and scrious attempts are being made by organizations, national
Governments and international ageneies to conserve representative samples of
natural ecosystems. Some 900 reserves have already been established within
the UNESCO MAB (Man and the Biosphere) programme — see UNESCO
(1973). Strategies for in it conservation of forest ZCNCLC TESOUTees were
considered by FAO/UNEP (1981).

At the other end of the spectrum considerable efforts are being made to
conserve individual plant and animal species that are in danger of extinction
(sce Prance and Flias, 1976: Lucas and Synge. 19815 Pevor, 1981; Synge and
Townsend, 19793, The International Union for the Conservation of Nature
and Natural Resources (IUCGN) has a Threatened Plants Committee which
maintains the Red Data Book (see TUCN o al., 1978; Synge, 1981).

Neither of these activities, however, fully takes action at the level which is
most amportant for  hoth industrial  and multipurpose  trees, namely
silegiarding the resources of threatenced populations within species and the
maintenance of derived provenances and local Land races. This level of need
has long been vecognized for agricubural crops and most of the International
Agricultural Research Institutes within the CGIAR svstem maintain global
collections of wild and cultivited types as well as weedy relatives of their
specifie crops. However, itis only recently that deliberate measures have been
taken 1o conserve populations of forest trees, matnly industrial conifers and
cucalypts, by ex vitu stands (Roche, 1975 Wood and Burley, 1980). TUFRO
Working Party S2.02-01 attempts to. esllare and stimulate such cfforts. With
the exeeption of a few multipurpose species that have been explored
mtensively (e.g. some cucalypts by CSIRO; the CFI and the FAO/IBPGR
arid zone hardwoods; or the CATIE Central American hardwoods), there
have been no svstematie attempts o collect material for conservation as
opposed to evaluation in small rial plots.

Subjects of conservation

In conserving an ccosvstem i situe we automatically conserve its species and
their genctic resources although the size of area reserved obviously controls the
number of individuals of cach species. “T'o determine the minimum area of
lorest necessary o conserve adequate numbers of individuals i sit requires
knowledge of the reproductive biology, ccology, pattern of distribution and
genetic varianee of the species

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

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

(1) Representation: genetic dversity (large population)

(b)  Prevention: genetic erosion (no selection)

(¢)  Preservation: genetic integrity (no gene flow)

(d)  Retention: gene frequencies (no distortions o breeding pattern)
(¢)  Conservation: longterm security (low energy input)

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

(@) Small proportions (collected or maintained)

(b)  Selection (random or direeted)

(c)y  Hybridization (gene flow)

(d)  Unnatural breeding patterns (level of heterozygosity)

(¢)  High risk survival factors (individual enthusiasms, cultivation in
glasshouses, atc.)

Mecthods of ex situ conservation

Ex situ conservation can be done by agenzies with an interest in the species and
in areas where environmental conditions or management techniques are
suitable. Tt can take the form of pollen storage, seed storage, tissue culture (see
Wilkins et al., 1982), or growing plants in conservation stands which
themselves continually evolve (see Roche, 1975). Appropriate techniques for
these four methods are not known for many multipurpose trees and for some
may require considerable rescarch (e.g. species with recaletrant seed — see
King and Roberts, 1979,

SEED STOKAGE

Seeds may be stored over long periods for genetic conservation or short
periods unul distributed for evaluation trials or routine plantings.  [deal
conditions for storage, routine germination and germination testing have been
determined for many temperate species but few tropical species (see ISTA,
1976; USDA, 1974}, In the absence of researched methods for a given species,
those appropriate 1o the spedies that s nearest taxonomically  and
environmentally should be adopted. Meanwhile considerable research s
required ta ensure the Jongest tife o urcatest germination ol valuable
seedlots and TUFRO) Project Group P2.04-00 should be able to stimulate and
coordinate such work, A survey of equipment and supplies for seed testing was
published by ISTA (1982). In the cirealar questionnaire discussed below
(under “Demand™) there were reported o be seed problems in 509 of the
species,

DATA BANKING AND DISSEMINATION

During the course of exploration and evaluation of 2 species considerable
amounts of diata accumulate both nationally by cach country conducting
rescarch on the species and internationally by agencies coordinating larger
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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 many countries forestry rescarch data are collected, filed away and
forgotten so that the next generation of rcsearchers attempts to rediscover the
wheel; a review of existing information should alwavs precede new research,

As the nuinbers of species, institutions and experiments increase, this problem
of data management escalates. Fortunately we live in a period of rapid
development and lowering of prices of computers but it is desirable to ensure
that data management svsters are compatible among those dealing with
multipurpose trees. Pertable microcomputers can now be linked by ground or
satellite telephone svstems and dia exchanged casily.

The results of rescarch should be published in recognised  journals and
compiled eventually in bibliographies and monographs (see Appendix 11h)
which are themselves noted by the abstracting and information services
described cardier.

GERMPLASM DISTRIBUTION AND USE

DEMAND

The first chapter of this document and Appendix 8 demonstrate that nearly
2000 species have been considered 1o have potential for several uses or for
difficult envivonments (physical and social). However, few of the many
references examined gave any indication of the supply and demand situation,

The commendable enthusiasm o international, governmental and non-
governmental organizations to establish trees in degraded sites or in rural
situations ar for non-industrial purposes can lead 1o two dangers. Firstly and
sinply, seed or other propagules may not be available in sufficient quantities
to meet planned planting Gugets, Secondly, the urgeney for planting or the
lack of seed of some species may lead 1o the planting of inappropriate species
and provenances. Either of these can cause dissatisfaction and disillusionment
in govermment planners and administrators as well as in the rural populations
themselves. The Annex o this document prepared by Turnbull uses
Australian experience o inerease awireness among planners and managers
that currently i severe bettleneck 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 inonly three implementation documents, [t is necessary  for
agendies which promaote the planting of mdtipurposs tree species through
publications and the sponsorship ol mieetings o1 development projects to have
an equal commitment 1o support seed collection activities to satisfy the
demand they ereate

Current annual planting vates for 76 countries in - the tropics  are
approxinately T million hicol industrial plimtations and 0.5 million ha of non-
mdustrial forests (tuelwond, domestic products and protection) according to
Linly (1982) The review by Waod ot al. (1982) suggested that the equivalent
of 100 million ha would be needed by the vear 2000 (7¢ 5 million ha per vear)
to meet predicted deficits of wood products and o reforest degraded fand.
China will plant 1 - 2 million ha annually 10 meet established targets for
industrial and domestic wood and Brazil is currently planting approximately
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0.2 million ha (sce Lanly, 1982; Turnbull, 1982; and Annex 5.5 to these
Proceedings).

Most of these plantings will be based on seedlings (excluding some 10,000 ha
annually of cucalypt cuttings in Brazil and Congo and equivalent areas of
poplars and willows in South America and Europe) and clearly  large
quantitics are involved. Sinee the number of species is so large and seed size is
so variable it is not possible to predict precisely the sced weight for cach
species. However, conservative estimates of global needs exceed 100 t1ons of
coniferous seed and 25 wons of cucalypt seed for industrial plantations while
similar amounts o hardwood and palin seed are likely for non-industrial
planting because of the greater seed size of many multipurpose species and
because of the lower efficiency of seed use in rural planting as opposed to
menaged indusirial plantadon schemes,

Problems in supply of multipurpose spocics veeur wien newlv recognised
species or superior populations are required in substantial quantities and the
only source is natural forest in the country of origin, e.g. Eucalyptus dunnii
(restricted nawral  distribution), £ camaldulensits  (the  remote Petford
population) ar Acacia mangium (remote natural stands and  difficult seed
extraction). For these and others of the 1300 potential species of Acacia,
Casuarina, Eucalyptis. Grevillea and Melalewca there will be difficulty in meeting
demands in the short term even with the well organised seed collection services
m Australia.

In prepaning for this Workshop a questionnaire was circulated to 200 heads of
tropical forest departments and rescarch institutions, and - individuals (tree
breeders and silviculturists) o seek information on their national use of
multipurpose trees. Filty replies were received and over 200 species were
nominated (see Appendix 18). OF these 50 were mentioned by the Australian
respondent as having potential elsewhere as exotics but without estimates of
demand. OF the remaining species seed supply was considered adequate for
only 71; for 26 the supplies were considered definitely inadequate. These
responses are obviously not fully representative of all countries, organizations
or species but they begin to give an indication of the problems that lie ahead.
(Although the responses o the questionnaire were of variable quality it
appears that the tollowing uses of species are claimed:- firewood 110, charcoal
41, fodder 26, fruit 47, shelter 115, soil prozection 37 and soil improvement
35.)

SUPPLY

FAO maintains a directory of tree seed sappliers (FAO, 1975). In its 1961
edition the divectory consisted of over 400 pages listing a number of supplicrs
for each species. Sinee then the volumes of exchange and trade in forest tree
seeds have expanded greatly and the 1975 edition is a directory of countries
able to supply seed of species and varieties, The addresses of national seed
coordinating centres are given rather than those of commercial suppliers. Tt is
primarily for sced of trees used in forest production, with less emphasis on
woody plants suitable for crosion control, ornamentals, game and wildlife
management, shelterbelts, lodder, etc, but these are included where seed was
available in 1975,

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

While all the agencies and organizations promoting tree planting need to be
aware of sced suppliers, National Seed Coordinating Centres need to be aware
of the worldwide interest in non-industrial species and the neeessity 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 from 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 usually implies documentation by formal written certificate. As
commonly used in forestry it ref »rs to seed certification (although the OECD,
1974, scheme refers to all reproductive material and henee o all germplasin)
and it is an official statement that a seed lot conforms o certain standards
which may include specific identity, origin, genetic characte= and seed
purity. As discussed by Jones and Burley (1973) (and above under the topic of
sced source reliability) considerably  more information is required  for
evaluation than is required by the OECD or most national seed certifics tion
scheies.

The OECD scheme is open on a voluntary basis to all meniber countries of
OLECD 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
rarcly a national legal requirement for them to do so. Governments and Forest
Departnents 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 discases and insccts. 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 problemn is not only
restricted o the wree species itsell but may apply to indigenous crops; for
example, Pinus caribaea seed may not be imported o Malaysia from Central
America because it grows in association with oaks which are the alternative
host to South American leaf blight (Dothidella ulei) which conld virtually wipe
out the Malaysian rubber industry,

The major risks and the steps required 1o minimise them were deseribed by
Kaln (1977, 1978, 1979a, b, 1981, 1982), Waterworth and White (1927) and
Ivory (Annex for these Proceedings). With the exception of tissue cultures and
movements between European Common Market countries, whole living
plants may rarely be moved internationally Import of soil is prohibited except
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for research purposes in which case the importer is usually required to certify
the soil will be heat sterilised after the research,

Regulations may entail any of the following:-

(a) Specific prohibition

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

(d) Treatment on arrival

(¢} Inspection on arrival

(D Permit required

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

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

An mternational plant protection convention (FPPC) was established in 195]
and has been ratified by 80 countries. Regional organisations also cxist (see
Ivory, 1983). Most countries have established national Plant Protection
Authoritics as have some States within federal countries (e.g. Australin, USA),
The regulations of all these agencies control the import but rarcly the export of
germplasm; donors, scientists and commercial suppliers should be fully aware
of the plant health regulatons in the importing country,

PLACE OF VEGETATIVE PROPAGATION

Tissue culture was mentioned above as a valuable means of minimising the
risks of germplasm transfer (see particularly Kalin, 1979b). For internally
sced-borne pathogens embryo culture combined with microbiological assay
and virus indexing offers a useful technique. For virus-infected material heat
therapy of shoot tip cultures may be combined with virus indexing,

Tissue culture could also be valuable for genetic conservation as long as the in-
culture mutation rate is not high. However, an expert committee within
FAQO's Agriculture Department felt that tissue culture will not be suitable for
conservation until long-term techniques have been proved (Williuns, personal
statement at the: Workshop). Such gene pools can be propagated and
maintained in several locations for sccurity. ‘Techniques and problems of
tissue culture storage for genctic conservation were reviewed by Withers
(1980).

Easily perishable plant material and species with difficulties of seed collection,
storage or germination could also benefic from tssue cuiture. However,
techniques of organ, embryo, tissue or cell culture have been evaluated for
only a few tree species (e.g. oil palm, Unilever Company, England; teak and
sandal in India; Douglas fir and some pine species, Weverhauser Company,
USA; Maritime pine, AFOCEL, France: some cucalypt species by several
workers in Australia and USA: Prosoprs species, Dr P, Felker, Texas A and 1
University, USA; rubber in China (see Han and Qiquan, 1981) and many
North American species but not on the commereial scale (Brown, 1981)).
Techniques and possibilities for tissue culture in forestry were described in
Bonga and Durzan (1982). 4 review of the global potential for plant cell and
tissue culture was conducted by a Working Group of the US National
Rescarciv Council (NRC, 1982). It identified cight research arcas as prospects
for near-term, mid-term, and long-term applications of plant cell and tissue
culture techniques:-
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Near-term (many new applications possible now or within 5 years)

Clonal propagation

Discase climination

Germplasin exchange

Gene transfer by wide hybridization

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

Variant sclection (including somaclonal selection)
Production of haploids

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

Secondary natural products
Molecular gencetic engineering in plants.

Other forms of vegetative propagation, especially the rooting of cuttings, have
places in tree breeding (for the ereation of clonal banks and seed orchards) and
in commercial afforestation (e.g. cucalypts 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 species and in
many countries (see e.g. Wright, 1976). An indication of the scope may be
obtained from:- the Proceedings of three FAO/ITUFRO World Consultations
of Forest T'ree Breeding in 1963, 1969 and 1977 published by FAO; the many
papers in 33 volumes of Silvae Genetica; the Proceedings of three meetings of
TUFRO Working Party §2.03-01 (Breeding tropical species) 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 e al., 1980) and Burley (1980b)
reviewed the problems and possibilities for genetic improvement of species for
connnunity forestry and individual sinaltholder planting. In addition to many
cucalypts, specific cases of multipurpose trees have been treated inter alia by
Brewbaker (1982, Leucaena in Hawaii), Leakey et al. (1982, Triplochiton in West
Alrica), Wattle Rescarch Institute (1982, Acacia in South Africa). For rational
and efficient breeding strategies, information is required on the extent and
pattern of natural genetic variation (see Solbrig et al., 1977, for use of isozyme
techniques in - determining  genic variation in Prosopis). Much of this
information should be gathered at the exploration and evaluation phases
deseribed carlier in this document. Three main problens arise in breeding
multipurpose trees in comparison with traditional industrial trees. Firstly the
bases of genetic material and genetic information are restricted; many existing
trees and plantations have been derived from parents of unknown origin or
ancestry,

Sceondly, the breeding of any crop for multiple characteristics is difficult in
threee aspeets:- For a given selection intensity the rate of improvement of any
one trait declines as additional characteristics are included; the derivation of
selection indices is complex mathematically; techniques are not well developed
for rapid assessment and large-scale screening of some traits,



30

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

Over all these problems lies the common constraint of inadequate professional
and technical staff. Considerable enhancement of national capabilities is
required and strategies should be developed for resource sharing through
internationally coordinated breeding pools and programmes.

ELEMENTS OF POSSIBLE STRATEGIES IN MEETING
INTERNATIONAL NEEDS FOR MULTIPURPOSE
TREE GERMPLASM

Itis not the purpose of this document o propose strategies whether national or
international; that is the object of the Workshop and of the FAQ I'anel of
Lixperts in Forest Gene Resources. However, it may be useful here to indicate
some considerations to be borne in mind and some possible lines of action.
Lventally any increased activity depends on more staff, skill, equipment and
hence money. The following provides a cheeklist of opportunities for investing
limited resources.

NATIONAL AND INTERNATIONAL PROGRAMMES

It is gencrally recognized that emphasis should be given 1o strengthening
national capabilitics and not o creating new international institutions (World
Bank and FAQO, 1981). However the value of internationally coordinated
activities in exploration and evaluation can not be overstressed (e.g. CFI,

CSIRO, CTFT, DFSC, FAQ, IBPGR, NAS, NFTA).

TWINNING AND NETWORKS

Where a major international programme is impossible or inappropriate,
twinning between two or more institutions with a common interest (species,
techniques or product) may economise on financial or skill resources. The
coordination of such networks could be an activity of the TUFRO special
coordinator for developing countries or of existing agencies such as FAO and

ICRAF.

GROUPING OF ACTIVITIES BY PLANT TYPE, SPECIES,
GEOGRAPHY OR ENVIRONMENT

The Nitrogen Fixing Free Association is an excellent example of a group of
institutions and individuals working on a common set of species. The Neem
Free Institute is an example of single species concentration (see eg.
Radwanski, 1981). The FAO/IBPGR project is an cquivalent example of
attacking a problem at the level of an environmental type (arid zone), When
many potential species oceur together within a country or region a geographic
concentration of effort may be preferred (e.q. CATIE and CFI collecting
many species in Central America). With such large numbers of nuiltipurpose
trees available, sewing priorities for different environments 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).
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TAXONOMY IN EVALUATION

Adequate exploration requires taxonomic study in the natural range.
Faxonomie support is also needed at the evaluation stage in exotic conditions.
Good collaboration is required between stafl in herbaria (e.g. ilew or New
York Botanic Gardens) and foresters or agriculturists making field collections
or assessments; some subcontracting of rescarch may be appropriate, e.g.
biochemical analysis.

ASSESSMENT

The ICRAF/NAS/CFI manual now in preparation describes a large number
of characters that may be of interest in evaluating multipurpose  trees.
Research is needed on some of these to deternine standardised methods of
assessment (e.g. toliage production or chemical contemt). Reseaveh is also
needed to determine the applicability of growth chambers or other controlled
environments to measuring juvenile characters that are correlated with
mature chaiscters incthe field and that permit early evaluation.

DATA AND INFORMATION MANAGEMENT

Consideration should be given to the development of standard formats for
data collection and compatible methods of computer-hased data exchange (for
dati on seed origins and on field trials). Encouragement should be given (o
publication and dissemination of results and the compilation of bibliographies,
reviews and monographs. Also unpublished data or results from carly research
should be reviewed. Leading centves may be identified as the databanks for a
given species or geographic region.

CONSLERVATION

For the major species of interest efforts must be made 1o identify and conserve
populations threatened  with genetic impoverishment, and to deterniine
optimum strategies and funding lor their genetic conservation whether in situ
or ex sitw. The latter may require development of storage methods for seed,
pollen and/or tssue cultures (e.p. various TUFRO rescarch groups or
specialised centres).

INVENTC "V 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, it is clearly not an exhaustive list of cuvrent activities. Such an inventory
of institutions, their activities, their principal species and products, and their
available information is desirable to publicise carvent knowledge and 1o
minimise  unnecessary  duplication ol research. The compilation  and
maintenance of the inventory would be done by expanding  current
organizations sach as FAO, ICRAF, ITUFRO Secretariat or NFTA. IBPGR
already publishes directories of germplasm collections for s major crops {see
e.¢. Willims and Dammania, 191, for cacao, coconut, pepper, sugarcane and
tea) and eventualiy similar directories will be required for multipurpose trees
and shrubs.

STAFF DEVELOPMENT

In addition to current awareness that could be provided by the inventory
suggested above, there is a need for additional staff and specialised training
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that can be offered by traditional university courses and by modern 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 study 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 basis once major
species of widespread application are identified. Similarly lists of suppliers are
required. Consideration should be given to the ereation 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 ol publishing the benefits
and encouraging/enforcing the use of such instruments,

CLONAL PROPAGATION

Organizations currently researching on rooted cuttings should be encouraged
to expand their choice of species 1o include multipurpose trees.

GENETIC IMPROVEMENT

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



Table 1.
Authors Date Seope
FAO (In Global fuelwood and
prep.)  other uses
Bauer (1982)  Eight site types in
Honduras
FAO/IBRD  (1978) Nepal
Koivisto (1979)  Asia-Pacilie
Laurie (1974)  African savannahs
Subdesert
Dry tropical
Semi humid tropical
Humid and equatorial
Fenton e al. (1977)  Lowland tropical
hardwoods
Adams et al.  (1978)  Arid and saline
FAO/IBPGR  (1980)  Arid and semi-arid
von Maydell  (1981)  Suhel
Dehwaulle (19749)  Dry tropical Africa

Goor & Barney (1970)  Arid

Brewhaker (981 | Tropical legumes in
el al. agroforestry
Vergara (1982)

NAS SR I

Butley {1980.) Glabal firewood

Boland and

Turnbull (1981)

Lavoie (1981)  Energy biomass

Webh e al. 1980y Global iultipurpose

Fdwards (1984) - Malawi multipurpose

Barrow (1983, Kenva multipurpose

Owino (1983)  Kenva nitrogen fixing
and mulupurpose

NAS 1982y Sahet

Lessard and 1980y Bammboos

Chouinard

Varmah and — (1981)

Pant

Le Houdrou  (1980)  Browse sprcies,
North Africa

Johnson (1983)  Palms

Sample sources of lists of multipurpose species

No. of genera
or species

65 genera
128 species

30 species
21 genera

91 species

13 genera e

5 genera bambeoos

2 agric. industrial woody sp.
I3 potential untested sp,

10 species, b ger era
9 species, 6 genera
19 species, b genera

L5 species, 7 genera

23 species
It genera

45 indigenous tree species
53 intoduced tree species
65 indigenous
24 introduced

13 species, + genera

L16 species
163 species, 116 genera

53 species
26 species, 12 genera

60 species selected list
650 source list

L species and genera
31 genera, 288 species
166 species

0 spedies and/or genera
57 species

7 species, 46 genera
84 species

41 species, Mal wsia
22 species, Indonesia

Many species, A-P region
Many species, India

4 species

4 species domesticated
19 species incipient
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IDRC

Whitmore

Halliday and
Nakao

(1979) Rattans

(1980) Many groups and
purposes

(1982)  Legumes

Brewbaker and (1982)  Nitrogen-fixing trees

Styles

Kessler
Okafor
Khosla

(1981)  Fodder, Nepal
(1980)  Food and fodder, Nigeria
imalayan
multipurpose

Various specices for
Asian countries

1000 species

43 species A’ list
50 species B list
24 species
31 species

31 species

8p

8q
8r

8s



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, bibliograghies, monographs,
manuals and data bases)

Natural range

Species natural distribution Vv
Population variation
Species taxonomy Vv
Physical exploration

(map, seed, herbarium, samples,

etc.) v v v Y v
Conservation N N

L4
<L

<L
L
L
L4
L
L4
L
L

Exotic conditions

<

Seed/fruit problems
Seed/fruit needs
Environment where planted
Trials of species

T-:als of populations

Growth and yield of products
Other benefits

Technical properties v
Managerial characters
Conservation N
Breeding

<L

L4 <
<L
<

L &

4L
S N R R NN

2.2
2.2
2 Qe el 2l 2
L e el
PR R TRRS
22 22 4 2 22 2

og



Published and ‘‘grey’" literature

Publications of manuals, monographs,
bibliographies, abstract services,
reviews

Education and Training

v v Vv VY

1.

N

Arboretum

Herbarium

Xylarium

National institutions

Al

B
C.
D.
E

Seed bank

Forest department

Research insiitute

University

International support programme

e.g. ANU, CFI, CTFT, NAS, TPI

International institutions

A.  Research institute e.g. CIAT, IITA

B.  Regional organization e.g. CATIE

C.  Specialised organization e.g. FAO, ICRAF, UNU

Donor agencies e.g. ADB, IDB, WB, bilaterals

Recognised information/documentation services

e.g. AGRIS, CAB, CATIE, ICRAF

IUFRO

9¢
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Planned and completed provenance collections 1978-82
(FAO/IBPGR)

Source: FAO (1981¢)

COUNTRY

SPECIES

OBSERVATIONS

Australia

Fucalyptus camaldulensts Dahnh.?

. microtheca Fo Muall

Acacia anewra F. Muell. ex Benth.

I new provenances collected for praject
with speeial emphasis on arid zones.

73 seedlots, grouped into 21 S provenance
groups™ for first-stage evaluation
according to climatic conditions.

5 provenances collected by early 1980

Chile Acacta caven Mol
Atriplex repanda Phil.
Prosopis tamarugn P. Philippi
Provopis sp. (" Alearrobo™y - Mav indude several species, £
atacamensis, P sliguastrum, P chilensis, P,
hurloartir,
India Acacia milotrea (1.) Willd. ex Del. sspotndicalvar, cediana
var. yaguomontrf
var. cupressiformies
A senegal (1. Willd. “Land Race”
A torndny Havne “Land Race™ according 10 some sources
may in tact be Ao raddiana Savi.
Prosopts cinerania (1..) Droce
(syn. I spcagera 1,
Israel Acacta albida Del.

A raddiana Sav)

Gy A tortadn (Porak)y Hayne ssp.
raddiana (Savi) Brenan)

A terndn Havae

(A ol Porak) Havne ssp.
torteley (Havne) Brenan)

Mexico

Antnplex caneveens
Prosopts spo (*Mesquue'™)

May include several species, I juliflora;
P plandulosa, P alba, P. torreyana.

Peru Prosofns sp. (' Algariobo™™) Mavinclude several species, P chilensis,
I Alimensds. Pojubiflora.
Senegal Acacra albrda De. vag. adansonn
A mdotica (1) Walldl ex. Del.
A raddiania Sav
A senegal (1) Willd
A tortdiy Hivne
Sudan Avacra nilotica (V) Willd. ex. Del. ssp. nilotica
sSSP Lomienting
SSP. Il\[’l”[:f’“
Acacra torilny
PDR
Yemen Prosopis cinerana (Ly Drace

Acacta milotica .y Willd, ex. Dl
A senepal (1.) Willd,
A tortilny Prayne

“land Race”

I. Collections completed and distributed for ey aluation.
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APPENDICES Appendix |

Loss and Creatien of Tropical Forests

Table 1.1 Regression of Tropical Moist Forests

(million hectares)

SUB-CONTINENT Moist forest Moist forest Regression as
climate area actual area Regression percentage of
climate area

East Africa 25 7 18 72.0
Central Africa 269 149 120 44.6
West Africa 68 19 49 72.0
TOTAL

AFRICA 362 175 187 51.6
South America 750 472 278 37.1
Central America 53 34 19 35.8
TOTAL

LATIN AMERICA 803 506 297 37.0
Pacilic Region 48 36 12 25.0
South East Asia 302 187 115 38.1
South Asia 85 31 54 63.5
TOTAL

ASIA 435 254 181 41.6
TOTAL

WORLD 1600 935 665 41.6

Seurce: Sommer (1976)

Table 1.2 Tropical Lands Recently Undergoing Severe Desertification!
and Estimated Annual Rates of Desertification? (ha x 10%)

Region Total Desertified  Area Land Type Desatification p.a.

Latin - America 701,800 Irrigated Land 500

Alrica 085,000 Riange 18,000

India & Pakistan 170,000 Rain-fed Crop Land 2,000
1,556,800 20,500

Sources: 1. UN (1978)

2, Dregne (1980)
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Table 1.3 Tropical Lands With Potential for Reforestation (ha x 10%)

Region Logped Forest Deforested Desertified All Lands
Forests Fallow Watersheds Arid Lands
(1) (2) (% (4)
Latin America 53,487 65,732 27,500 701,800 848,519
Africa 42,848 58,725 3,000 685,000 789,573
Asia 59,847 56,587 36,500 170,000 342,934
156,182 181,044 87,000 1,556,800 1,981,026
Sources: FAO (1981a), UN (1978)
I Almost 905 of these are tropical moist forests
2. Al are in tropical moist forest arcas
3. The area of Deforested Watersheds is only a vought estinnne. It has been included in *All
Lands’.
+. Savanna and arid land.

Table 1.4 Estimated Areas by Reforestation Classes (million hectares)

Logged
forest

Fallow
lands

Watersheds

Areas of
desert-
ification

Line planting
Enrichment

Dense planting
Assisted regeneration
Conservation
Taungya

Taungya

Dense planting
Assisted regeneration
Conservation

Social forestry

Dense planting
Social forestry
Clonservation

Mountain:

Run off irm gation
Full irrigation
Social forestry

Ruin fed plantations
Dune planting
Conservation

Source: Wood et al. 1982

Latin
America

Area (inha)

(53 mha)

l}:|
10 5.3

0 0
] EE}

5 2.7
60) 31.8
10 a3

(66 mha)
l/';

5 3.3
20 13.2
10 6.6

0 0
65 12,9

(28 mha)
[¥4

st
10 2.4
1o 2.8
#o 22.4

(702 mha)

o
10 70.2
( 0
4] 0
0 0
20 1404
0 0
70 191 .4

Africa
Arca (mha)
(43 mha)

<,
20 8.6
30 12.9
20 8.6
95 2.2
] 2.2
20 4.0

(5 inha)

e

5 3.0
4 24.6
10 5.9
20 1.8
25 14.8

(3 mha)

II';
30 0.4
20 0.6
50 1.5

(685 mhi)

l;{'
4 274
4] 3.3
! 6.9
20 147.0
th 102.8
5 343
30 3425

Asta
Area (mha)
(60 mha)

e
15 9
10 6
15 9
30 18
10 6
20 12
(57 mha)
it
30 17.1
35 20,0
5 W
0 0
30 17.1
(57 mha)
o
30 17.1
50 28.5
20) 1.4

o
] B.5
i 8.5
i 4.5

6l 102.0
0 D]
3 8.5

20 31.0
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Appendix 2

Areas of the Tropics with Fuelwood Deficits, 1980 and 2000

Africa

Acute Scarcity

Deficit

Latin America

Acute Scareity

Deficit

Asta

Acute Scarcity

Deficit

(i)
(i)
()
(i)

(#)
(i)

()

(i)
(i)
(i)
(iii)

Arid arcas
Montane/island areas
Savanna arcas

High forest

Andean plateau

Arid west S, America
& densely populated

arcas

Populated Semi-Arid

arcas & Andean zone

Montane arcas
(mainly Himalayas)
Plains

(mainly Indo-Ganges)
Plains & Islands in
S Asia

Other growing areas with

fast
growing populations

ALL TROPICS

Deficit Equivalent Plantation
{million m?) Area (ha ~ 10%)
1980 2000 1980 2000

-6 -10 1200 2000
~-40 -70 8000 14000
-66 -185 6600 18500

- -3 250
-112 =270 15800 34750

-2 -1 400 800

-9 -15 1800 3000
-36 -117 7200 23400
-47 -136 300 27200
-38 -60 7600 12000
-90 ~1406 9000 14600

~120 -265 6000 13200

- -18 3200
-248 =319 22600 143006
-407 =925 47800 104950

Source: FAO (1981h) and Wood et al. (1982)

NB  Areas of fuclwood plantations equivalent to the above deficits have been ealeulated by the
authors using assumptions as to practical productivity in different arcas
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Africa
Asia
Latin America

All Tropics

Areas of Tropical Forest Plantations 1980

(ha x 10%)

el wi
* ] S .2

= =1
£ 3 z &
g 2 Tr
= g5
[x} T o=
£ =, TFE
% — - -
g g $Ed EI
z E :E 2z
2 g T EE ES
g 3 S 3iT — .8
= & = TE &,
~ —_— — — =
= < ] =2 £
£ E t ET C
= [ 2 58 ==
= 5 < << =
“ £ £ L8 TR
L7790 996 436 345 203
5,111 3502 2896 1,075 1,103
1690 2568 997 997 66

1L510 7,966 4,349 2517 1,372

Source: FAO (1981a) and Wood et al. (1982)

Non-Industrial Plantations

783
1,609
2,052
4,444

Appendix 3

Average Rate of Afforestation

1976-80 per annum (All Ptns)
Average Rate of Afforestation
1981-85 per annum (Projected)

93 126
+19 438
410 535

922 1,099
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Appendix ¢4

“ontrolled runoff,
[water supplies,

rotection

Ecology and

Ecolagical effects

wildlite conservation

—

—[Agricultural uses

—{ Building poles

Soil erosion

irrigation, soil fertility
Xygen

Recreation, tourism,
national parks, protection
of endangered species of
tora and fiung

Windbreaks, shelter belts,

control

dune fixation, reclamation
of croded Jands

Fuelwood and charcoal ‘}-—

‘ooking, heating, and
household uses

[Shifting cultivation, forest

urazing, nitrogen fixation,
mulches, fruits and nuts

Honsing, buildings,
anstruction, lencing,

Pit sawing and

Indigenous consumption

sawmilling |

[ Weaving materialsy

Joinery, furniture,
onstruction, farm buildings

Ropes and string,

haskets, furniture,
lurnishings

Sericulture,
apicultuze, eticulture

s honey, wax, lae

Special woods and
ashes

larving, incense,
hemicals, glassmaking

Guins, resiny, and

Naval stores, tannin,

otls

turpentine, distillates,
resin, essential oils

Reduction agent for steel-

Charcoal

making, chenicals, pulyvinyl
hloride (PVC), dry cells

Poles

Industrial uses

Source: World Bank (1978)

1 Residues

I'rinsmission poles,
pitprops

Lumber, joinery, furniture,

Sawlogs

packing, shipbuilding, mining,
construction, sleepers

Veneer logs

Plywood, venecer furniture,
CODLANeTs, construction

Newsprint, paperboard,
printing and writing paper,

Pulpwood

ontainers, packaging,
dissolving pulp, distillates,
textiles and clothing

Particle board, fiherhoard,
waste paper
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Appendix 5

Forestry Research Needs in Developing Countries

Source: World Bank and FAO, 1981

This is an ‘indicative’ and ‘non-comprehensive’ listing of research priorities,
The topics identified are given as examples of the likely main arcas of concern
in the coming decade.

(i) Forestry in relation to agriculture and rural development

(A) Sociological and institutional research

Knowledge of the natural environment by forest societies
Data on the infrastructure of human societies in the forests
Determination of perceived role of trees and forests in
rural welfare

Origin and solution of contlicts for land

Determination of acceptability and response to innovative
systems

Definition and testing of incentives to incorporate trees
Guidelines for project preparation

Extension niethods

Institutional aspects

Feonomic returns from alternative farming systems
incorporating trees

(B) Farming systems using trees

1.
2.
3.
4.

(]

2]

7.
8.
0.
10,
1.
12.
13.
14

15.

Liffects and systems of intercropping, including animals;
identification of potential agro-forest combinations
Mycorrhizal and other microbiological relations
Mulching effects on soil chemisiry and structure
Limpact on soil fertility of burning manure and crop
residues

Ground preparation (espeeially arid and degraded sites)
Soil putrients (especially nitrogen and phosphorus,
salinity)

Moisture relations

Irrigation

Sand dune stabilization

Shelterbelts

Choice of species and provenance

Sced collection, storage, testing, zonation, certification
Silvicultural treatment (coppicing, pollarding)
Vegetative propagation

Potential tree breeding

(C) Watersheds (catchments) and range management

l.
2.
3.

Farming systems appropriate for upland arcas
Alternatives for fodder production on and olf farms
Improvement of alpine pasture lands
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. Impact of land use on water yield, quality and timing

Impact on strcam flow patterns of shifting cultivation

Cost and effectiveness of watershed management

Determination of run-off rates and sediment yield

. Carrying capacity and grazing control to maximise range
production

9. Least cost approaches to range improvement

10.  Improvement of savanna range lands

I1. Improvement of arid zone range lands

N - N

(D) Wildlife in relation to rural welfare

1. Lcological monitoring of animal habitats

2. Animal population dynamics

3. Sociocconomic aspects of the place of animal products in
rural life

(ii) Forestry in relavion to energy production and use

(A) Silviculture of biomass/fuclwood species and systems

1. Choice of species and provenance

2. Tree breeding

3. Sced rescarch

4. Vegetative propagation, tissue culture, cell genetics
5. Ground preparation methods

6.  Silvicultural methods

7. Pests and discases

8.  Fire control systems

9. Effect of repeated cropping on soil

(B) Yield, harvesting and properties

1. Yield assessment

2. Harvesting and transport methods
3. Density and calorific value

4. Chemical content

(C) Industrial research related to village technology

1. lmproved stove and crematorium design

2. Improved fuelwood and charcoal preparation methods

3. Small-scale crop processors, generators, wood preservation
4. Use of residues

(D)  Comparison with alternazive fuels (social, technical and
cconomic efficiency)

(Y  Wood-based derivatives
1. Pyrolysis

2. Gasilication

3. Pelletization

4. Methanol, ethanol and liquid fuel technology
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(iv)

ii) Management and conservation of existing resources (mainly

natural forests)
(A) Resource survey
I. Land use planning methods
2. Soil and land use survey and evaluation
3. Land mapping according to the ecological potential to
sustain population
4. Monitoring changes of forest area
5. Inventories ol accessible natural forest

(B) Conservation
1. Methods o identify and quamtify unique biotic
associations

2. Mecthods o conserve genetic resources and ccosystems
3. Monitoring changes within ccosystems and species

4. Policy and legal aspects of conservation

5. Underlying ccological and biological processes

(C) Silviculwral systems for natural forests
L. Biological limitations 1o the transformation of tropical
forest ccosystems
2. Impact of different types of utilization
3. Natural regeneration
4. Arficial enrichment

(D) Whole wree use
I. Harvesting
2. Utlization
3. Effects on site

(E)  Use and marketing of secondary species
Industrial forestry

(A) Silviculture and management
. Choice of species and provenance
2. Sced collection, storage, testing, zonation, certification
3. Vegetuive propagation, tissue culture, cell genetics
4. Tree breeding

3. Ground preparation

6. Spacing, weeding, thinning, pruning

7. Ferilizaton and soil nutrients

8. Mycorrhizal and microbial relations

9. Integrated pest management

10, Fire control systems

(B) Wood properties

1. Anatomical

2. Chemical

3. Physical/mechanical
Pulp, paper, boards
5. Composites
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Appendix 7

Definitions of Terms Associated with Social Forestry
Source: Burley and Wood, 1983

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

Social forestry includes communty forestry in which the planning, establishment,
management, harvesting and marketing of forests, trees and their products are
carried out cither 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 individuals. Tt also includes farm Jorestry in which
individual land owners (encouraged by training, extension programiues,
demonstrations and incentives) plant trees in farm woodlots, contour or
boundary lines, or intermixed with agricultural crops.

Strapy planting (referved o in India as extension Sorestry) is also included in social
forestry and refers most commonly 1o the planting of trees on the sides of
roads, railways and canals,

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

Rekabilitation forestry concerns degraded forests and soils and it may have
both direct productive benefits and indireet social henefis (e.g. releasing more
land for agriculture, renewing supplies for local industry, improving dry
season grazing, reducing soil loss, efc.)

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

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

Agroforestry, embracing agrisilviculture and perbaps better called *“land
husbandry™ (Stewart, 1981), is a collective term for systens of land
management and technologies that incorporate: mixtures of annual and
perennial crops and animals (which mav range from insects o nammals) in
cither space or time for sustained production with management practices that
are compatible with local culture, (For further definitions of agroforestry see
ICRAF, 1979, Anon., 1982; Lundgren, 1982 )

It is most unfortunate that in many countries the term has been taken to be
synonymous with cither social forestry or farm forestey (e.g. India; see
National Commission on Agriculiure, 1976; Joshi, 1982). Agroforestry is only
one set of ind management systems parallel with pure agriculuural or pure
silvicultural systems. According to whether it is appropriate or mappropriate
to local environmental and social conditions it may or may not be used in
social forestry.
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Appendix 8a
Species of First Priority for Fuelwood and Other Uses.

(E = endangered in parts of range. * = some wor! in progress. 1-3 =
priority order.)

Industrial Fuelwood  Other Uses
Wouod
Mexico
Atriplex canescens - 2 1
Cetba pentaridia 1 - |
Cordra alltodora | - 1
! cucaena sp. - | i
Pinus douglasiana 1 - 1
P lewophylla 2 - 1
P muchoachua | - 1
P montezumae 1 - 1
P oocarpa | - 1°
P patula 1 - 1°
P preudistroh 1 - l*
P strobus var. chuapensis 1 - 1
Prosopis yuhiflora 2 | 1*
Brazil
(B Anadnanthera macocarpa - 3 3
(L) Antba ducker - - 3
(V) Arawcana angmstijolia 2 2 -
Asprdosperma pyrtfolium - 3 3
(EY Astronium wrundews a 3 - -
() Berthollethia excelva 2 - 3
Carsalpanea prramidalny - 3 3
Cavva exceha - 3 3
Dalbergia cearenny - 3 3
(F) Hex paraguarensis - - 3
(E) foannevia princep, 3 - 3
(E) Mimosa cesalpmtolia - 3 3
A scabrella 3 3 -
(E)AL tenrocuna 3 3
Parkia platicephala - 3 3
DPithecellobium parvifolivm - 3 3
Podocarpus lambertnn 3 2 -
(%) Sthinopars brasitliensis - 3 3
(E) Tabebura impetiginosa - 3 3
Torresta cearensny - 3 3
(E) Zevherin tuberculona 3 3 -
Caribbean, Central and S, America
(except Brazib and Mexico)
(Foydeacta caven - 1 I
(1) Al jorublensny 3 - |
(L) dtnple repanda - | I
Capparts angulata - - 1
Cedrela vdoratn 1 - |
Cordia alliodora 1 - 1
Lencaena levcocephala - 1 1

Source: FAO Panel ol Experts on Forest Gene Resources, Fifth Meeting. Supplied by Miss C,
Palmbery, FAQ), Rome, Haly.
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Pinus caribaea var. bahamensis
P. caribaea var. hondurensis
P. caribaea var. caribaca

P. vocarpa

P. pseudosrebuus/tenuifolia
Prosopis atacamensiyv

P. ourkartii

°. chilensiy

’. juliflora
P. limensis
P. siliquastrum
P. tamarugo

~

Mediterrancan, S, Europe, Near East

(E) Acacta alhida
A. milotica
A. raddiana
A tortills
Cupicssus semperodreny
Picea omonica

(E) Pinus pinea

(E) Prosopis cinerarta
Quercus suber
Tetrachnas articuluta

(E) Ulmay wallichiana

South/East Asia

Acacta milotica

A mangtum

A senegal

A ol

Albrzta falcataria

A Adebbeck
Azadracia indica
Bimis (Bambwsa, Bendrocalamus, ele.)
Bombax cerha
Fucalyptrs urophylla
Gmelina arborea
Litsea sp.

Octomeles sumatrana
Palaguium sp.
Parkia sp.

Pinus kestya
P.omerkusi
Prasupiy cinerana
Rhizophora sp.
Santalum album
Stndora sp.
Syzygium sp.
Terminaita sp.

North, North-Fast and Central Asia

Alnus nepalensiy
Cedruy dradara
Cryptomeria japonica
Flaeagnus angustifolia
Fokiema hodgin
Gmelina arhorea
Haloxyton ammandendron
H. persium

Hivctum verum

Melta azedarach

Al toosendan

—_—— e ——
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1°
1*
1°*
1°
1°
1*
1*
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I
1°
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Mesua ferrea

Metasequotu glyptostroboides
Paulownia fargesit

P. tomentosa

Pinus kesiya

P. koratensis

P. massoniana

P roxburghii

P. sylvestris var. mongolica
Pseudolarix amabilis

Toona sinensis

Africa

Acacia albida
A. nilotica

(E)A. raddiana
() A tortalis

A, senegal
Invingia gabonensis

Australia

Acacia aneura

A auricudiformis

A oylups

A, saligna

Casuarina cunninghamiana
C. equisetifolia
Eucalyptus camaldulensiy
k. atrivdora

E. clveztana

E. globulus ssp. globulus
I globulus ssp. maidenti
L. microtheca
k. radiata

" lereticornis

— e e e e e e e g
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;\lglan(ul(: para las principales zonas de Calidad de la madera (2)
ESPECIE FAMILIA
bh- | bs- | bms-jbmh-| bh-| bs- | bh- jbmh-
T T ) P Pl PIMB| MB| Lc | As | Po | Ch | Pu
Acacia auriculiformus Leguminasar X X + O +
Albiza falcata Leguminosae X X (o] + +
Albizia lebbck Lepuminosce X 2 X X X X + +
Alnus acuminata Betalacear X X X + + + +
Azadirachta indica Meliacear X X - + | -
Calliandra calothyrsus Legurninosae X X X X + +
Casuarina equisetifolia Casugrinaceae X X X X X X + o+ + 14 +
Cordia alliodora Horaginacr :v X X X + |+ +
Enterolobium cyclocarpum Leguminosur X X X X O + +
Euwcalyptus camaldulensis Myriceear X X X X + 4 O} «+ O
Eucalyptus cutriodora Ayrtacear X X + o+ + ]| 4+ O
Eucalyptus grand:s Afyreccear X X X b + o+ Oy -+ O +
Eucalyptus robusta Myrtaceze X X 2. + + O
Eucalyptus saligra AMyrtacece X X + + | o+ O +
Eucalyptus teveticornis Afyrtacer X X X X + +«+1 O O
Clincidia sepium Leguminosar X X X AN X X . . | +
Gmelina arborea Ferbenacear X X X X O + + +
Cereztllea robusta Froteacear X X h X + + +
CGuazuma ulmifolia Sterculiceear X X X X X + + +
Inga vera . Leguminosce X X X X X + O
Lewaema leucocephala Leguminosar X X X X + 4+ 0] + +
Pinus caribeea var, hondurensis Prnacear X X X X X (o] + + +
Pinus maximinor Pinacear X X X O + 24
Pinus oocarpa Pinacear X X X X X X X + + | + +
Sesbania grandiflora Leguminosar X X X X O +
Stretenia macrophylla Melracear X X X X X + o+ +
Tabebuta pentaphylla Brgnontacear X X X X X - + +
Tectona grandis Ferbenccear X X X X X +h+ 4] 4 +
Terminalia tvorensis Combretacear X X + + (o]
Terminalia superba Combretacear X + + o]
(1) Véanse las observaciones sobre el #20 del formato.,
{2) Lc = Lenay/ocarbén + + = muy buena
As = Aserrio + = buena
Po = Postes o = regular, con limitaciones

Ch = Chapas, laminas
Pu = Pulpa para papel

Source: Bauer (1982)
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Appendix 8a
List of Recommended Species of Trees and Shrubs
for Nepal Comm unity Forestry Development Project
Source: FAO/IBRD (1978)
Glossary of abbreviations on the use of tree species.

Capital letters main use

i

Small letters potential use

E ¢ cedible
Ff firewood
G ¢ gum/resin/tanning/lac/silk

H h hedges

| B small timber, implements
L1 lopping for animal fodder (or breeding)
M m medicinal/religious material

O o oil seed
R r fibre/ropes
S s soil improvement/erosion control

T 1 timber

Distribution of species
X mainly occurring in the ecological range
X occasionally occurring in the ccological range

(N) new species to be introduced into Nepal
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Latin Name L E = Nepaly Name s|EVRIT] 5% Unlization
~uvu . al sl B A o
A (English name) [ 2155 | 5| 28] (see legend)
- SlalrlniQl
Feulogy
Abies sp. 1 Tingre salla N[X (XX fr
Acer sp. 1, 2 | Phangaru N([NIX NX| LFt
Aesculus indrca 1 Lampatte phangaru X Lr
Albizia mollss 1 Siris X [X L1t
Alnus nepalensiy 1 Uus N X X| LFs
Artocarpus lakoocha 1 Badahar X (X X | ELIf
Arundmaria sp. (3) Nigalo (mountain
hamboo) XX LIS
Bassa butyracea ! Chiuri XX X | EfION
Hassia /u/://i//m 2 Mahuwa NIN[IX X | EIOIN
Bavkinwa purpurea 2 Tanki XX X LilFgS
Baukina tartegata 2 Koiralo XX X ELFigs
Betula utrles 2 Bhoj patra N[X LEFImrSt
Bravsaropsis alpna 2 XX Lf
Branatopsis glomerulata 2, 3 Chuletro XX L1
Buchanana latifolia 2 X X EgS
Buddlera sp. 2 Dhurse XX L.
Butea frondosa 2 Palash X X LIIRMGS
Coryluy colurna 2 (hazelnut) X X | Efil
Coryluy avelluna (\') 3 (hazelnut) XX X Eid
Castanea safiva (N') 1 (chestnu) XX EAE
Cavtanoghey hniny I Patle katu XX NIX| elFTs
Cavtanopses tndva 1 Dale kat. X N|X| EIFTs
Castanopsey trebulorde I Musuri katus XX NN elFTs
Cedrelu toona 1 Tooni XX X| FT
Coedrus deodara 1 Debdar X N[N Hr
Choerospondias axillariy 1 Lapsi XXX N[X| Ed
Cuprenir torulosa ! Dhupi N{N[MNIX Frr
Dencrocalums hamiionse (2) Bans (hamboo) XX clfIMS
Flaevcaspus s, 1 Rudraksha N X M
Frythrina arboreicens 2 Phaledo XX N[X| LFS
Fugenia jambolana 2 Jamun NN N| EF
Fuphorbua sp. 3 Sthundi, sija XXX NN Hs
FLursa cerasifolia Pate X l.
Ficus elatata Borulo godilo XN Nj L
Fircus platerrima | Pakhun XX N L
Ficus nemoralis 1 Dudhilo X|X|X N L
Ficuy roxburpher 1 Nemarro NIRR X{ LE
Ficws semicordata 1 Khannim NN X| Le
Fraxens sp., 1 Lankuri XX X1 LTF
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s L\" - (English name) 5. g E g DC‘ é—’ (sce legend)
Lrology
Grewta sp. 1, 3 Bhimal X |X XX EFLRIS
Hippopar sp. 3 Armalito NIx X EHS
lex sp. 2 Bhokre XX X|X| L
Suglans | Okhar XXX X1 ETFM
Juniperus sp. 1, 3 X[IX|X s
Lary sp. ! Langtang sallo N|XIX| Tfs
latsea citrata 2 Sil timur N|X XX | elFM
Latsea polyantha 2 Kutmira N |[X XX | LFt
Mackilus odorotiviima 1 Ehate kaulo N |X LF
Mela azedwrach 2 Rakaino XX Ft
NMickela champaca 1 Chanp, Tsampo XX X | LTMo
Aichelia doltsopa 1 Sated chamyp N|IX X| LTF
Mortnga plesygosperma () 2 XX X1X| ELOs
Moruy alha 1 Oeshi kimbu XX ELfG
Sorus rugra l Kimbu XX ELIG
Mucuna macrocarpa 1 Heldyangro X [X L.
Olea ctoprdata 2.4 XX N L1(0)
Lcea sp. | Jhule sallo NN |X[X]| TS
Lhstacta intepersinm 3 XX (e)Ifs
Lrerts vealifolia 2 XX X by
Linus exceha 1 Pingre sallo N|NIXIX] Iy
Ly roxburghn 1 Aule sallo XX X([X| Ty
Liny gerardana 2 (Chilgoza) X [NIX LLFS
Loputuy ciliata 1 Bhote pipal NIX|[X[]FS
Loprlus euphratica () 1, 2 NIX[X XXX dFs
Pyemna barbata 2 Ginderi (?) X X LI
Prancepr utrlis 3 Dhatela XX X CSh
Lrunus ceravordes 1 Painyo N[x X | LFt
Lrunuy packus 2 Dur kaphal XX Lf
Pyracantha crenulata 3 Ghangaru XX X H
Iyrus pashya 1 Mayel, Naspati Xix X | Eft
Quercus incana 1, 2 Banj X|x X (X[ LtF
Quercus lamellora 1, 2 Falant X[x XX | LtF
(uercus lanata I, 2 Banj N|x X[X] LtF
Quercus semecaspifolia 1, 2 Khasru NN |X|X]| LtF
Rhododendron sp. 2,3 Lali gurans XX r
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Feology

Rhus javanica 2,3 Bhakimlo XX I.f
Rhus succedana 2,3 Bhalayo XIx X|X| LfG
Salmalia malabarica 1 Simal X|X X| TFM
Salix sp. 13 Bains X{XIX|X|x{ Lif
Sauraupa nepalensis 1 Gogan X L
Schima wallichiy 1 Chilaune X X | LItF
Sehleschena trijuga 1 X X [X] EoGIFts
Shorea robusta 1 Sal X X|X| TIFm
Sorbus sp. 1, 2 Maile X[x LtF
Symplocos cratacgoides 1 Lodh XX LF
7suga dumosa 1 Tingre sallo X[IX{X]|X]| Tif
Frburnum coriaceum 3 Pitho char X[x L
Fitex negunds 2,3 X ITh
IWoodfordra flonbunda 2,3 XX IN]
Xylosma controversum 2 Maidallo X L
Ziziphus jupuba 2 Bayer, Jujube X|[X X ELHtFSmg
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Appendix 8b

Species or Genera Recommended for Asia Pacific Region

Source: Koivisto (1979)

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

Conifers Pinus caribaea
P. kesiya Wetter, hotter
P. merkusit tropics
P. ovocarpa
P. nigra var. maritima
P. ddarica Drier, West Africa
P. griffithii
P. roxburghii
P. densiflora Cooler, East Asia
P. koraiensis
P. elliottis Cooler, higher
P. patula altitudes
P. radiata

Hardwoods

Agathis dammara
A. macrophylla
A. obtusa

A. robusta

Araucaria cunninghamiy
A, hunsteinis

Cunninghamia lanceolata

Albizia falcataria
Gmelina arborea
Fucalyptus camaldulensis
E. deglupta

K. grandis

E. saligna

E. Aereticorns

Swietenia macrophylla

Tectona prandis

B. Multipurpose forestry species (known in the region)

Acacia auriculiformis
A. catechu

A. confusa

A, dealbata

A, decurrens

A. mearnsii

A melanoxylon
Dalbergia stssvo
Leucaena leucocephala
Terminalia sp.

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

Aleutites spp.
Artocarpus utilty
Ceratonia siliqua
Durio zibenthinus
Dyera costulata
Inocarpus edulis
Mangifera minor
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D.

E.

Morus spp.,
Parkia spp.
Pentadesma spp.
Pithecolobium spp.
Prosapis spp.

Tamarindus indica

Agricultural plantation tree species with secondary forest uses

Cocos nucifera
Hevea brasiliensis

Bamboos

Bambusa arundinacea
Dendrocalamus strictus
Melocanna spp.
Oxytenanthera spp.
Phyllostachys edulis
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Appendix 8¢
Species for African Savannas

Source: Laurie, 1974

Desert— ommitted from consideration

Subdesert 3. Dry tropical
Acacia albida Anacardium occidentale
A. nilotica Azadirachta indica
A. senegal Callitris spp.
Azadirachta indica Cassia siamea
Conocarpus lancifolius Dalbergia sissoo
Dalbergia sissoo Eucalyptus camaldulensis
Eucalyptus camaldulensis E. citriodora
E. microtheca E. microtheca
E. tereticorniy E. tereticornis
Prosopis chilensis

5, Humid tropical and equatoria!

Semihumid tropical

Acrocarpus fraxinifolius
Araucaria cunninghamii
Callitris ca carata

C. plauca

C. intratropica

Acrocarpus fraxinifolius
Araucaria cunninghamii
Chlorephora excelsa

C. regia

Eucalyptus citriodora
E. cloeziana

C. robusta E. deglupta
Cassia stamea E. grandis

Eucalyptus camaldulensis
<. citriodora

ol

E. propinqua
Gmelina arborea

L. cloeziana Pinus caribaea
E. grandis D kesiya

E. pilularis P, merkusiy
L. propingua L. socarpa

E. tereticornis
Pinus caribaca
P. kesiya

I merkusit
P. vocarpu

Tectona grandis
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Appendix 8d

Hardwood Species for Lowland Tropics
Source: Fenton el al., (1977)

Annatated bibliographies have been prepared for the following tropical hardwood species:-

1. Acacia auriculiformis

2. Albizia falcataria

3. Anthocephalus chinensis

4. Campnosperma brevipetiolara
5. Cedrela odorata

6.  Cordia allivdora

7. Lucalyptus alba

8. Lucalyptus deglupta

9. Eucalyptus robusta

10. Fucalyptus tereticornis

11, Eucalyptus torelliana

12, Luwalyptus wophylla — not formally named
13. Grevillea robusta

14 Melaleuca leucodendron
15, Maesopsis eminit

16. Octomeles sumatrana

17. Terminalia brassit

8, Termmnalia calamansana
19, Terminalia catappa

20. Terminalia 1worensis

21, Terminalia superba

22, Tuwona ctliata

23. Tetrameles nudiflora



1 THE SELECTION OF PLANTS FOR CENTRAL SAUDI ARABIA

Plants for Arid and Semi-arid Lands

Source: Adams et al., 1978
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Appendix 8e

The purpose of the following lists of plants is 1o define a 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 availability are not limiting. Whenever a
final plantlist is compiled, it is essential thacall the environmental factors and the restrictions they

might impose are analysed beforehand.

Phytogeographical zone: Saharo-Sindian

Indigenous Trees

Acacta albida

A. arabica

A, genadiv

A giraffae

A. gummifera

A. mellifera

A nilotica

A, raddiana

A. senegal

A seyal

A tortilns

Albizia julibrissin
A lebbeck
Lngenia jambolana
Eleagnus angustifolia
Fieus bengalensis
¥ henmjamina

o retwsa mitida
I religiora
Maerva crassifola
Melia azedarach
Moringa aptera
Phoenix dactylifera

Tree Introductions

Acacia cyanophylla
A, farnesiana
Albizta chinensis
Anona cherimifolia
Brachychiton acerifolia
B. gregorn
Callistemon cttrinus
(. lanceolatus
Casuanna crivtata
(. cunminghamana
. equisetifolia
elanca
~lehmani

sneta

~es s~

' torrdosa
Cupressus arizonicu
Delonx regia
Duranta plumien;
Fucalyptus astringens
E. brockwayr

Pistacia atlantica
Prosopis cinerea

P juliflora

P. spicipera

P stephaniana
Salvadora oleotdes
S, persica

Schinus terebinthifolius
Tamarix aphylla
T. articulatu

T. gallica

T ramosissima
T. passerinvides
T. stricta
Terminalia catappa
1. bhellerica
Thespesia populnea
Vitex agnus-castus
Zizyphus pujuba

Z. lotus

Z. mauretania

Z. spina-christi

o=~

. camaldulensis
. campaspe

. cladecalyx

"~ coolabah

" forrestiana

" gomphocrohala
. ntertexta

mEEmEy

. Aruscana
landsdweneana

- largiflorens

. longicornis

i R

. microthrca

V. patellariy
fimpiniana

. rebusta

. redunea

" salubriy

. sargentiy
spathulata
stricklandit

mEmEEENE G,

folieo]
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E. transcontinentalis
E. woodwardii
Ficus carica

F. sycomorus
Grevillea 1obusta
Hypheane thebarca

Jacasanda mimosiaefolia

Melaleuca pauperifolia
Parkinsonta aculeata
Prosopis chilensis

P. tamarugo

Schinus molle
Washingtunia filifera

Indigenous Shrubs and Ground Cover Plants

Achillea fragrantissima
A. santolina
Anabasts articulata
A. setifera
Artemisia herha-alba
A monosperma
Atniplex halimus
Balunites aegyptiaca
Caesalpinia gilliessi
C. pulcherrimna
Calligonum arborescens
(. comosum
Calotropis procera
Capparts decidua

(. spinosa

Carex physodes
Casvia lanceolata

. vbovata
Clerodendrum inerme
Coronilla juncea
Cyprrus conglomeratus
€. laevigatus
Dodonea viscora
Ephedra alata

F. distachya
Furphorbia ceratordes
£ guyonianum

I mauntanica

E. nereifolia
(lenista vaharae
Haloxylon aphyllum
I articulatum

. persicum

1. salicornicum
Heliatroptum dasycarpum
Ipomoca pes-capre

Ins sisyrinchium
Lagerstrormia indica
Launea spinosa
Leptadensa pyrotechnica
Limoniastrum guyomanum
L. monopetalum
Lyctum arabicum

L. persicum
Monvonia nivea
Nerium oleander
Phlomis brachyodon
Plumeria acutifola

P. rubra

Punica pranatum
Retama ractam
Rhanterium epapposum
Rhus oxyacantha
Salsola tetrandra
Salvia argyptiaca

8. lanigera

shanta aegyptiaca
edlitzia rosmarinus
ecoma stans
Tecomaria capensis
Thevetia neretfolia
Zilla macroptera

Z spinosa
Zygophyllum coccineum
Z. dumosum

Shrub and Ground Cover Plant Introductions

Allamanda cathartica
Aloe sp.

Arundo donax

Atnplex nuinmularia
Bougaimerllea spectabiliy
Carpobrotus acinactformis
C. edulry

Hibiveus rosa-vinensis
11 synacus

Ires sp.

Jasmunum arabicum
Lantana camara

Lavandula spica

.. stoechas

Lippa atriodora
Myoporum sp.
Myrtuy communiy
Pistacia lentiscus

I vera

Plumbago caper:sis
Polygonum capitatum
Rosa sp.

Santolina chamaccyparissus
Yucea gloriosa
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2 SELECTION OF PLANTS ACCORDING TO SALINITY TOLERANCE

Reference: R. Firmin Afforestation, Report to the Government of Kuwait, FAO, Rome 1971

Electrical
conductivity in
micromhos

Plant specics

50,000 +
0,000
35,000
30,000
25,000
18,000

165,000

14,000

12,000

10,000

8,500

8,000

6,000

3,000

1,500
4,000
2,500
2,000

1,000

Avicenma marina, Nvraria retoa, LProsopis jubiflora (Kuwait strain), Suaeda
vermiculata, Zypophyllum coccinewm

Casuaring glauca, Conocarpus lancrforms, Phoeniy dactylifera, Tamans maris-mortiu,
T paviennotde

Atriplex nummularia, A. tevicana, Juncus actutus, Prosopis stephamana, P tamarugo,
Tamarivc areemsn, T deserts, 1 dorea, T flonda, T manmfera, 1 meyeri, T
ortentalvs, 1" pentandra

Acacra lgulata, Casuaring equisetifolia, Kocha ivdica, Phragmites communts, Prosopis
Juliflora, Tamarix apliyltu, 2123 phus tulgarn

Acacra sowdenu, Tamany ndotica

Acacia pendida, A salvana, Cavuarina eluauea, Fucalypras camaldulensin, I argent,
Fospathudata. Nevvum oleander. Parbonvonia acsleatn

Acacta farnesiana, A alvana, Callistemon lanceolatus, Casuaring cristata, € stricta,
Fucaiptus calivultrie. B camaldulensiy v ohtwsa, F coolabah, £ micotheca,
Prosoprs chilenes, I judiflors vay - eliting

Acaca arabaca, Albizia unemis, Cavuerina lehmanne, Clevodendnon merme,
Fuwalyptus: ponguniana, Halowylon salicorn um. Sesbana grandiflora

Acaca stenophytla, Navaa latjoha, Callitry vlanca, Dodomea tnveonva, Ifuul/)/:tlu
Arseana, Melalewoa panpentfolia, Melta azederach. Punta eranatum, Thevetia
nererfolia

Athezee lebbedd, Butea manasperma, Ifmu/)/:/m annulata, I hachyeorys, I cornuta,
Eomelldwra, B ooocdentd, b stnchlandi Fiouy cara, 1 religronat, Hakea
lauring, Lagenana pattersent. Ry communny s ar. fentcs, Salvadora oleotdes,
Thesprira pofudnea, Ve aenus castus

Carsalpona gillievi, Calligonuwm comoion, Casuarina cunminghamiana. Dalbergta
vivsou, Dudnonea attenuata, Fucalyprus dudwealpy, B forestiana, I grona, I
lanvdvieneana, I largiflorenms 1 Le Soueffe, £ yobusta, I salubin, | spathulata,
Iupr ddulens, Teominalin arpuna

Brachychton greortt, Fwcalyptns brockaeays, 1 dundav, 1 tntertexta, I
woudieardie, Fus henphalensis, Myrtus comomuny, Prosopes spnagera, Schinus molle,
Terminalia «atufipa

Acacia deant. 4 aluna, Agonny texuna, Balamites argyptiaca, Cupressuy anzonca,
Fuclayptis oleova, I torguata, Greeddlea obuta, Olea europea, Pratchardn frlifrra,
Tamarinduy tdvca, Tecoma sans

Cordta myaa, Couprevvis sempercirens var, stnuta, Llaeagnus angustifolia, Fucalyptus
avtringens, B campaspe, E longromes, E vedunea, - transcontinentalis, Lantana
acideata, Populus cuphraticn. ermmala belerica

Bombax malabanum, Fucabypius atriadora, Populus bolleana

Acacta tostidin, Aihzia b, Frews syoomonn,  Robinga teudvacacra, Salix alba
Avacia cyanophyla. A cyddopis, A mellifera, A raddrana, A, Sfwestiana, A. gerrardii
Fucalpis tereticorny, 10 pheane thebarca, Potnaana ¢ Drelony) regra, Duranta plumiers,
Popudus ahlega

Azalea spp . Bowgarn tlea spp o Dopuluy ewramertca, P thecetina
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Appendix 8f

Natural Distribution of Species Included in FAO/IBPGR Trials in

Arid/Semi-arid Lands

Source: FAO/IBPGR, 1980

Species
Acacia albida Del.

Acacia nilotica (1..) Willd, ex Del.

Acacia senegal (1..) Willd.

Prosopis cineraria (1..) Druce
(syn. P. spicigana 1..)

Prosopis alba Gris.
Prosopis chilensis (Molina) Stuntz

Prosopis juliflora (Swariz) DC

FProsopis nigra (Gris.) Hicronymus
FProsopis tamarugo F. Philippi
Eucalyptus camaldulensiy ehnh.
Eucalyptus microtheca ¥. Nuell,

Acacia aneura V. Mucll.

Azadirachta indica Juss.

Distribution

Senegal, Gambia, Portuguese Guinea, Sierra
Leone, Liberia, Ivory Coast, Ghana, Togo,
Dahomey, Nigeria and Cameroon, extending north
throughout the drier parts of North Africa into
Egypt, Israel, Lebanon and Cyprus, and from East
Alrica (Tanzania, Kenya, Uganda) to Zambia,
Transvaal and Natal.

(including 3 varieties), extends from tropical and
sub-tropical West Africa (Senegal, Gambia, Ivory
Coast, Ghana, Togo, Dahomey, Nigeria,
Cameroon), East Afvica (Tanzania, Kenya,
Uganda), and North Africa (the Sahel, Egypt)
through eastern Sudan and Arabia as far castwards
as India.

(including 2 varicties), characteristic of the drier
parts of Somalia, Ethiopia, the Sudan and Chad
through to Mauritania, extending west to Senegal,
Gambia, Ivory Coast, Ghana, Togo, Dahomey,
Nigeria and Cameroon, east to Tanzania, Kenya
and Uganda.

India, Pakistan, Iran, Arabian peninsula,

(including one variety), extends from the plains of
sub-tropical Argentina to Uruguay, Paraguay,
southern Bolivia and Peru.

(including 2 varieties), from Peru and Bolivia to
Central Chile and nerth-western: Argentina.
(including 2 varieties), from the coastal regions of
Venezuala, Colombia and Panama, through Central
America to Mexico, as well as in the Antillean
Islands (perhaps introduced).

(including 2 varicties), occurs in southern Bolivia,
the Gran Chaco of Argentina, Paraguay and
western Uruguay.

arid mesetas in the northern provinees of Chile,

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

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

inland arid Australia,

Burma, India (Siwalik Hills; Karade region; parts
of the Deccan, south of the river Godavari),

NOTE:- Alimited number of additional species within the same distribution arcas as the above
could be considered for the presently proposed phase of the Project, e.g. Acacia tortilis.
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Appendix 8g

Species of Trees and Shrubs for the Sahel
Source: Von Maydell (1981)

ALPHABETISCHE LISTE DER BOTANISCHEN NAMEN UND SYNONYMA

LEITNAMEN SYNONYAMA

Acacia adansonii Guill. et Perrout,
Acacia adstringens (Schura. et Thonn.)

ACACIA ALBIDA DEL,

Acacia arabica (1.am.) Willd,

Acacia arabica Willd.

Acacia arabica var. adansoniana Dutard
Acacia arabica var. adstringens (Schum. et Thonn.)

Bak

Acacia arabica (Lam.) Willd. var. nilotica (1.)

Benth,

Acacia arabiea Willd. var. tomentosa (Benth))

ACACIA ATANACANTIIA D,

ACACIA DUDGEONI CRAIB EX HOLL,
ACACIA EHRENBERGIANA HAYNE
Acacia fascicudata Guill, et Perrou.

Acacia flava (Forsk.) Schweint,

ACACIA GOURMAENSIS A. CHEV.
Acacta gyrocarpa Hachat,
Acacia hockii De Wild,

ACACIA LAETA R, BR. EX BENTH,
Acacia lebbeck (1..) Willd.

ACACIA MAC ROSTACHYA REICHENB. EX BENTH.
ACACIA MACROTHYRSA HARMS

ACATIA MELLIFERA (VADL.) BENTIH.

Acacia nefasia Schweinf,

Acactu nilotica var. adunsoniana (Dubard) A.F. Hill =

Acacia buchanani Harms
Acacia caffra Willd. var, campylacantha Aubrev,

Acacia campylacantha Hochst, ex A. Rich.
Acacia catechu Willd, var. campylacantha (Hochst.
ex A, Rich.) Roberty

Acacia catec'u Oliv.

Acacia delziellii Craiby

Acacta glanca Moench

Acacia leucocephala

= A

. ntlolica var, adansonii
. ntlotica var, adansonni

. nilotica var, tomentosa
. nilotica var. adansoni
. ntlotica var. adansonit

. nilotica var. adansoniy

. nilotica var. nilotica
. nilotica var. tomentosa

macrothyrsa

= A. polyacantha var.
campylacantha
= A. polyacantha var. campylacantha

= A. polyacantha var,
campylacantha
= A. polyacantha var.
campylacantha

= A,

A

= A

macrothyrsa

raddiana
chrenbergiana

= Leucaena leucocephala

= A. albida

= A

seyal

= Albizia lebbeck
= A. albida

= A. sicheriana

A

nilotica var. adansonti

ACACIA NILOTICA VAR, ADANSONI (GUILL. ET PERROTT.) O. KTZE.

ACACIA PENNATA (1) WILLD.

Acacta mlotica var. aditringens (Schum. et. Thonn.)

Chaiv,

= A. milotica var. adansonis

ACACIA NILOTICA (1) WILLD. EX DEL. VAR. NILOTICA
ACACIA NILOTICH NAR. TOMENTOSA (BENTIH.) AF. HILL

ACACIA POLYACANTHA WILLD. VAR. CAMPYLACANTHA (HOGHST. EX A. RICH.)

BRENAN

Acacia prorsispinnata Stapf

= A. macrothyrsa
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ACACIA RADDIANA SAVI

ACACIA SENEGAL (1..) WILLD.
Acacia senegal (1..) Willd. ssp. mellifera (Vahl.)

Acacia ruprestris Stokes

Acacia saccharata Renth,

Acacia samoryana A. Chev.

Acacta scorproides (1) W.F. Wight var. nilotica

(L) AL Chev.

Acacta scorprordes (1..) W.F. Wight var. pubescens

A. Chev.

Raoberty

ACACIA SEYAL DEL.
ACACIA SIEBERIANA DC..

ADANSONIA

Acacta singuinea Guill. et Perrott,
Acacta stenocarpa Hochst. ex AL Rich,
Acacta suma Benth,

Acacta tortedts (Forsk.) Hayne ssp. raddiana (Savi)

Brenan

Acacta tortilts Hayne

Acacia tortils Hayne var. pubescens A, Chev.
Acacia trentiniamt A, Chev.

Acacta trispinosa Stokes

Acacra verek Guill. et Perrote.

Acacta verugera Schweint,

DICITATA 1.

Adansonta sphaerocarpa AL Chev.
Adentum arabicum Balf. f.
Adenvum coctaneum Stapl
Adentum honghet A, DC.

ADENIUAM O8ESUA (FORSK.) ROEM. FT SCHULT.
Agialida barters Van Tiegh.

Agralida sencgalensty Van Tiegh.

Agalida tombouctensts Van Tiegh.

ALBIZIA CHEVALIERT HARMS
ALBIZIA LEBBECK (1..) BENTH.
ANACARDIUAM OCCIDENTALE 1.
Annona chiysophylla Boj.
ANNONA SENEGALENSIS PERS.

Annona sencgalensis var. chrysophylla (Boj.) R.

Sillans

eAnnona senegalensss var. latifolia Oliv.

= A. senegal
= A. albida

= A. dudgeoni
= A. mlotica var. nilotica

= A. nilotica var, tomentosa

= A. mellifera

= . sicberiana

= A. seyal

A. polyacantha var.
campylacantha

#

= . raddiana

. raddiana

= A. raddiana
= A laeta

= A. senegal

= A. senegal
steberiana

= s1.

= A. dignata
= A. vhesum
= A. ohesum
= A. ohesum

Balanites aegyptiaca
= Balanites acgyptiaca
Balanttes aegyptiaca

= A. senegalensis

= A. senepalensis
= A. senepalensis

ANOGEISSUS LEIOCARPUS (DC) GUILL. ET PERROTT.

BALANITES AEGYPTIACA (1..) DEL.

Balanites ziziphordes Mildbr. et Schlechter
Babsamodendron africanum Arn.

Buavaa parku G Don.

Bauhinia abyssinica Rich,

Anogetus lerocarpy var, slumpent (Hochst. ex
Hutch. et Dal ) Aubrév.

Anageivsus schimpers Hochst. ex Huteh. et Dalz.
Antelaea azadirachta (1..) Adelbert

AZADIRACHTTA INDICA A, JUSS

Bauhinia adansontana Guill. et Perrott.
Bauhinia benzoin Katschy

Bavhinta plabra A. Chev,

Bauhinia glanca A. Chev.

RBauhinia pyrrhecarpa Hochst.

Bauhina reticulata DC.

= A lawcarpus
= A leiocarpus
Azadirachta indica

= B aegypliaca

= Commiphora africana
= Butyrospermum parkit
= Piliastigma thonningtt
= . rufescens

= Piostigma reticulatum
= Piostigma reticulatum
= Priostigma reticulatum
Piliostigma thonningii
- Piliostigma reticulatum



BAUHINIA RUFESCENS 1LAM.
Bauhinia thenningii Schum.
Bombax andricui Pellegr. et Vuillet
Bumbax buanopozenze P. Beauv.

BOMBAX COSTATUA PELLEGR. ET VUILLET
Bombax houardit Pellegr. et Vuillet
Bombax vulletit Pellgr.

BORASSUS AETHIOPUM MART.
Borassus flabellifer 1.. var. aethiopum Warbs,

BOSCIA ANGUSTHOLIA A, RICH,
Boscia octandra Hochst. ex Radlk.
Boscra patens Sprague et M. Green
Roscia powellit Sprague et M1, Green

BOSCLA SALICHOLLL OLIV.

BOSCIA SENEGALENSIS (PERS) LAM. EX POIR.
Busca tenuifolia A. Chev,
Brelonia spinoma (Lam.) Harv, ex DC.

Brelmia spinma ssp. lokua (A. Rich.) E.A. Bruce
Butyrspermum paradovum ssp. parkii (G Don)

Hepper
BUTYROSPERMUA PARKI (G, DON) KOTSCHY

CADABA FARINOSA FORSK.

CADABA GLANDULOSA FORSK.
Cadaba mombavana Gilg et Benediet
Catlliea dichiostachys Guill. et Perron.,

CALOTROPIS PROCERA (AUT) AI'T. T,
Capparts aphylla Havne ex Roth

CAPPARIS CORYMBOSA 1AM,
CAPPARIS DEECIDUA (FORSK.) EDGEW.
Capparts frschers Pax.
Capparts persicifolta AL Rich,
Capparts pubernda 1,

CAPPARIS TOMENTONA LAM.
Cassta floreda Vahl,
Cavsta hotsehyana Oliv,

CASSIA OCCIDENTALIS 1.,

CASSIA STAMEA 1AM,

CASSIA SIERBERIANA DX,

CASUARINA EQUISETIFOLIA J.R. ET G. FORST.
Celastrus cortacens Guill, et Perron.
Celastruy senegalensys Lam.

CELTIS INTEGRIFOLIA 1AM,
Combretum abbreviatum Engl. e Diels
COMBRETUM ACULEATUM VENT.
Combretwn altum Pery

Combretum elhot Fangl. et Dicls
Combretum flonbwndum Vngl. et Diels

COMBRETUM GILUTINOSUM PERROTT. EX DC.

Combretun lecananthum Yngl. et Diels
Combretum leanense Yingl. et Diels

COMBRETUA MICRANTHUM . DON
COMBRETUM NIGRIC,
COMBRETUM PANICULATUM VENT.

Combretum pavarger Engl et Diels

Combretum panctanum Hook
Combretum raimbaudty Heck
Combretum ramosissimum Engl. et Diels

=
o
=
=
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Piliostigma thonningii
B. costatum
B. costatum

B. costatum
B. costatum

B. acthiopum

B. senegalensis
B. angustifolia
5. salicifolia

B. angustifolia
Strychnos spinosa
Strychnos spinosa

B parki

C. farinosa
Dichroatachys cinerea

C. decidua

. corymbasa
. lomentosa
. lomentosa

ann

. stamea
. steberiana

o0

Maytenus sencgalensis
Maytenus senegalensis

C paniculatum

C. micranthum
C. nigricans
. micranthum

[

C. nmgricans
C. plutinosum

NS LEPR. EX GUILL. ET PERROTT,

C. glutinosum
C. paniculatum
C. micranthum
C. paniculatum
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COMMIPHORA AFRICANA (A. RICH.) ENGL.
Commiphora calcicola Engl.
Commiphora pilosa Engl.
Conacarpus leiocarpus DC.

CRATEVA ADANSONII DC.

Crateva religosa Forst,

DALBERGIA MELANOXYLON GUILL. ET PERROTT.

Dichrostachys arborea N . Br.
DICHROSTACIHYS CINEREA (L.)y WIGHT ET ARN.

Dichrostachys glomerata (Forsk.) Hutch et Dale.

Dichrostachys nutans (Pers.) Benth.
Dichrostachys platycarpa Welw. ex Oliv.

DIOSPYROS MESPHIFORMIS HOCHS'T. EX A. DC.
Diospyros senegalensis Perrou. et A, DG,

Elayuna biloba Raf.
ENTADA AFRICANA GUILL. T PERROTT,

FEntada sudanica Schweinf.,

Entada ubanguiensis De Wild.

Entadopsis sudanica (Schweinf.) Gilbert et
Boutique

ERYTHRINA SENECALENSIES DC..
EUCALYPTUS CAMALDULENSIS DEHNHARDT
Fucalyptuy rostrata Schlechr,

FUPHORBIA BALSAMIFERA AlT.
Euphorbia rogeri NE. Br,
Luphorbia sepium N.E. Br,

Fatdherbia albida Del.
FERETIA APODANTIIERA DEL.

Feretta canthiordes Hiern

Frews hibracteata Warh,

Ficus bongoensis Warby,
FICUS CAPENSIS THUNR.

Ficus dekdekena (Miq.) A. Rich,

FICUS GNAPHALOCARPA (MIQ.y STEUD. EX A. RICH,

FICUS INGENS (MIQ).) MIQ).

FICUS ITEQPHYLEA NICQ).
Fieus lutea Vahl
Ficus hawenri Hlutch.

FICUS PLATYPHYLILA DEL,
Ficus pseudovogelii A, Chev,
Fian savvandensts A, Chev,
Frcus senegalensic My,
Ficus spragueana Mildbr, et Burret
Ficwy sycomorus 1.
FICUS THONNINGH BLUME
Frewy umbrosa Warh.
Fieus trachyphylla Fenzd

FICUS VOGELIT (MIQ).) MIC).
Fluggea microcorpa B,
Fluggea voosa (Roxh. ex Willd.) Baill.

GARDENIA AQUALLA (SCHWEINFE.) STAPE E'T HUTCHL

GARDENIA ERUBESCENS STAPE E'T 1HUTCH.
Gardenia yoviv-tonantis FHiern
Cardenta medicinalis Vahl ex Schum.

= C. africana
= C. africana
= Anogeissus leiocarpus

= C. adansonii

= D). cinerea

= 1), cinerea
= D). cinerea
= D. cinerea

= D. mespiliformis

= [Piliostigma reticulatum

.. africana

E
= FE. africana

= I africana

E. camaldulensis

= E. buelsamifera
=K. balsamifera

= Acacia albida

= F. apodanthera
" platyphylla
= I iteophylla

-~

= F weophylla

"
=

. ingens
= F. ingens

. vogelty

" Heophylla

<. vogelfi

" tteophylla

" gnaphalocarpa

]
- e e

I
-~

< platyphylla
= I gnaphalocarpa

= Securinega virosa

= Secuninega virosa

= (. termifolia
= (. termifolia



GARDENIA SOKOTENSIS HUTCH.

GARDENIA TERNIFOLIA K SCHUM. ET THONN,

Gardenia thunbergia Hiern

Gardenia triacantha var. parvilimbis F.N. Williams

Grewna betul folia Juss.

GREWIA BICOLOR JUSS.
Grewia corylifolia Guill, et Perrott,
IREWIA FIAVESCENS JUSS.
Grewia grisea N.E. Sr.
Grawta gaazumifolia A, Chev.,
Greawia kwebensis N.E., Br.
Grawia miniata Mast. ex Hiern

GREWIA MOLLIS JUSS.
Grewia mossambicensis Burret
Grewia prlosa Lam,
Gravia populifolia Vahl
Gracia salvifolia Heyne ex Roth

GREWIA TENAX (FORSK.) FIORI
Grewta venusta Fres.

GREWIA VILLOSA WILLD.

GUIERA SENEGALENSIS J.R. GMEL.
Gymuoiporia dinturt 1oes
Gymnospenia ciegalensis (Lam.) Loes

Heudelotia africana A. Rich.

HYPHAENE THEEAICA (1..) MART,
KIAYA SENEGALENSIS (DESR.) A JUSS.

LANNEA ACIDA A, RICH.

Lannea djalunica A, Chev.

LANNEA MICROCARPA ENGL.. ET K. KRAUSE
LEPTADENIA PYROTECHNICA (FORSK.) DECNE.

Leptadenta spartium Wight
Leucaena glavca (Moench) Benth,

LEUCAENA LEUCOCEPHALA (LAM.) DE WIT,

Leucaena valvadorensty Standley

MAERUA ANGOLENSIS DC.

MAERUA CRASSHOLIA FORSK.
Maerua rigida R. Br.
Maerua senegalensis R, Br.

MANGIFERA INDICA ..

MAYTENUS SENEGALENSIS (LAM.) EXELL
Melia azadivachta 1..
Melia idicz Brandis
Mimosa adstringen
Mimosa arabica Lam.
Minosa asprrata 1.,
Mimosa biglobosa Jacy.
Aimosa cinerea V..
Mimosa plauca 1..
Mimosa plomerata Forsk.
Mimosa juliflora Swartz,
Mimosa lebbeck 1.,
Mimasa lewcocephala 1am.
Mimosa mellifera Vahl
Mimosa nilotica 1..
Mimosa nutans Pers,
Mimosa pennata 1..

G. ternifolia
G. erubescens
G. tenax

G. villosa

G. hicolor
;. flavescens

=G
= G. bicolor

G. bicolor

= G. bicolor

G. flavescens
G. tenax
G. bicolor

G. mollis

Maytenus senepalensis

= Maytenus senegalensis

Commiphora africana

L. mivvcarpa

L. pyrotechnica
1. leucacephala

L. leucocephala

M. crassifolia
AM. crassifoa

Azadvachta indica
Azadirachta indica
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Acacia nilotica var adansonii

Acacia milotica

A pigra

Parkia biglohosa
Dichrostachys cinerea
Leucaena leucocephala
Dichrostachyy cinerea
Prosopts jultflora
Albizia lebbeck
Leucaena lencocephala
Acacta mellifera
Acacia nilotica
Dichrostachys cinerea
Acacta pennata
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MIMOSA PIGRA L.

Mimosa scorpioides L. = Acacia nilotica
Mimosa senegal .. = Acacia senegal
Mitragyna africana (Willd.) Korth = M. inermis

MITRAGYNA INERMIS (WILLD.) O. KTZE.
MORINGA OLEIFERA 1LAM.

Moringa pterygospernna Gacerin. = M. oleifera
Nauclea africana Willd. = Mitragyna inermis
Nerium obesum Forsk. = Adeniia obesum

Odina acida (A. Rich.) Oliv., lannea acida

PARKIA BIGLOBOSA (JACQ.) BENTH.
PARKINSONIA ACULEATA 1.,
PHOENIX DACTYLIFERA 1.,

Phyllanthus virosus Roxb., ex Willd.

PILICSTIGMA RETICULATUM (DC.) HOCHST.
PILIOSTIGMA THONNINGI! (SCHUM.) MILNE-REDH.

n

Securinega virosa

Piliostigma rufescens (Lam.) Benth. = Bauhinia rufescens
Podoria senegalensis (Pers.) Lam. ex Poir = Boscia senegalensis
Poupartia birrsa (A. Rich.y Aubi = Stlerocarya birrea
FROSOPIS AFI'MCANA (GUILL., PERROTT. ET RICH.) TAUB.
Prosopis chilensis sithe Prosopis juliflora
Prosopis dubia Guill. et Perront, = Acacia siecberiana
Prosopis glandulosa U.A. siche Prosopis juliflora
FPROSOPIS JULIFLORA (SW.) DC.
Prosopis lanceolata Benth. = P africana
Prosopis oblonga Benth, = P. africana
Prosopis velutine siche P. julifiora
Prerocarpus abbyssinicus Hochst, = P. lucens
Plesocarpus angolensis DC. = P. erinaceus
Pleracartias echinatus DC, = P. erinaceus

PTEROCARPUS ERINACEUS POIR

PTEROCARPUN 1.UCENS LEPR. EX GUILL. ET PERROTT.
Prerocarpus lucens var, simplicifolius (Bak.) A,
Chev. = P. lucens
Prevocorp.s. simplicifoliug Bak, = P lucens

SALVADORA PERSICA 1..
SCLEROCARYA B!'RREA (A. RICH.) HOCHST.
SECURIDACA LONGEPEDUNCULATA FRESEN

Securidaca pallida Klotzsch = 8. longepedunculata

Securidaca spinosa Sim. = 8. longepedunculata
SECURINEGA VIROSA (ROXB. EX WILLD.) BAILL,

Securinega microcarpa (Blume) Pax et Hoffm., = S virosa

Sodada decidua Forsk. = Capparis decidua

Spondiaas birrea A. Rich. = Stlerocarya hirrea

Stesculia cinerea A, Rich. = 8. seligera
STERCULIA SETIGERA DEL.

Sterculia tomentosa Guill. et Periott. = §. setigera

Steieospermum dentatum A. Rich. = 8. kunthianum
STEREOSPER UM KUNTHIANUAM CHAM,

Strychnos buettneri Gilg. = 8. spinosa

Strychnos djalonis A, Chev, = §. spinosa

Strychnos courtti Chev. = S. spinosa

Strychnos emarginata Bak., = 8. spinosa

Strychnos dulcis Chev. = S. spinosa

Strychnos gracillime Gilg, = S. spinosa

Strychnos laxa Solered. = 8. spinosa

Strychnos lokua A. Rich, = S. spinosa



STRYCHNOS SPINOSA LAM.

Strychnos spinosa var. pubescens Bak.

Strychnos volkensi Gilg.
Swietenia senegalensis Desr.
Sycomorus gnaphalocarpa Miq.

TAMARINDUS INDICA 1.,
TAMARIX SENEGALENSIS DC.

Terminalia adamauensis Engl,

TERMINALIA AVICENNIOIDES GUILL. ET PERROTT.

Terminalia chevalieri Dicls
Terminalia dawei Rolfe
Terminalia dictyoneora Dicls
Terminalia elliotis Engl. et Dicls
Terminalia lecardii Fngl. et Diels

TERMINALIA MACROPTERA GUILL. ET PERROTT,

Terminalia suberosa Chev.

Uncaria inermis Willd.
Urostigma dekdekena Miq.
Urostigma ingens Miq.
Urostigma vogelii Miq.

Vinticena flavenscens (Juss.) Burret
Vitelleria parodoxa Gaerin
Vitex chariensis Chev.
Vitex cienkowski Kotschy et Peyr.
Vitex cuneata Schum. et Thonn.
VITEX DIVERSIFOLIA BAK.
VITEX DONia. . A SWEET
Vitex paludosa Vatke
Vitex simplycifolia Oliv.
Pitex umbrosa G, Don ex Sabine

XIMENIA AMERICANA 1.,
Ximenia aegyptiaca 1.,

Ziziphus amphibia A. Chev.
Ziziphus jupuba (1..) Lam.,

ZIZIPHHUS MAURITIANA 1AM,
Ziziphus mitis A. Rich,

ZIZIPHUS MUCRONATA WILLD.
Ziziphus orthocantha DC.

ZIZIPHUS SPINA-CHRISTI (1..) DESF.

77

S. spinosa

S. spinosa

Khaya sencgalensis
Ficus gnaphalocarpa

" macroptera
. macroplera
" avicennioides
. macroplera
" avicennioides

=N

)

- -

T. marcrople ..

Mitrogyna inermis
Fieus tteophylla

= Ficus ingens

Ficus vogelii

Grewia flavescens

= Butyrospermum parkii

It

V. dontana
V. doniana
V. doniana

V. doniana
V. diversifolia
V. dontana

Balanites aegyptiaca

Z. spina-christi
Z. mauritiana

Z. mucronata

Z. mauritiana
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Appendix 8g

Species Under Trial for Plantations in Dry Tropical Africa

Adansonia digitata
Adenanthera pavonina
Adentum obaesum
Afzelia africana
Atlanthus malabaricum
Albizia adianthijolia
Albizia chevalieri
Alhizia lebbeck
Alluaudia procera
Abtonia congensis
Anacardium occidentale
Anogeissus letocarpus
Antiaris africana
Araucaria columnans
Atriplex sp.

Aucoumea klaineana
Azadirachta indica
Balanites aegyptica
Bauhinia cunninghamii
Bauhinia rufescens
Bombax costatum
Borassus aethiopium
Breynia nivosa
Butyrospermum. paradoxum
Caesalpimia pulcherrima
Callistemon rigidus
Callstris sp.
Calothamnus gilesii
Canarium australianum
Carissa edulis

Cassia auriculata
C. fistula

C. glauca

C. glutinosa

C. notabilis

C. olipophylla
C

. plutocarpa

Source: Delwaulle (1979)

(‘

not promising)

C. siamea
C. sieberiana

Casuaring decaisneana
C. equisetifolia
C. glauca

Catalpa sp.

Cetba pentandra
Cedrela sp.

Celtis integrifolia
Chukrasia tahularis
Combretum sp
Commuphora africana
Copernicia cerifera
Cordia sinensis
Cordyla pinnata
Crotalaria cunninghamiy
Cupressus lusitanica

Dalbergia melanoxylon
1. sisson

Daniellia oliveri
D). thurifera

Delonix regia

Detarium sp.
Dichrostachys cinerea
Diospyros mespiliformis
Dodonca viscosa
Entada africana
Erythrina senegalensis

Erythrophlewmn gutneense

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

E. citriodora
E. crebra

E. microtheca
E. paniculata
E. saligna
E. sideroxylon
E. teeticornis
E. tesselaris
E. torreliana

Euphorbia balsamifera
I5. kamerunica
E. trucalli

Faidherbia albida'
Ficus spp.
Funtumia elastica
Gleditsia triacanthos
Gmelina arborea

Grevillea pyramidalis
G. refracta

Guatacum officinale
Guiera senepalensis
Gyrosternon spp.
Hakea spp.
Holarrhena spp.
Hura crepitans
Hyphaene thebaica
Isoberlinia doka
Jacaranda acutifolia
Jatropha curcas
Khaya senegalensis
Lamarkea acheifolia
Lawsonia inermis
Leucaena leucocephala
Lonchocarpus sericeus
Markhamia tomentosa

Melaleuca spp.

Melia azedarach
M. dubia

Milletia laurentis

Mimosa pigra
Mitragyna inermis
Moringa oleifera
Nauclea diderichii

Nerium oleander

Editors' footnote: synonymous with Acacia albida.



Opuntia ficus indica
Farinari macrophylla

Parkia africana
P. filicoides

Parkinsonia aculeata
Peltophorum ferrugineum
Petalostylis labicheoides

Piliostigma monandra
P. reticulatum

Pinus caribaea
P. halepensis
P. pinaster
P. pinea

Prthecellobium dulce
Populus spp.

Prosopis africana
P. chilensis
P. cineraria
P. tamarugo

Plerocarpus erinaceus
Prilotus excltatus
Ricinodendron heudelotsi
Robinia pseudoacacia
Salvadora persica
Samnanea saman

Schinus molle
S. terebinthifolius

Sclerocarya birrea
Stnmondsia chinensis
Spondias monbin

Sterculia tomentosa
S. urens

Stylobasium spatulatum
Sweetia panamensis

Tamarindus indica

Tamarix spp.
Tecoma stans
Tectona grandis
Terminalia arjuna
T. carpentariae
T. calappa

T. ivorensis

T. mantaly

1. superba
Thevetia peruviana
Thuja orientalis
Vitex dontana

Ximenia americana

Ziziphus mauritiana
Z. mucronala
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Species Recommended for Arid Zones
Source: Goor and Barney (1976)

Abies cilicica
Acacia cyanophylla

Acacia tortilis

Acer negundo

Ailanthus altissima

Alnus orientalis

Araucaria excelsa
Aspidosperma quebracho-blanco
Azadirachta indica

Bulnesia retamo

Calligonum comosum

Casuarina equisetifolia
Casuanina glauca
Cedrus {thany

Celtis australis
Ceratonia siliqua

Crataegus azarolus
Cupressus sempervirens
Dalbergia sissoo

Elaeagnus angustifolia
Fucalypius camaldulensis

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

Juniperus excelsa
Melia azedarach

Morus alba
Parkinsenia aculeata
Pinus brutia

Pinus canariensis
Pinus halepensis
Pinus nigra

Pinus pinaster
Pinus pinea

Pistacia atlantica
Platanus orientalis

x Populus euramericana
Prosopis juliflora
Prosopis spicigera

Quercus suber
Rhus coraria

Robinia pseudoacacia
Salix spp.
Schinopss lorentzii

Schinus molle

Tamanx articulata
Taxodium distichum
Tetraclinis articulata
Ulmus pumila
Zizyphus spina-christi

Appendix 8h
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Appendix 8i

Tropical Tree Legumes of Special Significance as Fuelwood
Source: Brewbaker ef al. (1981)

Species adapted to:

Genus Humid tropics Arnd tropics

Acacia auriculiformis, mearnsii® brachysiegia, cambagei, cyclops, nilotica, saligna,
senegal, seyal, tortilis

Albizia — lebbek

Calliandra calothyrsus —

Cassia - siamea

Derris indica —

Gliricidia sepium —

Inga vera* -

Leucaena leucocephala -

Mimosa scabrella —

Pithecellobium — dulce

Prosupis — alba, chilensis, cineraria, juliffora*®, pallida, tamarugo

Seshania grandiflora —_

Highland-adapted species
Mesquite is widely considered an undesirable thorny pest
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Firewood Species Described by NAS
Source: NAS (1980)

FUELWOOD SPECIES FOR

HUMID TROPICS
Acacta auricultformis
Calhandra calothyrsus
Casuarina equisetifolia
Derris indica
Gliricidia sepium
Gmelina arborea
Guazuma ulmifolia
Leucaena leucocephala
Mangroves
Mimosa scabrella
Muntingia calabura
Seshania bispinosa
Sesbania grandiflora
Syzygtum cumini
Terminalia catappa
Trema spp.

FUELWOQOD SPECIES FOR
TROPICAL HIGHLANDS
Acacta mearnsit
Atlanthus altissima
Alnus acuminata
Alnus nepalensis
Alnus rubra
Fucalyptus globulus
Eucalyptus grandis
Grevillea robusta
Inga vera

FUELWOOD SPECIES FOR ARID
AND SEMIARID REGIONS

Acacia brachystachya

(b) Master List of Firewood Species Prior to Sclection of 60 Species

Source: NAS (1980)

Appendix 8)

Acacia cambagei
Acacia cyclops

Acacia nilotica

Acacia saligna

Acacia senegal

Acacia seyal

Acacta tortilis
Adhatoda vasica
Albizia lebbeck
Anogeissus latifolia
Azadirachta indica
Cajanus cajan

Cassia siamea
Colophospermum mopane
Emblica officinalis
Eucalyptus camaldulensis
Lucalyptus citriodora
Eucalyptus gomphocephala
Lucalyptus microtheca
Lucalyptus occidentalis
Haloxylon aphyllum
Haloxylon persicum
Parkinsonia aculeata
Pinus halepensis
Pithecellooium dulce
Prosopis alba

Prosopis chilensis
Prosopis cineraria
Prosopis juliflora
Prosopis pallida
Prosopis tamarugo
Tamarix aphylla
Zizyphus mauritiana
Zizyphus spina-christi

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

marked with an asterisk.

Humid Tropics A Adewcophloea Afzelta africana
A polyacantha A avlocarpa
Acacta auricultformiy ® A vamenyiy Aglata spp.
A avdacocarpa A tomentora Alhizia falcata
A aassicarpu Acrorarpus fraxinifolius A Alebheck®
A, flava Adansonta dipitata A moluccana

A hoa Adina cordifolia A. odwalissima



A. procera
Aleurites moluccana
Alnus jorullensis®
Alstomua spp.
Anacardium occidentale
Anogeissuy latifolia*

A letocarpus ®
Anthocephalus cadamba
Antidesima ghaesembilla
Artocarpuy spp.
Aspidosperma spp.
Astronium urundewva
Aucoumea spp.
Avicennia spp.
Azadvrachta indica®
Bambusa spp.
Baphia kurkus
Baukinwa malabarica

B tomentosa
Buschoffra yavanica
Bocageapsis multiflora
Bombax spp.
Bruguiera spp.*
Caesalpinia sappan
Cajanus capan®
Callandra calothyrsus ®

O surtnamenis
Callicarpa urborea
Caloncoba gilgrana
Cananga odorata
Capparis spp.
Carapa guineensis
Cantniana pyrefornis
Casearta spp.

Cassia macrantha

' samea®

. spectabulin®
Casuarina cunninghamuana ®

C. equisetsfolia®

. lepidophion

C. nobile
Cecropra spp.

Cedrela spp
Cerba pentandra
Celtiy spp.
Cenopy spp.
Chalopaas linearny
Chlorophora tinctorta
¢ exceba
Chloroxylon vitetenta
Citruy spp
Coccoluha sp
Cocoy nuctfera
Coffea spp
“omibretum spp
Comocarpues erectus
Cordra spp.

' allidora
Cratoxylon spp
Crescentia cupete
Craton sp)

Cupresiny lusttanica
Cynometra caultflora
Dantella oliven
Dendrocalamus stosctus

Derris microphylla
Detarium senegalense
Diolium guineensis

D). ovoideum
Dichrostachys glomerata
Dillenia spp.
Diospyros spp.
Diphysa robiniodes
Dinizia excelsa
Duabanga grandiflora

D. moluccana
Elatertospermum spyp.
Enterolobium cyclocarpum
Ernythrina spp.
Erythrophlewm spp
Eschwetlera mextana
Fucalyptus alba

I botryordes
F. rassiana
E. camaldulensss ®
I atnmodora®

>~

" cloezrana

L. deglupta
erandis *
E. nmucrotheca®
L moluccana
E. pellita
I revintfera
E robusta
E aligna®
I tereticornis ®

™

E. tornelliana

o urophylla
Fugenia jambos
Freus benghalenis
(iaruga pannata
Glincdia maculata ®

(' seprum?®
Gmelina arhorea®
CGrevillea robusta*
Grewa spp.
Gualtena ferruginea
CGuazuma ulmifolia®

Haematoxylon campechranum

Heiea brasiliensiy
Holoptelea integnfolia
Ihymenocardia acida
Inga spp.

1 albu

1 edulin®

! laurina

! vera®
Inocarpuy edulis
Intsia bijuga
Insanthera hostmam
Khaya senegalensiy
Kydia cabyana
Lagunculania spp.
Lantana spp
Lewarna levcocephala®
Libadibia corymbora
Licania spp
Landackersa maynensiy
Lumnitzera racemma
Macaranga spp.

Machaerium nictitans
Madhuca latifolia
Malmea spp.
AMaminea americana
Mangifera indica
Mangroves®
Melaleuca leucadendron
Melastoma spp.
Melia azedarach

M. composita
Michelta champaca
Moringa oleifera
Morus mesozygta
Muntingta calabura®
Murraya paniculata
Musanga cecropiordes
Alyristica spp.
Nauclea diderrichu
Nectandra spp.
Ocotea spp.
Octomeles sumatrana
Olea africana
Ouratea calophylla
Parinari excelsa
Parkia spp.
Parkinsonia aculeata®
Peltophorum pterocarpum
Pentaclethra macrophyila
Lentadesma butyracea
Persea spp.
Phyllanthus discoideus
Pieus canbaea

P insularis

P Akesiya

1 merkussi
Iiptadenia spp.
Pithecellobium dulce®

P jiringa

P tobatum
Platonia insignis
Pongamia glabra*
Populus euphratica
DPourouma spp.
Preudosamanea guachapele
Puidium guajara

P cattlaanum
DPterocarpus erinaceus

P indicus
Dterygota alata
Quercus spp.

Q. oocarpa

Q. penduncularis

Q sapotacfolia
Rhamnus spp.
Rhizophora aprculata

R candelaria

I mangle®

R mucronata ®
Saltx humboldtiana
Salvadora persica
Samanea vaman
SiMlechera vlevsa
Sthezolobaum parahyba
Securinega tirna
Sertalbizia splendens
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Sesbania aegyptica

S. grandiflora®
Sterculta urens
Swartzia spp.

S. fistuloides

S. madagascartensis
Sweetia brachystachya
Stwtetenia macrophylla

S. mahogan:
Symphonta globulifera
Syzyeium cuming®

S guineense
Tamarinduy indica
Tamarix passerinotdes
Tectona grandis
Terminalia spp.*

T paniculata

T tomentosa
Tetragastris alttssima
Tetrameles nudiflor:
Thespesia populnea
Trema puineensis*®

T micrantha®

T ontentalts®

other Trema spp.*
Trichilia hirta
Tnplaris guayaquilensiy
Trplochiton scleroxylon
Tristania obovata
Vitex spp.
Ximenta amertcana
Xylia kerrna
Mylocarpus spp.
Zanthoxylum spp.

7 xanthovylordes
Zizyphuy spp.

Z. thyraflora

Tropical Highlands
Acacta acuminata

A batleyana

A, cavema

A dealbata®

A decurrens

A. elata

A macracantha

A, mearnsir®

A. melanoxylon

A pyenantha

A vive
Acer negundo

A obtustfolium

A pseudoplatanus
Atlanthuy glandulina
Alnus formosana

elutinosa®

A qorullenses ®

A nepalensiy®

A mtida

A onentalns

A rubat
Altingia exceliea
Amarpha fruticosa
Arrstotela chilensis
Arancaria spp.

Aspidosperma quebracho-blanco

Baceckea frutescens
Bambus cp.
Bauhinia retusa
Brachychiton populneum
Buddleta spp.
Callitriv macleayana
Calycophyllum multeflorum
Curya spp.
Castanopsty spp.
. acuminativsima
Casuarina cunminghamiana *
C. equvsetifolia®
C punghuhniana ®
C luehmannn ®
Ceanothus spp.
Cedrela spp.
Crrcocarpuy
Cestrum spp.
Cinnamomum camphara
Crtruy spp.
Coffea arabaca
Commiphora spp
Croton glabellus
Cupressus henthamit
(@

carhmenana
C furhestt
(! goventana
C. lusttanica
. macnabiana

(. macrocarpa

. sempervirens

. wrnlosa
Dendrocalamu, strictus
Didymopanax morototom
Drmyy winten
Llaeagnus angustifolia
Escallonta spp.
Eucalyptus albens

F bicostata®
k. blakelyr
K. botryoides
£ calophylla
F camaldulensis®
£ atriodora®

cladvcalyx

E. clorziana

A. deaner

" delegatensiy
diversicolor
elobuluy®
gomphocephala ®
erandiy
gummifera

. dargiflorens

leucoxylun

maculata
mardenti
melanoxylon
melliodora
microcorys
neglecta
nova-anglica

A
F
I
FE
I
I
I
k
E macarthun
F
g
I
E
2
E
E
E

odvrata

E. ovata

E. paniculata
E. resinifera
E. robusta
E. saligna*

s

E. tereticornis
E. trabutit
. viminalis
E wandoo

Eugenta sp.
Fiews palmata

I osahafoha
Fraxinuy sp.
Gleditsta tnacanthos
Greedlea robusta ®
Grewa spp.
ieptospernum spp.
Lespedeza bicolor

1. cyrtohotrya

1. maximoutczn
Lagustrum lucidvm

Lagusdambar formosana

1. tyraciflua
Lanodendron tulipnfera
Lithocarpus spp.
Mactura pomifera
Maytenuy hoarta
Melaleuca leucadendron

M. pubescens M. pretisiana

Melwa azedarach
Nyssa aquatica
Olea africana

O chrysaphytla

0. cusprdata

O europaca
DPeumuy holdus
DPinuy cananenss

I caribaea

. ellotta

I’ excelia

P hestya

P merhusi

P nigra

P ovcarpa

I pinea

P preudostrobus
I radiata
I npida

Fatanus occudentalis
P onentalis
Lodocarpus olerfolius
DPolyleps spp.
I tomentella
Lopuluy balvamifera

I betudifohia x 1 tnchocarpu

I deltordes

P grandidentata

I mgra

' tremulotdes
Quercus sp.

Q dilatata

Q). 1mcana

Q. regintana
Robma pyeudoacacia
Salix babylonica



S.
S

caprea
humboldtiana

Schinopsis spp.
Schinus molle
Sophora japonica
Styrax sp.
Tecoma spp.

T

stans

Terjsmanniodendron ahernianum
Tetraclinis articulate

1rema onientalis®
Tipuana tipu
Trevoa trinervis
Ulmus pumila

U

wallichiana

Vernonta haccharotdes
Wendlandia spp.

Arid and Scmiarid Regions
Acacra spp.

A

A

A
A
A

A
A.
A
A
A

A

A
A

A.

.

A

A

.

acuminata
albida

aneura
arabica®
auricultformi)
haileyana
brachystachya
caffra
cambager *
catechu

ctharta

concinna
cyanaphylla®
aclops*
dealbata
decurrens ®
drepanolobium
rluta
excelsa
Sfarnestana
giraffae

L gregent

harpophylla

- heteracantha
. heterophylla

hocki

- holosenicea®

homalophylla

Rarroo

hempeana

lastoprtala

leenthami

lewcophloea
ltakunenss

longifolia

mactacantha
melanoxylon

maoderta

mollivina ®

nilotica

nilotica ssp - adansonn
nelotica var. tomentowa
ovwwaldn

pallacantha

perdula

A. peuce

A. plangfrons

A. polyacantha ssp. cam-

pvlacantha

A. pycnantha

A, raddiana*

A senegalensis

A \ej)‘(l/ ¢

A stamensis

A tomentora

A tortddis?

A, victonae
Albizia lebbeck
Anogerssus letocarpus

A pendula ®
Argania sideroxylon
Artemisia hetha-alha

A monosperma
A scoparta

Asprdosperma quebracho-blanco

Amplex hracteosa

A canescemy

A Aeweoclada
Azadirachta mdica®
Balamtes aegyptiaca
Bauhinia reticulata

B thunningii
Bombacopsts quinata
Brastlettia mollis
Bunchosia armeniaca
Burkea africana
Caesalpinia paraguariensis
Cujanus cajan®
Calliandra spp.
Calligonum comosum
Callistemon sp.
Curapa guineensiy
Cassia garrettiana

' samea®

O sturtiy
Casuarina ristata®
(. decatsneana*
C. equusetifolia®

. glawa®

' stricta®
Cedrela odorata
Celtrs integnfolia

(. \piiosa
Ceratonta viliqua
Chloroxylon sicretenia
Colophospermum mopane®
Combretum ghasaleme

' plutinosumn
Commiphera spp.

. africana
Cordeaunia edulrs
Cupressuy anzonica
Cybistax doanell - southn
Dalbergra siyvoo
Dunpyron spp
Daodonaea tiscosa
Lnythuna engalensiy
Lrythrophleum africanum
Eucalyptus alba

I astringens

i

bicolor
blakelyr
brockwayi

. calycogona

. camaldulensis *
cambageana
citriodora®
crebra

. flocktontae
pardneri

h

SEmEmEnnny

=

. tlaucina

. gomphocephala®
E. gracilis

E. intertexta
E. mellivdora
L. microtheca®
E. ocadentalis®
. oleosa

I pilularis

L. platypus

L. populnea

o)

E. pyriformis ssp. youngiana

E. robusta
£ rudis
E. salmonophloia
E. salubris
. stricklandii
< tereticornis
E. tetrodonta
k. wrquata
E. viominalis®
Ficus spp.
Geoffraca decorticans
Gleditsta triacanthos
Gmeling arborea®
Grevillea plerosperma
Hakea leucoptera
Haloxylon spp.
H. aplyllum*
1. persicum *®
Heterotheca abaxillaris
Hyphaene thebaica
Inga feyillei
Fsoberlinia dalzielis
1. doka

Jacaranda acutifolia
Juglany neatropica

Krugevdendron ferrewm
Lannea coromandelica
L. schimpert
Leucodendron argenteum
Lophua lunceolata
Lucuma paradoxa
Lywloma sabicu
Maerua aressefolia
Melaleuca leucadendron
Mela azedarach
Mitrapyna africana
Monotey herstingui
Moruy nigra
Olea europuea
Olneya tesota
Parkia dlappertontana
LParkimvona aculeata®
Pius brutia®
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P. canariensis

P. edulis

P. eldarica®

P. halepensis®

P. pinea
Pistacia lentiscus

P. palaestina

P, terebinthus
Pithecellobium dulce®
Poponax macrantha
Prosopis africana

P. alba*®

P. blanca

I caldenia®

P. chilensis®

P. cineraria®

P. farcta®

P. ferox

P. glandulosa

P. inermis
P. juliflora®
P. nigra

P
P.
P
P

. slephantana

~

P

P

pallida®
palmeri
pubescens
spicigera

lamarugo®
torquata

Prunus andersons
Prerocarpus erinaceus

P

lucens

Quercus spp.

Q
0.
0.

coccifera
Jarnetta
pubescens

Retama roetam
Rhanterium epapposum

Salvadora persica
Schinus molle
Sclerocarya birrea
Sterculia setigera = 8.
Tamarix spp. *
T. aphylla®
T articulata®
1" gallica
T meyert

T passerinoides

T. stricta
Lerninalia glaucescens ®

T tomentosa

Zizyphus abyssinica

2. jujuba®

. mauriliang *
. nummularia®
. spina-christi®
. vulgaris

NNNNN

tomentosa

Some Australian Species, other than Eucalypts, with Potential for
Fuclwood (and Multi-usc) in Humid Tropics, Tropical Highlands
and the Sub-tropical Arid/Semi-arid Regions

Source: Boland and Turnbull (1981)

1. Humid tropics
Acacia aulacocarpa +
A. auriculiformis +
A. bakeri
A. ancinnata
A. crassicarpa
A. hylonoma
A. mangium +
Acmena smithi
Agathis robusta
Atlanthus spp.
Albizia spp. +
Alphitonia petrier +
A. whitei
Alstonta muellerana
Argyrodendron spp.
Banksia dentata +
B. integrifolia +

2. Tropical highlands
Acacia dealbata
A decurrens
A. mearnsi
Agaths spp.
Aleurites moluccana
Alphitoma excelia +
A petner
Alstoma scholariy
Araticania bdwilin®
Backhousta anvata
Callicoma serratifolia
Callistemon salignuy
Callitris macleayana

Casuarina cunninghamiana +

Capparis sp.
Cardwellia sublimiy
Casuarina equisetifolia +
Cassia spp. +
Commersonia bartramia
Celtis sp.

Crotun spp.

Diospyros spp.
Flaeocarpus grandis
Furoschinus falcata
Macaranga tanarius +
M. subdentata
Pithecellobium spp. +
Pleiogynium timorense
Terminalia sericocarpa
Tieghemopanax murrayi
1. elegans

Trema onentalis +
Vitex spp.

(. plawa

¢ torulesa
Choricarpa subargentea
Diploglottis australis®
Flindersia bougjotiana
Grevillea 1obusta

G. hilliana +

G. pinnatifids +
Macadamia spp.*
Mallotus pamculatus
M philippensis

M nanoides
Melaleuca leucadendron

Oreocallts wickhamii +
Ontes excelsa +
Syncarpia glomulifera
Trema orientalis
Tristania conferta

T laurina

T neriifolia
Nanthostemon spp.



3. Arid/semi-arid sub-tropical
regions
Acacta aneura**
A. brachystachya
A. cambaget
A cyclops
A. estrophrolata®* +
A fasciculifera
A holosericea
A plectocarpu
A polystachya +
oA shirleyr
A turnida
Alphitoma exceba +
A plalippense
Alstonia actinuphylla
A constricta
Atalaya hemiglawa

Brachychiton populnens®®
B. gregorii®*

Callitris spp.

Casuarina cristata

C. luelmannit
Codonocarpuy spp.
Dodunaea viscora
Erythrina vespertilio
Erythrophleum chlorostachys
Flindersia maculosa
Grevillea parallela +
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Grevillea striata®® +

G. plendifolia

Hakea leucoptera

11 suberea*® 4
Lysiphyllum cunninghami
Melalenca vividiflora
Melia azedarach
Larinari nonda*
Syzygium suborbiculare®
Terminalia platyphylla
1T volucris

Tristania suaveoleny

T grandiflora

*fratt, 2 fodder, v high priority species Sor seed collection and testing overseas.
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Appendix 8k

Species for Tropical Plantations
Source: Webb et al. (1980); and to be included in sccond edition, 1984

Acacia albida

Acacia auriculiformis
Acacia cyanophylla
Acacia ¢yclops

Acacia decurrens

Acacia farnesiana
Acacia mangium

Acacia mearnsiy

Acacia melanoxylon
Acacia nilotica

Acacia pendula

Acacia salicina

Acacia senegal

Acacia tortilis ssp. raddiana
Acrocarpus fraxinifolius
Agathis darmmara
Albizia falcataria
Albizia lebbeck

Alnus acuminata

Alnus nepalensis

Alnus rubra
Anacardium occidentale
Anthocephalus chinensis
Araucaria angustifolia
Araucaria cunninghamii
Araucana hunsteinii
Aucoumea klaineana
Azadirachta indica
Bombacopsis quinata
Brachychiton populneum
Butyrospermum paradoxum
Calliandra calothyrsus
Callitris glauca

Callitris columellaris
Campnosperma brevipetiolata
Carimiaria pynformn
Cassia stamea
Casuanina decaisneana
Casuarina equisetifolia
Casaurina glauca
Casuarina junghuhniana
Cedrela odorata
Ceratonia siliqua
Chlorophora excelsa
Clesstopholis glauca
Colophospermum mopane
Canocarprs lancifolius
Cordia allivdora
Cryptomeria japonica
Cunninghamta lanceolata
Cupressus arizonica

Cupressus lusstanica (including C. benthamii)

Cupressus macrocarpa
Cupressus torulosa
Dalbergia sisso0
Delonix regia
FElacagnus angustifolia
Eucalyptus botryoides

Eucalyptus brockwayi

Eucalyptus camaldulensis (Northern Pravenances)
Eucalyptus camaldulensis (Southern Provenances)
Eucalyptus citriodora

Eucalyptus cladocalyx

Eucalyptus cloéziana

Eucalyptus crebra (Inland Provenances)
Eucalyptus dalrympleana
Eucalyptus deglupta

Eucalyptus delegatensis
Fucalyptus fastipata

Fucalyptus globulus

Eucalyptuy globulus ssp. maidenti
Eucalyptus gomphocephala
Eucalyptus grandis

Eucalyptus intertexta

Eucalyptus largiflorens

Eucalyptus maculata

Eucalyptus melliodora

Eucalyptus microcorys

Fucalyptus microtheca

Fucalyptus nitens

Eucalyptus obliqua

Eucalyptus occidentalys

Eucalyptus paniculata

Eucalyptus pelitia

Eucalyptus propinqua

Eucalyptus regnans

Eucalyptus resinifera

Eucalyptus robusta

Eucalyptus st. johnit

Eucalyptus saligna

Eucalyptus salmonophloia
Eucalyptus sargentns

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

Provenances)
Fucalyptus torelliana
Eucalyptus urophylia
Eucalyptus viminalis
Euphorbia tirucalli
Ficus benphalensis
Gleditsia triacanthos
Glincidia vepium
Gmelina arborea
Grevtllea robusta
Haloxylon aphyllum
Hieronyma chocoensis

Jacaranda copaia
Jacaranda mimosifolia

Khaya senegalensis

Leucaena leucocephala (Hawaiian type)
Leucaena leucocephala (Salvador type)
Ligmdambar styraciflua

Maesopsts eminiy

Melaleuca leucadendron

Musanga cecropioides

Nauclea diderrichi



Ochroma pyramidale

Octomeles sumatrana

Parkia biglobosa

Parkinsonia aculeata

Paulownia tomentosa

Peltophorum ptevocarpum

Pericopsis eleta

Pinus ayacahuite

Pinus Oruifa

Pinus canarimnsis

Pinus caribaea var. bahamensis

Pinus caribaea var. caribaea

Pinus caribaca var. hondurensis

Pinus chiapensis

Pinus elliottii var. ellin*tii

Pinus gregert

Pinus halepensis

Pinus Kesiva

Pinus merkusii (Continental Provenances)
Pinus merkusii (Island Provenances)
Pinus rmichoacana

Pinus montezumae

Pinus cccidentalis

Pinus oocarpa

Pinus palustris

Pinus patula ssp. potula

Pinus patula var. tecunumanii

Pinus pinaster (Portuguese Provenances)
Pinus pinea

Pinus pondervsa var. arzonica
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Pinus pseudostrobus

Pinus radiata

Pinus roxburghis

Pinus taec's

Populus delloides var. deltvides
Prosopis chilensis

Prosopis cineraria

Prosopis juliflora

Prosopis tamarugo

Robinia psevdnacacia
Roseodendron donnell-smith
Salix babylonica var. sacramenta
Samanea saraan

Schinus molle

Schizolobium parahybum
Sesbania grandiflora
Simmondsia chinensis
Swietenia riacrophylla
Tabebuia rosea

Tamarix aphylla

Taxodium distichum

Tectona grandis

Tenniralia brassi
Termsnalia calamansanai
Terminalia ivoiensis
Terminalia superba

Toona ciliuta var. australis
Triplochiton sel.roxylon
Zizyphus spiua-christi
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Appendix 8]

Trees and Bamboos for Integrated Landuse Systems in Malawi
Source: Personal communication, 1.D. Edwards, Forestry Rescarch

Acacia sp.

A. albida

A. polycantha
Acrocarpus fraxingfolius
Adina microcephala
Afzelia quanzensis
Albizia sp.

A. amara

A. glaherrima

A gummifera

A. lebbeck

A. versicolor
Amblygonocarpus andongonsis
Azadirackta indica
Bambusa vulgaris
Bauhinia petersiana
Bauhinia thonnigii
Borassus aethiopium
Brachystegia sp.

B. floribunda

Burkea africana
Carsalpinia decapetala
Cassia stamea

Cassia spectabilis
Cinchona sp.
Colophospermum mopane
Combretum sp.

C. imberbe

C. termifolium
Cordyla africana
Cupressus lusilanica
Dalbergia sissoo
Diplorhynchus condylocarpon
Entada abyssinica
Erythrina abyssinica
Eucalyptus sp.
Euphorbia turicalli
Gliricidia sepium
Gmelina arborea
Grevillea robusta
Hardwickia binata
Hyphaene sp.

Institute of Malawi

ldermitis sp.
Julbernardia paniculata
Kigelia africana

Kirkia acuminata
Leucaena leucocephala
Lonchocarpus cappassa
Maesopsis eminii
Markhamia obtusifolia
Melia azedarach
Monotes africanus
Morus sp.
Oxythenanthera abyssinica
Parinari curatifolia
Farkia filicordea
Pericopsis angolensis
Pinus sp.
Pseudolachnostylis mapronueifolia
Pterocarpus angolensis
Pterocarpus rotundifolius
Sclerocarya caffra
Solanum aruleastrum
Strychnos innocua
Strychnos spinosa
Terminalia sericea
Toona ciliata

Uapaca kirkiana
Ziziphus mauntiana
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Appendix 8]

East Pokot Agricultural Project: Tree Planting Summary 1978-1982
Source: Personal communication, E. Barrow!

Species Comments Species Comments?
°Acacia alhida*® Zizyphus mauritiana® 1,36
®Acacia tortilis® 2,34 Zizyphus mucronata
°Acacia senegal® 23,6 Ceiba pentandra
Acacia ¢yanophylla 1,3,4 °Balanites aegyptiaca® 2,3,4,5
Acacia halosericea** 1,34 °Balanites orbiculans
Acacia aneura 23,4 Leucaena leucocephala K8°* 1,4,5
Acacia salicina 2,34 CAdansonia digitata 1,34
®Acacia eliator*® 2,35 Ceratonia siliqua 2,3
Acacia victoria Bauhinea purpurea
°Acacia mellifera® 2,36 °Tamarindus indica® 2,3,4
Fucalyptus camaldulensis 1,3,5 Erythrina rotunda
Fucalyptus citriodora ®Salvadora persica
Eucalyptus microtheca 1,5 Atniplex nummularia 1,3,4
Fucalyptus wandoo Atriplex halimus
Fucalyptus astringens Stmmondsia chinesis
Fucalyptus torquata Casuarina equisetifolia 1,5
Fucalyptus fernestina Schinus molle
Fucalyptus torquata Stylosanthes scabra
woodwardit Conacarpus lancifolius
Prosapis cineraria Moringa stenapecla
Prosopis juliflora °Delonix elata®
(Baohab Farm, Mombasa)  1,3,4,5 °Diospyros scabra
Prosopts juliflora Bombax spp.
(Isracl, Ben Gurion) 1,3,4,5 Guava
Prosopis chilensis® 1,3,4,5 Cashew
Prosopts pallida 1,3,4,5 Mango, Orange, Pawpaw
Cassta sturtit® 2,34
Cassta stamea* 1,37
Cassia spectabilis
Parkinsonia aculeta 1,37

Azadirachta indica

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

1. L. Barrow, Fast Pokot Agricultural Project, Kositei, Nginyang, PO Marigat, Nakum,
Kenya.

2, No comment = not worth commenting on!

Comments Code

Fast growing
..Slow growing

.. Timber and fuel
Live fencing
Shade
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LEGUMINOSAE

Acacia albida
Acacia abyssinica
Acacia adenocalyx
Acacia brevispica
Acacta clavigera
Acacia etbaica
Acacia lahai

Acacia mellifera
Acacia nilotica
Acacta polyacantha
Acacia recifiens
Acacta senegal
Acacia seyal

Acacia tortilis
Acacia xanthophloca
Albizia anthelmintica
Albizia coniaria
Albizia grandibractenta
Albizia gummifera
Albizia zygia
Enteda abyssinica
AMimosa pigra
Newtonta Luchanaai
Newtonia paucijuga
Parkia filicoidea
Adenocarpus mannit
Cordyla africana
Craibia brownit

MULTIPURPOSE SPECIES

Adansonia digitata
Anacardium occidentale
Balanites acgyptiaca
Borassus aethiopium
Casuarina equisetifolia
Chlorophora excelsa
Chrysophyllum albidum
Commiphora africana
Commiphora throthae
Cordia abyssinica

List of Indigenous Species for Kenya
Source: Owino, 1983

Dalbergia melanoxylon
Dalbergia microcarpa
Erythrina abyssin‘ea
Erythrina burtii
Erythrina excelsa
Indigofera arrecta
Lonchocarpus bulet
Milletia dura
AMilletia usambarensis
Mundulea sericea
Ormocarpum kirkit
Seshania sesban
Tephrosia elata
Tamarindus indica
Trachylobium verrucosum

Julbernardia magnistipulata

Erythrophleun guineense
Cynometra webberi
Deleuix elata

Calia petersiana
Brachystegia spiciformis
Beuhinia tomentosa
Afzelia quanzensis
Acacia gerrardis

Acacta kirkit
Crotalaria laburnifolia
Piliostigma thonningis

Cordia millent
Eurphorbia tirucalli
Ficus sycomorus
Markhamia hildebrandtis
Markhamia platycalyx
Markhamia zanzibarica
Moringa oleifera
Terminalia catappa
Trema guineensis

Apoendix 8l



Species
Field Crops

*1.  Amaranthus
cruentus

*2.  Amaranthus
Aypochondriacus

3. Phaseolus

acutifolius

4. Psophocarpus

tetragonolobus
5. Tylosema
esculentum
6. Zea mays

Trees and Shrubs
7. Acacia albida

* New Accessions.

Seed Available from National Academy of Sciences for Sahel Trials

Common Name

Grain
Amaranth

Grain
Amaranth

Tepary Bean

Winged Bean

Morama Bean

Apple-ring
Acacia

Supplier

Rodale Research
Center

Rodale Research
Center

Meals for Millions

University of Florida

Southwest Texas State
University

University of Florida

ISRA/CNRF, Sencgal

Number

R104

R103

Tpt-1

82/598

Origin

Mexico

Mexico

Sells, Arizona

Kalahari desert

Southern Arizona

Nayobe region, Scnegal

Source: J. Gritzner, NAS, Washington, DC, USA.

Comments

Mexican grain-type amaranth.
High-protein grain, protein-rich
leaves; fast growing; daylength
neutral.

Mecrcado grain-type amaranth.
High-protein grain, protein-rich
leaves: fast growing.

Drought-tolerant crop.

Edible sceds, pods, leaves, and
roots; edible sced oil; livestock feed;
relatively high water requirements.

Edible tuber and seeds, oil, browse;
drought tolerant.

Currently out of stock.

Comes into leaf at the end of the
rainy season and remains green
during the dry season. Soil
conscrvation, livestock feed, tannin,
casily carved wood.

wg xipuaddyy
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A. aneura

A. bolandiert

A. cambagei

A. famnesiana

A. ligulata

A. linarioides
A. nilotica

var. adansonit

A. milotica
var. tomentosa

A. raddiana

A salicina

4. senegal

A. tumaida
A. vctoriar
Adansonia

d-gitata

Anogaissua
letocarpus

Argania spinosa

Nulga

Buajillo

Gidgee

Sweet Acacia

Umbrella Bush

Egyptian Thorn

Umbrella Thorn

Cooba
Gum Arabic

Prickly Wattle
Baobab

Argan Tree

CSIRO, Australia
Texas Department
of Health

CSIRO, Australia
CSIRO. Australia

CSIRO, Australia

CSIRO, Australia
iSRA/CNRF, Senegal

ISRA/CNRF, Senegal

ISRA/CNRF, Senegal

CSIRO, Australia
ISRA/CNRF, Senegal

CSIRO, Australia
CSIRO, Australia
ISRA/CNRF, Sencgal

ISRA/CNRF, Sencgal

Forest Service, Morocco

12791

13485
11147

13425

11506
81/443

82/597

82/599

13379
82/593

11495
13271
82/603

82/571

77307

New South Wales,
Australia

McNullen County, Texas
Queensland, Austrahia

New South Wales,
Australia

Northern Territory,
Australia

Western Australia

Bomdia area, Sencgal

Navobe region, Senegal

Nayobe region, Senegal

Western Australia

Northern Ferlo, Senegal

Western Australia
Queensland, Australia

Bandia, Senegal

Boulai, Senegal

Tamanar, Morocco

Currently out of stock.
Browse, honey production, fuel.

Currently out of stock.

Wood for fuel and posts, tannin,
gum for making mucilage, fodder,
living fences.

Currently out of stock.

Soil conservation.

Fudl, construction, fodder, tannin,
qum.

Fuel, living fences and windbreaks,
fodder, tannin, gum.

Fuel, construciion, fodder, sand
control.

Fuel, soil conservation.

Fuel, censtruction, gum arabic,
fodder, soil conservation, edible
seeds.

Currently out of stock.
Currently out of stock.

Food, bark used to make mate and
paper.

Fence posts, construction and
wood-working, ashes, yield potash.

Oil, construction, charcoal, fruit
and foliage caten by cattle and
goats.
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33.

34.

35.
36.
37.

38.

39.
40.
41.

Atriplex
canescens

A. nummularia

Balanites
argyptiaca

Centrosema sp.
C. brasilianum
C. pascuorum

Conocarpus
lancifolius

Cordeauxia edulis

Desmanthus
vigatus

Eucalyptus
brockwayt

E. camaldulensis

E. camaldulensis
E. camaldulensis

E. intertexta

E. melanophlota

E. microtheca

t

microtheca
E. ocadentalis

Four-Wing
Saltbush

Oldman
Saltbush

Desent Data

Centro

Damas

Yeab

Dundas Mahogany

River Red Gum

River Red Gum
River Red Gum
Inland Red Box

SilverLeaved
Ironbark

Flooded Box
Flooded Box
Flat-Topped Yate

Texas Tech University
Western Australia

Dept. of Agriculture
ISRA/CNRF, Sencgal

CSIRO, Australia
CSIRQO, Australia
CSIRO, Australia

Baobab Farm, Kenya

Baobab Farm, Kenva

CSIRO, Australia

CSIRO, Australia

CSIRO, Australia

CSIRO, Australia

CSIRO, Australia
CSIRO, Australia

CSIRO, Australia

CSIRO, Australia
CSIRO, Australia
CSIRO, Australia

Acc
WaA-/1981

82/602

65967
55696
55697

12346
13476
11738

13158

12846
13360
9806

Wester, Texas

Western Australia

Louga region, Senegal

Progreso, Equador
Petrolina, Brazil
Petrolina, Brazil

Mormbasa. Kenya

Mombasa, Kenva

Salinas. Equador

Western Australia

Northern Territory,
Australia

Western Australia
Queensland, Australia

New South Wales,
Australia

Queensland, Australia

Quecensland, Australia
Western Australia

Western Australia

Browse, ground cover.
Bro-.... ground cover.

Construction, edible fruit, browse;
emulsion from the fruit is lethal to
the snails which are intermediary
hosts of schistosomiasis and to the
witer flea that carries the Guinea-
worm discase; is used to poison

fish.

Currently out of stock.
Browse shrub.
Browse shrub.

Construction, charcoal, fodder.

Currently out of stock.

Currently out of stock.
Sawlogs, posts, firewood.

Coppices well; posts, poles, piles,
fuel, honey production.

Same as above.
Same as above.

Fuel, shelterbelts.
Fuel, honey production.

Fuel, poles and posts, conservation.
Same as above.

Fuelwood, timber, shade.
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43,
44,
5.

48.

49.

50.

59.

60.

62.

E. olecea
var. olecea

E. terminalis
E. tessellaris

E. torquata

Geoffroea

decorticans

Leucarna
leucocephala

I.. leucocephala

L. leucocephala

1. lewcocephala

L. leucocephala

Macroptslium
atropurpureum

M. atropurpureum
M. martii

M martis
Mitragyna mnermis

Parkinsonia
aculeata

Phaseolus

filiformis

Prosopis sp.

Prosopis sp.

P. africana
P. alba

NarrowLeaved
Giant Mallee

Carbeen

CoralFlowered
Gum

Leucaena

Leucacna

Leucaena

Leucaena

Leucacna

Siratro

Siratro

Horse-Bean Tree

Algarrobo Blanco

CSIRO, Australia

CSIRO, Australia
CSIRQ, Australia
CSIRO, Australia

SACOE, CUILE

University of Hawaii

University of Hawaii

University of Hawaii

University of Hawaii

University of Hawaii

CSIRO, Australia

CSIRO. Australia
CSIRO, Australia
CSIRO. Australia
ISRA/CNRF, Senegal
ISRA/CNRF, Senegal

CSIRO, Australia

University of California,
Riverside

University of California,
Riverside

ISRA/CHRF, Senegal
Texas A&l University

12310

11966

12967

10106

EE-7463

K6

K8

K30
K67
K500

85002

Siratro

19780

55783

82/604

80/258

85005

PC 004

PC 005

106
0166

South Australia

Quecensland, Australia
Queensland, Australia

Western Australia

Chilean coastal desert

Zacatecas, Mexico

Marida, Mexico

Santa Cruz Porillo,
Salvador

Australia

Cabo San Lucas, Mexico

Bahia, Brazil
Petrolina, Brazil
Bandia, Senegal

Bandia, Senegal

La Paz. Mexico

Keur-Nactar, Senegal

Argentina (?)

Construction, fuel, essential oil,
honey.

Fuelwowd, honey.
Fuelwood, honey production.

Ornamental plantings, honey
production.
Multiple use.

Currently out of stock.

Fuelwood, forage, construction, soil
improvement.

Fuelwood, forage, soil conservation.

Same as above.

**Cunningham"’ forage cultivar,

Currently out of stock.

Browse shrub.

Browse shrub.

Currently out of stock.
Firewood. medicine, fish baskets.

Fuel, erosion centrol, fodder.
Currently out of siock.
Currently out of stock.
Currently out of stock.
Charcoal, tannin, construction.

Fuel, timber, fodder, food, amenity
planting.
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63. P. alba Algarrobo Blanco  Texas A&I University 0388 Argentina (?) Same as abave.

64. P alka Algarrobo Blanco  University of California, JO 053 Argentina Currently out of stock.
Riverside

65.  P. glandulosa Honey Mesquite  University of Arizona A Yunia, Arizona Currently out of stock.

66.  P. glandulosa Honey Mesquite  University of Arizona B Yuma, Arizona Currently out of stock.

67. P glandulosa Honey Mesquite  University of California PC 032 Santa Ana, Mexico Curiently out of stock.

var. glandulosa
“68. P glandulosa Honey Mesquite  Texas Department of Southern Texas Browse, food for human
var. plandulosa Health consumption, fuel, posts, honey
~ production.

66. P. juliflora Mesquite ISRA/CNRF, Senegal | 757194 Fuelwood. construction, fodder,
food for human consumption, gum,
honey.

70. P velutina Velvet Mesquite  University of Arizona 162 Tucson, Arizona Currently out of stock.

71 P. velutina Velvet Mesquite  University of Arizona 163 Tucson, Arizona Currentiy out of steck.

72. P. velutina Velvet ?\dcsquﬂr University of Arizona 164 Tucson, Arizona Clurresily out of stock.

73. P veluting Velvet Mesquite  University of Arizona 165 Tucson, Arizona Currently cut of stock.

74 P. velutina Velvet Mesquite  University of Arizona 171 West of Tucson, Arizona Currently out of stock.

75. P relutina Velvet Mesquite  University of Arizona 172 Tucson, Arizona Currently out of stock.

76. P veluting Velvet Mesquite  Texas A&I University 0457 Kingsville, Texas Currently out of stock.

77. P celuting Velvet Mesquite  University of California PC 035 Arizona Currently out of stock.

Riverside

78.  Simmondsia Jojoba University of Arizona Southern Arizona Liquid wax; browse; salt tolcrant,

chinensis drought tolerant.

79.  Stylosenthea CSIRO, Australia Verann Coastal South America Browse shrub.

hanata

80. S. scabra CSIRO, Australia Q10042 Rahia, Brazil Browse shrub.

81. 8 scabra CSIRO, Australia Fitzroy Bruwse shrub.

82. S. scabra CSIRO, Australia Seca Browse shrub.

83. S. sympodialis CSIRO, Australia 67703 Coastal Equador Browse shrub.

84.  Tarchomanthus Camphor Bush Bolus Herbarium Bloenfontein, South Fuelwood, fodder, windbreaks,

camphoratus Africa termite-resistant wood, medicinal

uses.
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Species and Uses of Bamboos in Asia
Source: Lessard and Chouinard, 1980

Uses, local names, and location of some species in Malaysia.

Table 1

Species

Present/suggested uses

Local name

Location

Bambusa arundinacea
blumeana
burmanica
glaucescens

heterostachya

klossit
magica

montana
pauciflora
ridleyi
spinosa
ventricosa
vulgaris

DT Wk b b

wrayt
Dendrocalamus asper

. dumosus

. elegans

. gigantéus

. hirtellus
pendulus
sinuatus
strictus
Dinochloa scandens
Gigantochloa sp.

SISESESESISRS

Picket fences, garden stakes, trellises,
baskets, ornamental and hedge plants

Building purposes, baskets, mats, hats
Furniture, paper, pulp, shoots,
landscaping

Laminated trays, plywood, vencer, bridges,
fences, water vessels, racks, tables, chairs,
cages, fish traps, shoots

Basket making

Rope making
Structures

Buloh duri
Buloh aloh bukit
Buloh pagar

Buloh tilan/minyak/
pering/pengat

Buloh perindu

Buloh padi
Buloh akar

Buloh minyak aao/
aro/beting/pan
Buloh sumpitan
Buloh beting

Buloh betong
Buloh kapur

Buloh akar

Buloh akar

Penang, Singapore Botanic Gardens

Penang, Selar.gor (Kepong), Pahang (Pekan)
Kedah, Alor Star, Singapore

Originally from Japan and China

Perak, N. Sembilan, Melaka, Johore,

Singapore
Kedah, Perak (1000

Pahang, Cameron Highland, Selangor,

Ulu Semangkok

Penang Hill, Kedah
Pahang, Fraser Hill
Pahang, Singapore

m)

Originally frorn China

All over Malaysia

Perak-Gunong Inas (1500-2000 m)

Cultivated for shoots all over Peninsular

Malaysia

Kedah (Baling Hill), Langkawi
Kedah, Pulau Langkawi, Penang

Originally from Burma

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

Perak, N. Sembilan, Trengganu, Pahang
Originally from Irdia

Perak

ug xipuaddy
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apus
hasskarliana
latifolia
levis
ligulata

Q 90000

maxima
var. vinidis
var. minor
var. ridley
G. scortecheniy

G. wrayi
Schizostachyum

aciculare

S. brackyeladum

S. gracile

S. grande

S. insulare

S. jaculans

S. longispiculatum

S. terminale
S. zolitngeri

Handicrafts

Rims for large baskets

Wind instruments, handicrafts

Handicrafts, baskets, traps, hats, woven
wares, rafts, floors, walls, patitions

cooking vessels

Buloh pahit
Buloh bisa

Buloh tikus/bilala

Buloh semantan,

telur/rayah/Pa-aao/

gala/seremai

Buloh beti

Buloh padi/akar

Buloh nipis/lemang/

padi/urat/rusa/
pelang

Buloh rapen/akar

Buloh semeling/
semenych

Buloh sumpitan/
temiang/kerap/
tikus

Buloh telor/pelang
nipis/dinding/kasap/

lemang/aur

Selangor (Serdang), Singapore Botanic Gardens
Penang, Singapore

Kedah, Perak, Pahane

Selangor, Melaka, Johore, Singapore

Perlis, Kedah, Perak. Pahang, Selangor,
Kelantan

Selangor (Serdang)

Johore, Kota Tingei

FRI. Kepong

Province Wellesley, Singapore Botanic Gardens
Kedah, Penang, Perak, Selangor, N. Sembilan,
Kelantan, Pahang

Kedah. Pahang, Province Wellesley, Perak,
Selangor
Johore, Selangor, N. Sembilan, Melaka

Kedah, Penang, Perak. Pahang, Johore

Johore: Selat Teberau, Kota Tinggi, Segamat,
Sg. Sedili: Melaka: Bukit Tungal, Air Panas
Selangor: Sungai Labu; Pahang: Kuala

Bera. Pekan

Kedah: Grik: Perak: Cameron Highland;
Pahang: Kuala Lipis. Kelantan, Selangor
Pulau Langkawi, Kedah, Penang, Johore
Pahang, Selangor. Meclaka, Johore, Singapore,
Perak

In all states except Perlis, Kedah, P. Pinang,
Trengganu. Province Wellesley

Kedah; Inchong Estate, Sg. Kenan

Perak, Selangor. N. Sembilan, Pahang, Johore
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Table 2
Species of bamboos and their uses in Indonesia

g o ] g 5 g G}
vz 23, ¢ § 2 =z & %, 2 - 2 > £
2T £T 3 § % £ § 5 2f £ fF 48 & £

. 3t £ & 5 £ E £ F g% 1 3% 26 B EE

Species RE wne A (A i i 2 v2 @ SE £ = 04
Arundinaria japonica . . .
Bambusa arundinacea . . . .
B. atra [ . . °
B. blumeana . . . . .
B. glaucescens . . .
B. polymorpha U . .
B. vulgaris . . . . . ° °
Dendrocalamus asper . . . . . . . . .
Dinockloa scandens . .
Gigantochloa apus . . LI . . . . . .
G. atter . . ° . . . . . .
G. aff. atter ) . . . . ° . °
G. verticillara . ° . . . . ° .
Nastus elegantissimus b i
Phyllostachys aurea . .
P. nigra .
Schizostachyum blumei L . . . . . .
S. brachycladum . . . . . . . . .
S. caudatum ‘ L] .
S. lima . ° . . . °
S. zollingeri . . . . . ° ® °

Thyrsostachys stamensis .
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Table 3

101

Consumption (%) of bamboos in Asia-Pacific Region by end-use and a breakdawn 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; Korca, Ko).

Pulp
Construction Rural  Packag- manu- Other
Country Housing  Others uscs ing facture uses
Bangladesh 50 10 20 5 10 5
Burma 33 32 32 5 - 1
India 16 16 30 7 17 14
Japan 24 7 18 7 4 41
Philippines 80 - 15 2 - 3
Thailand 33 20 6 - 33

Walling of native huts
Bambusa tulda (Bu, Ba, Ind)
B. polymorpha (Bu)

B. blumeana (Ph)

B. atra (Ind)

Dendrocalamus asper (Ind)
Gigantochloa nigrociliata (Ind)
Melocanna baccifera (Ba)
Neohouzeoua dulloa (Bu, Ba)
Sinobambusa elegans (In)
Schizostachyum lumampao (Ph)
Thyrsostachys siamensis (I’h)
T. oliveri (Th)

Lance staves

Bambusa blumeana (Ph)
Dendrocalamus strictus (In, Bu)
Ochlandra travancorica {In)

0. seniptorica (In)
Sthizostachyumn lima (Ind)
Thyrsostachys siamensis ('Th)

T oliveri ('Th)

Thatching and roofing
Bambusa arundinacea (In, Ba, Bu, Ind)
B. tulda (In, Ba, Bu)

B. vulgaris (Ind)

B blumeana (Ph)

B. polymorpha (In, Bu, Ba)
Dendrocalamus strictus (In, Ind)
D. longispathus (Ba, Bu)

D. membranacens

D. brandisi

D. hamiltonis

Gigantochloa atter (Ind)
Chimonohambusa falcata (In)
Melocanna baccifera (Ba, Bu)
Neohouzeoua dulloa (Ba, Bu)
Oxytenanthera monodelpha ( In)
Schizostachyum brachycladum (Ind)

Teca estates
Pseudostachyum: polymorphum (In)

Constructions
Bambusa polymorpha (In, Ba, Bu, Ind,
Th)

B. ba'zoa (In)

B. tulda (In, Ba, Bu, Ind)

B. arunlinacea (In, Ba, Ind, Th)
B. nutans (In, Bu, Th)

B. khasiana (In)

B. vulgaris (In, Ba, Ph, Ind)
B. burmanica (Ba)

B. pallida (Bu)

B. blumeana (Ph, In)

B. atra (Ind)

Cephalostachyum pergracile (In, Ba, Bu)
Deidrocalamus membranaceus (In, Ba,
Bu)

D. hamiltonii (In, Ba, Th, Bu)
D. giganteus (In, Ba, Ind, Bu)
D. longispathus (In, Ba, Th)

D, strictus (In, Bu)

D. calostachyus (Bu)

D. merrillianus (Ph)

D. asper (Ind)

Gigantochloa nigrociliata (In, Ind)
G. verticillata (Bu, Ind)

G. levis (Ph)

Melocanna bacetfera (In, Ba, Bu)
Neohouzeoua dulloa (In, Bu)
Oxytenanthera nigrociliata (Ba, Bu)
Schizostachyum lumampao (Ph)

S. brachycladum (Ind)

S lima (Ind)

Teinostachyum beddomei (1 n)
Thyrsostachys oliveri

Phyllostachys sp. (Ja, Tai, Ko)

Walking sticks

Arundinaria armata (In)
Dendrocalamus strictus (In, Bu)
Oxytenanthera nigrociliata (Ba, Bu)
Phyllostuchys manni

Basket making

Arundinaria intermedia (In)
Bambusa nutans (In, Bu)

B. pallida (In, Th)

B. khasiana (In)

B. amundinacea (In, Bu, Ind, Th)
B. tulda (Ba, Bu, Ind, Th)

B. vulgaris (Ba, Bu, Ph, Ind)
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B. villulosa (Bu)

B. flexuosa (Th)

B. polymorpha (Ba, Ind, Th)

B. blumeana (Ph, Ind)
Chimonobambusa faleata (In)
Cephalostachyum pergracile (Ba, Bu)
Dendrocalamus hamitltonit (In, Bu)
D. longispathus (In, Ba, Bu, Th)
D. strictz: {in, Bu)

). piganteus (In, Ba, Ind)

D. merrillianus (Ph)

D, asper (Ind, Th)

Dinschlou compactifiorns (Bu)
Greantochloa nigrociliata (In, Bu)
G macrostachya (Bu)

Indocalamus wiphtiana (In)
Melocanna baccifera (Ba, Bu)
Neohouzeoua helferi (In)

N, dulloa (Bu)

Oxytenanthera ritcheyi (In)

0. nigrocihicta (Ba, Bu)

0. monestigma (Bu)
Paendortachyum: polymorphum (Bu)
Schizostachyum diffusion (Ph)

S dumampao (Ph)

Thamnocalumuy spathiflora (In)
Teinostachyum helferi (Bu)

1. oritfithii (Bu)

Phyllostachys sp. (Ja, Ko, Taiy

-

Loading vessels
Neohauzeoua dulloa (In)
Teinostachyum dulloa

Bows and arrows

Baminia flexuosa ('Th)

B. arundinacea (1n)
Cephalostachyum capittatum (In)
C. pergracile

Dendrocalamuy strictis (In)
Schizostachyum roeersit (Bu)

S lima (Indy

Cooking utensils

Bambwsa arundinacea (Ind, Ba, Bu, Th)
B. blumeana (Ph)

Cephalostrachyum pergracrle (In, Ba, Bu,
Th)

Gigantochloa atter (Ind)

Neohouzeoua dulloa

Schizostachyum zollingers

Mats

Arundinaria tntermedia (In)

Bambuwsa nutamy (In, Bu)

B teres (In, Bu)

B tulda (In, Ba, Bu, Ind, Th)

B pallida (In, Ba, Th)

B. arundinacea (In, Ba, Bu, Ind, Th)
B. Mumeana (Ph, In)
Cephalostrachyum pergracile (In, Ba, Bu)
Dendrocalamus stricins (hn)

D hamtltonde (In, Ba, Bu, Th)

D). merndlianus (Ph)

D membranaceny ('T'h)

1. brandisi (‘Th)

Dinochloa distans (Bu)
Gigantochloa levis (IPh)

G. atter (Ind)

v macrostachya (Bu)

G. apus (Ind)

Indocalamus wightiana (In)
Melocanna haccifera (Ba)
Pseudostachyum polymorphum (Bu)
Schizostachyum tnmampao (Ph)
Teinostackyum dullon (In, Bu)
Thyrsostachys stamensiy ('Th)

-~

Water and milk vessels (Chunga);
water buckets; cups; containers
Bambwsa pallida (In, Ba)

B tulda (Ba, Bu)

B. blumeana (Ph)

Dendrocalumus vikkimensis (In)

D gigantens (In, Ba, Bu, Ind, Th)
D, hookers (In, Bu)

D. brandisi (Bu)

D wsper (Indd)

D. hamiltonii (Thy

Grgantochloa leeis (Ph)

G wmper (IPh)

Melocanna haccifera (B, Bu)

Hedges

Bambusa nana (In, Ba, Bu, Th)
B. vulparis (Ba, Ind)

B. halcoa (Ba, Ind)

B. arundinacea (Bu)
Cephalostaclyum pergracile (Bu)
Cephalostachyur v burmanicum (Bu)
Dendrocalamus grgantews (In, Ba, Bu, Ind,
Th)

Grgantochloa atter (1nd)

G onigroctliae (Ind)
Oxytenanthera nigrociliata (Ba)
Thynostachys siamensis

Fuel
All bamboos and rhizomes of bamhboos

(In, Ba, Bu, Ind)

Seed food

Bambusa arundinacea (In, Ba, Bu)
Cephalostachyum: pergracile (In, Ba, Bu)
Dendvocalamuy strictuy (In)

Dinachiva compactiflora (Bu)

Melocanna baccifera (Ba, Bu)
Thyrsostachys olivers (B, Bu)

Furniture

Bambuwsa tulda (Ba, Bu)
B. planceseens (Ind)

B. vudparsy (Ind)

B. arundinacea ('T'h)
Dendvocalarnus strieas (In, Ba, Bu)
D. membranacens ('Th)
D. hrandisi ('T'h)

D latiflorus

D dongispathus ('Th)

D avper (Th)
Cigantuchloa atter (Ind)
G oapuy (Ind)
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Melocanna baccifera (Ba, Bu) Fishing rods
Schizostachyum diffusum (Ph) Arundinaria amabilis (In)
Thyrsostachys siamensis (Lu, [h) Bambusa glaucescens (Ind)
All thick-walled spectes (Ph, Ind) B. atra (Ind)
Phyllostachys sp. (Ja, Ko, Tai) ChimonoSambusa falcata (In)
C. thasiana (In)
Agricultural implements C. intermedia (In)
Bambusa vulgaris (Ba, Bu, Ind, Ph) Dendrocalamus strictus (In)
B. balcoa (Ba, Bu, Ind) Schizostachyum zollingeri (Ind)
B. blumeana (Ph, ‘Th) S. blumer (Ind)
B. flexuosa ('T'h) S. lima (Ph)
Dendrocalamus strictus (In, Bu, Th) Thyrsostachys siamensis (Th, Ind)
D. mernillianus (Ph) T. cliveri (Th)
D. asger (Th) Phyllostachys nigra (Ja)
Ochlandra travancorica (In)
Thyrsostachys siamensis (‘'Th) Shoots for food
T. olivert ('Th) Bambusa tulda (In, Ba, Bu, Ph, Ind)
All thinner varicties (In, Ba, Bu) B. arundinacea (In, Ba, Bu, Ind)
B. nana (Bu)
Fodder B. wvulgaris (Bu, Th, Ind)
Arundin:ria 1acemosa (In) B. blumeana (Ph)
Chimonobambusa densifolia (In) B. glaucescens (Ind)
Cephalostachyum pergracile (In) Dendroc.lamus hamiltonii (Ba, Bu)
Dendrocalamus strictus (In) D. latiflorus (Tai)
D. sikkimensis (In) D. giganteus (In, Ind)
Leaves of all bamboos (Ba, Bu, Ind) D. longispathus (8a)
D. flagellifer (Bu)
Floats for timber; rafts D. merrillianus (Ph)
Bambusa arundinacea (In, Bu, Th) D. asper (Ind, Th)
B. blumeana (Ph, Ind) Dinochloa scandens (Ind)
BDendrocalamus hamiitonii (1r,, Bu) Gigantochloa nig:ociliata (Ind)
D. langispathns (Ba) G. hasskarliana (Ird)
D. distans G. verticillata (Bu. Ind)
1. asper (Ind) G. levis (Ph)
D. membranacens ('1'h) G. atter (Ind)
Ochlandra seriptoria (1n) G. albociliata \'Th)
Melocanna laccifera (Ba, Bu) Phyllostachys edulis (Ta, Ja, Ko)
M. compactiflorus (Th) Schizostachyum brachycladum (Ind)
Neohouzeoua dulloa (Ba) S. blumei (Ind)
S. zollingeri (Ind)
Tool handles Sinobambusa elegans (In)
Bambusa blumeana (Ph, Th) Thyrsostachys siamensis (Th)
B. flexucsa ('Th) All large bamboos-shoots (7'h)
B. polymorpha (Ba, Bu, Ind)
Dendrocalamus asper General utility
D. strictus (In, Th) Rambusa arundinacea (In, Ba, Bu)
D. mernilianus (Ph) B. tulda (Bu)
Ochlandra travancorica (In) B. pallida (Bu)
Tenostachyum griffithic (Ba, Bu) B. blumeana (I'h)
Thyrsostachys siamensis ('Th) B. vulgaris (Ph)
Solid varieties (Ind) Cephalostachyum pergracile
C. burmanicum
Fencing Dendrocalamus strictus (In, Bu)
Indocalamus wightianus (In, Ba, Bu, Ind, D. haokeri (In, Bu)
Ph, 'Th) D. hamiltonit (Ba)
All bamboos (In, Ph, Ba, Bu, Ind, Th, Ja, D. calostachyus (Bu)
Ko, Tai) D. memillianus (Ph)
Dinochloa sp. (Ph)
Hookah pipes Gigantochloa levis (Ph)
Chimanohambusa falcata (In) G. asper (Ph)
Phyllostachys sedan (Bu) Neohouzeoua dulloa
Thamnocalamus spathiflora (In) All strong bamboos (Ind, Th, Ja, Ko, Tai)
T aristatus
Teinustachyum griffithiy Punting poles

Oxytenanthera stockssi (In)
Solid varictics (Ba, Bu)
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Phyllostachys nigra (Ja) Musical instruments (flutes; marimba;

horns; clarinets; flageolets; saxophones;

Sericultural industry — trays for
silkworms

Bambusa arundinacea (In)
Dendrocalamus strictis (In)
Thyrsostachys stamensis ('T'h)

All bamboos (Ba, Ind)

Chicks for doors and windows
Bambusa arundmacea (In, Bu, Ind, Th)
B. polymorpha (Ba, Bu)

B. blumeana (Ph, Ind)

B vulgans (Ind)

Dendrocalamus strictus (hn)

D. longispathus (Th)

D. membranacens ((T'h)

Melocanna bambuwsoides
Neohouzeoua dulloa (Ba, Bu)
Schizostachyuon lumampao (Ph)

N. zollingert (Ind)

Fhyrostachys starensis ('Th)

T. olivers ('Th)

All bamboos (Ja. Ko, Tai)

Pipes

Bumbwsa arundimacen (Bu)
Neohouzeoua dullvn (Bu)
Temostachyum priffithu (In, Ba)

Haystack stabilizers

Bambusa vulgarts (Ba, Bu)

B tulda (Ba, Bu)

B blumeana (Ph)

Dendrocalamuy stnictus (In)

All bamboos can be used (Ind)

Horticultural pursuits
Bambwsa arundinacea (In, Bu)
£ polymorpha (Ba)

B blumeana (Ph)
Dendrocalamus strictus (In)
Melocanna baccifera (Ba, Bu)
All bamboos (Ind, 'Th)
Other strong species (Phy

Cremation; coffins
Bambusa arundinacea (In)
Dendrocalamus strictus (In)
All bamboos

Cradles
Bambusa arundinacea (In)
Dendrocalamus strictus (In)

Scafiotding
Bambrsa arundinacea (In)
Dend;ocalamnus strictus (In)

Cart yokes
All Lurgessized, hard and solid bamboos

(I

Ladders
Bambusa arundinaced (In)
Dendrocalamus strictus (In)

piccolos; drums; cte.)
Arundinana sp.

Arundinaria mitskavamensis (Ph)
Dendracalamus strictus (In, 'T'h)
D. Alongispathus ('Th)
Crgantochloa atter (Ind)
Schezostachyum lina (Ind)

S blumer (Ind)

All small-sized bamboos (Ph)

Containers for cleaning grains
All bambaoos (In)

Protection during grain pounding
Bambuwsa arundinacea
All Large-sized bamboos (In)

Cart sheds; roofs

Bambwa blumeana (Ph)
Dendrocalamus mernillianus (Ph)
All bamboos (In)

Stakes for foresters
Thyrsostachys sramensy ((Th)
T oliveri (T'hy

All bamboos (In)

Country tiles
Bambu.a arundinacea (In)

Pan trays
Nrohouzeoua dulloa (In)
Tetnostachyum dulloa (Bu)

Seed drills

Dendrocalamuy strictus

Containers to administer medicine to
animals
Bambusa arudinacea (In)

Fishing implements; floats, pens; traps
Bambusa polymorpha (Ba, Bu, Ind)
B atra (Ind)

B. vulgaris (Ba, Bu)

B blumeana (IPh)

Grgantochloa levis (Ph)

Melocanna baccifera (Ba, Bu)
Neohouzeoua dulloa (Ba, Bu)
Schizostachyum blumeana (Ind)

S. dumampao (I'h)

Boat roofs

Bambusa arundinacea (In)

B tulda (Ba, Bu)

B blumeana (I"h)

Melocanna baccifera (Ba, Bu)

Ornaments

Bambuwsa vulgarsy (Ind, Ba, Bu, In, Ph)
B. nana (Ph)

B vulgarts var. stnata (PPh)

B. planwcescens (Ph)

B polymorpha (Ind)



R. atra (Ind)

Cephalostachyum pergracile (In)
Dendrocalamus giganteus
Phyllostachys aurea (Ind)
Schizostachyum brachycladum (1nd)
8. zollingeri (Ind)

Thyrsostachyy stamensis

Culm sheaths (irrigation)
Bambusa Mumeana (Ph)

Climbing species of hamboos (Ph)
Dendrocalamus longispathus (Bu)
Gigantochloa macrostachya (Bu)

G, levrs (IPh)

Cordage

Bambusa vulparts (IPh)

B atra (Ind)

Dendrocalamuy stricts (Bu)

D, merndlianuy (Ph)

Dinochloa scandeny (Ind)
Prendostachyum: polymarphum (Bu)

Inner layer of culm sheath as cheroot
wrapper
Dendrocalamus harmiltomai (Bu)

Plaited shoces
Dinochloa compactiflora (13u)

Boat masts

Bambwsa blumeana (Ph)
Dendrocalamus hrandivd
Gigantochloa lecrs (Ph)

Joints for cooking glutinous rice
Cephalostachym: pergracile (Bu)
' hurmanicum (Bu)

Bridges

Bambwa hlumeana (h)
B. valparis (Ph)

B. arundinacea (Ph)

Boat plying rods

Bumbuwsa polymorpha (Ba, Bu, Ind)
B. glaucescens (Ind)

Melocanna baceifera (Ba, Bu)

Rickshaw hoods
Bambusa vulparis (Ba)

Pea sticks
Thamnocalamus spathiflora (1n)

Barbecue skewers
Bambusa blumeana

Trellises

HRumbusa arundinacea (In)
B. Mumeana (In)

All large-sized bamboos

Flues
Bambusa hlumeana (Ph)
B glawcescens (Phy
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Schizostachyum lumampao (I’h)

Hats
Bambusa blumeana (Ph)
B. vulparis (Ph)

Barrels for toy cannons
Bambusa blumeana (1Ph)
Gigantochloa levis (Ph)

Sledges (transport)
Bambusa hlumeana (I’h)
Dendrocalumus merrillianus (1°h)

Handicrafts

Bambusa blumeana (Ph, Ind)
B. vulgarns

Dendrocalamus asper (Ind)
Dinochloa scandens (Ind)
Gigantochloa vesticillata

(. aller

G aps

Nastus elegantisiimis
Schizostachvum Iima (Ph)
S brachycladum

S bumer (Ind)

All biataboos (‘Th)

Sprayers

Bambusa blumeana (Ph)

Polo mallets
Bambusa blumeana (Ph)

Umbrella handles

Melocanna baccifera (B, Bu)
Oxytenanthera stocksis (Indy
Tetnostachyum griffithti (Ba, Bu)
Thyrsostachys stamensts (Bu)

Shuttles

Bambusa blumeana (Ph)

Piculan
Bambusa glaucescens (Ind)

Tobacco drying
Dinochloa scandens (Ind)
Nastus elegantissimus (Ind)
Phyllostachys edulis (Jap)

Eyeliner
Dinachloa scandens (Ind)

Jaundice treatment
Bambusa vulgaris (Ind)

Ladders
Bambwa arundinacea (Ind)
Dendrocalamus strictus (Ind)

Afforestation of riverbanks and soil
conservation areas; shelter belts;
windbreaks

All bamboos
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Appendix 8n

Uses of Bamboos in India
Source: Varmah and Pant (1981)

‘Afforestation of river banks and soil conservation areas, shelter belts and
wind belts: all bamboos.

Agricultural implements: Bambusa balcooa, Bambusa vulgaris, Dendrocalamus
strictus, Ochlandra travancorica, all thinner varieties.

Bamboo hats: Lambusa blumeana, Bambusa vulgaris.

Basket making: Arundinaria intermedia, Bambusa arundinacea, Bambusa nutans,
Bambusa pallida, Bambusa khasiana, Bambusa tulda, Bambusa vulgaris, Bambusa
polymorphia, Chimonobambusa falcata, Dendrocalamus giganteus, Dendrocalamus
longispathus, Dendrocalamus hamiltonit, Dendrocalamus strictus, Giganlochloa
nigrociliata, Indocalamus wightiana, Neahauzeaua helfert, Oxytenanthera ritchevi,
Thamnocalamus spathiflora.

Boat plying rod: Bambusa glaucescens and Bambusa polymorpha.

Bows and arrows: Bambusa arundinacea, Cephalostachyum capitatum,
Cephalostachyum pergracile, Dendrocalamus strictus.

Bridges: Bambusa arundinacea, Bambusa vulgaris.

Cart containers and roof: All bamboos.

Cart yokes: All large sized hard and solid bamboos.

Chicks for doors and windows: Bambusa arundinacea, Dendrocalamus strictus.
Combs: Oxytenanthera bourdillonii.

Containers for cleaning grains: All bamboos.

Containers to carry maps: Oxytenanthera bourdillonii.

Constructions: Bambusa polymorpha, Bambusa balcooa, Bambusa tulda, Bambusa
arundinacea, Bambusa nutans, Bambusa khasiana, Bambusa vulgaris, Bambusa
blumeana, Cephalostachyum capitatum, Cephalostachyum pergracile, Dendrocalamus
membranaceus, Dendrocalamus hamiltonii, Dendrocalamus ~ giganteus,
Dendrocalamus  longispathus, Dendrocalamus strictus, Gigantochloa nigrociliata,
Melocanna baccifera, Neohauzeaua didlooa, Oxytenanthera stocksii, Teinostachyum
beddomet, Thyrsostachys oltver!.

Containers to administer medicine to Bulls and animals: Bambusa
arundinacea.

Country tiles: Bambusa arundinacea.
Cooking utensils: Bambusa arundinacea, Cephalostachyum pergracile.
Cradles: Bambusa arundinacea, Dendrocalamus strictus.

Cremation & Coffins: Bambusa arundinacea, Dendrocalamus strictus and all
bamboos.

Fencing: Indocalamus wightianus, Oxytenanthera monodelpha, Oxytenanthera ritchevi
and all bamboos.

v

Fishing rods: Arundinaria amabilis, Chimonohambusa falcata, Chimonobambusa
khastana, Chimonobambusa intermedia, Dendrocalamus strictus.
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Floating timber and rafting: Bambusa arundinacea, Dendrocalamus hamillonii,
Ochlandra seriploria.

Flooring: Bambusa polymorpha.

Fodder: Arundinaria racemosa, Chimonobambusa denstfolia, Cephalostachyum
capitatum, Cephalostachyum pergracile, Dendrocalamus sikkimensis, Dendrocalamus
strictus, Ochlandra {ravancorica, Bambusa arundinacea and leaves of all hamboos.

For Jaundice: Bambusa vulgaris.
Fuel: All bamboos and rhizomes of bamboos.

Furniture: Bambusa arundinacea, Bambusa glaucescens, Bambusa tulda, Bambusa
vulgaris, all thick walled species.

General  utility:  Bambusa  arundinacea,  Bumbusa tulda,  Cephalostachyum
hurmanicum, Cephatostachyum pergracile, Dendrocalamus hamiltonii, Dendrocalainus
hookeri, Dendrocalamus strictus, all hamboos which are strong,

Handicrafts: Bambusa blumeana, Bambusa vulgaris,
Hedges: Bambusa nana, Dendrocalamus grganteus.

Hookah pipes: Chimonobambusa Jaleata, Thamnocalamus aristatus, Tenostachyum
eriffihil, Thamnocalamaus spathiflora,

Horticultural pursuits:  Bambusa arundinacea,  Dendrocalamus strictus, all
bamboos and other strong species.

Ladders: Bambusa arundinacea and Dendrocalamus sirictus.

Lance staves: Dendrocalamus strictus, Ochlandra seriptorica, Ochlandra travancorica,
Lattle shats: Dendrocalamus strictus, Ochlandra species,

Loading vesscls: Neovhawzeana dullova.

Mats: Arundinacin intermedia, Avundinacia racemosa, Bambusa arundinacea, Bambusa
blumeana, Bambusa nutans, Bambusa pallida, Bambusa teres, Bambusa tulda,
Cephalostachyum  pergracile,  Dendrocalamus hamiltonii,  Dendrocalamus striclus,
Indocalamus wightiana,  Neohauzeawa dullooa, Ochlandra strictorica, Qchlandra
travancorica, Oxytenanthera migrociliata, Teinostachyum dullooa.

Match boxes and splints: Ochlandra travancorica.

Musical instruments: (Flutes, mariba, horns, clarionets, flagerlets,
saxophanes, piccolos, drums, cte.): Arundinaria spp., Dendrocalamns strictus,
all small sized bamboos.

Ornamental  purposes:  Bambua vulganis, — Cephalostachyum pergracile,
Dendrocalamus — gigantens, | hyllostachys— aurea,  Oxytenanthera monadelpha,
Thyrsostachys stamenyiy,

Pandals for shade: All hamboos.
Pan trays: Neohauzeana dullooa.

Paper and Pulp: An idea about the changes in the udilisation pattern of
banmboo in the production and paper board can be had from Table 1.
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Table 1
Production of Paper and Faper Board and Consumption of the Raw Alaterial for the Industry

Name of Raw material and its percentage (by weight)

e 3 H .
Total Production use in the manufacture

Year of Paper & Board

. ; -
in '000 tons Grass | Rags Waste | Agricultural Bamboo Hard [Imported

Paper waste wood | wood
1936 40 29.31 7.27  5.01 0 49.08 0 933
1952 130 12.86 6.30 6.30 0 73.59 0 0.95
1958 203 8.23 411 411 3.29 7413 115 4.98
1970 758 9.75 4.87 7.31 2.43 56.09 19.51  0.04
1975 959 9.83 4.09 6.5 2.45 47 34 29.54  0.00
1980 2001 6.42 3.66 6.42 2.75 29.35 51.37  0.03

(estimated)

Source: Pant, M.M., 1977: ‘Socio-Fconomic 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
Baméusa arundinacea. "I'he mills in the north mainly use the former species while
those in the cast and the south use both. Bambusa nutans, Bambusa tulda,
Dendrocalamus hamiltonii and elocanna haccifera are some of the other bamboo
species with limited uses. Presently, nearly 3 million tons of bamboos are used
annually by the paper industry with possibilities of a substantial rise in the
intake if cconomically available.

Other suitable species are:- Neohauzeaua dullooa, Ochlandra brandsii, Ochlandra
reheedii, Ochlandra seriptoria, Ochlandra setigera, Ochlandra wightit, Oxytenanthera
nigrociliata, Bambusa arundinacea, Bambusa nutans, Bambusa polymorpha, Bambusa
tulda, Dendrocalamus asper,  Dendrocalamus brandisit,  Dendrocalamus - harmiltonii,
Dendrocalamus  longispathus,  Dendrocalamus membranaceus,  Thyrsostachys  oliveri,
Thyrsastachys stamensis.

Pea sticks: Thamnocalamus spathiflora.
Pipes: Bambusa arundinacea, Dendrocalamus hamiltonii and Teinostachyum griffithii.
Polo mallets: Bambusa blumeana (Basal portion of culm).

Protection while pounding grain: Bambusa arundinacea and all big sized
bamboos.

Punting poles: Oxytenanthera stockstt, Oxytenanthera ritchevt, solid varieties,
Rickshaw hoods: Bambusa valparis, Dendrocalamus species.

Roofing of boats: Bambusa arundinacea, Bambusa tulda.

Scaffolding: Bambusa arundinacea, Bambusa valgaris, Dendrocalamus strictus.

Sced food: Bambusa arundinacea, Cephalostachyum pergracile and Dendrocalamus
strictus.

Sced drills: Dendrocalamus strictus.

Scricultural Industry: Trays for rearing silk worms: Bambusa arundinacea,
Dendrocalamus strictus, Thyrsostachys stamensis.
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Shoots as vegetables and food: Bambusa arundinacea, Bambusa nana, Bambusa
tulda, Bambusa ovulgaris, Dendrocalamus gganteus, Dendrocalamus hamiltonis,
Dendrocalamus longispathus, Sinobambusa elegans and all large bamboo shoots,

Stabilising haystocks: Bambusa blumeana, Bamhusa tulda, Bambusa vulgaris,
Dendrocalamus strictus (All bamboos can be used).

Stakes in forestry practices: All hamboos.
Tea estates: Pseudostachyum polymorphum.

Thatching and roofing: Bambusa arundinacea, Bambusa polymorpha, Bambusa
tulda,  Bambusa  vulparts,  Chimnobambusa Jalcata,  Dendrocalamus  brandisis,
Dendrocalamus — hamiltonti,  Dendrocalamus o ngispathus,  Dendrocalamus
membranaceus, - Gigantochloa attar,  Oxytenanthera monodelpha,  Dendrocalamus
strictus.

Tool handles:  Dendracalamus  merrillianus,  Dendrocalamus strictus,  Ochlandra
travancorica and all solid varieties.

Trellis work: Bambusa arundinacea,  Bambusa  blumeana and  all big sized
bamboos.

Umbrella handles:  Melocanna bacctfera,  Neohauzeaua Jullooa, Oxytenanthera
nitchevi, Oxytenanthera stocksii, 1 vinostachyum griffithii.

Walking sticks: Arundinaria annata, Dendrocalamus strictus, Ochlandra travancoria,
Oxytenanthera nigrociliata, Oxytenanthera ritcheer, Phyllostachys manni.

Walling of native huts: Arundinaria racemosa,  Bambusa  atra,  Bambusa
polymorpha, Bambusa  tubda, ~ Gigantochloa nigrocilinta,  Neohauzeaua dullooa,
Oxytenanthera nigrociliata, Stmobambuwsa elegans.

Water and milk vessels (Thunga), water buckets, cups and containers:
Bambusa patlicda, Bambuwsa tulda, Dendrocalamus aper, Dendrocalamus piganteus,
Dendrocalanmues hamiltonii,  Dendrocalamus hookert, - Dendrocalanugs  sikkimensis,
Gigantochloa aspera, Gigantochloa levis, Melocanna baccifera.



110

Appendix 8o

Ecological Requirements of Some Artificially Established Browse
Species in North Africa
Source: Le Houérou, 1980

Specics

Rainfall

in mm

Mean minimum

January temp. Soils
in °C

mn

Acacia cvanophylla
Acacia ligulata
Acacia salicina
Acacia victoriae
Artemisia herba alba
Atriplex canescens

Atriplex glauca
Atriplex halimus
Atriplex nummulana

Brachychyton populneum
Browssonetia papyrifera
Calligonum comosum
Cassia sturtn

Celtss australny
Ceatomia siliqua
Chenopodium auricomum
Coronilla glauca
Elaeagnus anpustifolia
Fraxinus axyphylla
Gleditsia triacanthos
Haloxylon aphyllum
Haloxylon pervicum
Medicago arborea
Moruy alha

Olea europaea

Opuntia ficus indica tnermi
Opuniia fusicauls
Opuntia tnermms
Penploca loetigata
Prosopts quliflora

Vites berlandien

250
150

VV V VYV VY
@
f=J

150

v

200

v

300
400

80
150
700
300
200
300
300
500
400

80

80
300
350
200
200
200
200
100
200
200

V V.V V V V VV V VYV V VYV YV VYV V VYV VYV

>3
> 3
>3
> 3
>-2
>-5

> 1

> 1

> 1

>3
>-1
>-1
> 3

> 1

>3
> 2
>-2
> 1
>-5
>-10
>-10

g
1 =

o -

vV V. V V VvV Vv v V

o

Deep sandy
Deep sandy
Deep sandy
Silty to sandy
Silty, shallow
Sandy to silty

Silty to clayey, saline
EC < 30 mmhos

Silty to clayey, saline
EC < 30 mmhos

Silty to clayey
EC < 20 mmhos

Various
Various
Drifting sand
Silty-sandy
Various
Silty-sandy rocky
Various
Silty, shallow
Various
Various
Various

Silty -clayey
Sandy

Silty, shallow
Various
Deep sandy
Deep sandy
Deep sandy
Deep sandy
Shallow
Sandy

Various
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Vitis riparia > 200 >-5 Various
Vitis rupestris > 400 >-5 Various
Vitis vinifera > 200 >-5 Various

From the above table it is obvious that with the available plant material, of
some 35 species, one can meet most of the ccological conditions prevailing in
northern Africa, except in the desert where rainfall does not reach the 100mm

mark.
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Appendix 8p

Masterlist of Woody Species under Consideration
as Nitrogen-fixing Trees

Source: Halliday and Nakao, 1982

1. The NFT Masterlist includes:
~— 997 species
— all woody species of the legume family even though confirmation

that they individually nodulate and fix nitrogen may be lacking
—  all species of all other genera in which a species has been confirmed
to nodulate or fix nitrogen.

2. The masterlist is abstracted from a larger data base maintained by the
University of Hawaii NiF'TAL Project. The complete data base
includes a general characterization of cach species, and specifies its
microsymbiotic affinitics, both rhizobial and mvcorrhizal. The
complete data base also cites the scientific literature that substantiates
that a listed species does or does not fix nitrogen.

3. The Masterlist is actually the first section of a more complete
publication available dircctly from NiFTAL (PO Box 0, Paia, Hawaii
96779, USA):

Halliday, J., and P.L. Nakao. 1982. The symbiotic affinitics of
woody species under consideration as nitrogen-fixing trees. University
of Hawaii NiFTAL Project. 85 pages.

Acacia abyssinica Acacta brachvbotrya

Acacia actnacea Acacia brachvtachya

Acacta acuminata Acacia burket

Acacta adenocalyx Acacta buxifolia

Acacia adunca Acacta byoneana

Acacia alata Acacia caffra

Acacta albida Acacia calamifolia

Acacia ancepn Acacia caleina

Acacia aneura Acacta cambaget

Acacia arabica (nilotica) Acacta cana

Acacia arenaria Acacia cardiophylla

Acacia armata Acacta catechu

Acacia aroma Acacra cavan

Acacia aspera Acacia cavenia

Acacta ataxacantha Acacia celasirifolia

Acacta avlacocarpa Acacia chariessa

Acacta auriculiformis Acacia cognata

Acacia batleyana Acacta colletoides

Acacia berlandiert Acacia complanata

Acacia berteriana Acacia confusa

Acacia bidentata Acacia constricta

Acacia biflora Acacia crassicarpa

Acacia bakelyi Acacia cultriformis

Acacia bonariensis Acacia cunninghamis

Acacia borlaea Acacia cupressiformis
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Acacia cyanophylla (saligna)
Acacia cyclops
Acacia davyi
Acacia dealbata
Acacia deamii
Acacia deanet
Acacia decora
Acacta decurrens
Acacia diptera
Acacia deratoxylon
Acecia drummondii
Acacia chrenbergiana
Acacia elata
Acacta eremophila
Acacia ericifolia
Acacta erinacea
Acacta erubescens
Acacta estrophivlata
Acacia excelsa
Acacta extensa
Acacia exuvialis
Acacia farnesiana
Acacia filifolia
Acacia fimbriata
Acacia fistula
Acacia flava

Acacia fleckiy
Ac:cia flexuosa
Acacia floribunda
Acacia galpinii
Acacia gentstoides
Acacia georginae
Acacta giraffac
Acacia gladitformis
Acacia glaucescens
Acaca glaucoptera
Acacta glomerosa
Acaca goetzir
Acacta grandicornuta
Acacia gramitica
Acacia pregent
Acacia hakeotdes
Acacta harpophylla
Acacia harveyi
Acacta hastulata
Acacta hebecladu
Acacta hereoensis
Acacia heteracantha
Acacia heterophylla
Acacta holosericea
Acacia homalophylla
Acacta horrida
Acaca horridula
Acacia huegelii
Acacia instia
Acacta ponewt
Acacia jumipering
Acacia haroo
Acactt Kauatensiy
Acacia Kemprana
Acacta hirkid
Acacta hoa

Acacta hoata
Acacia Arausstana

Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacta
Acacta
Acacia
Acacta
Acacta
Acacta
Acacta
Acacia
Acacia
Acacia
Acacia
Acacta
Acacia
Acacia
Acacta
Acacia
Acacta
Acacta
Acacla
Acacia
Acacia
Acacta
Acacta
Acacta
Acacta
Acacia
Acacta
Acacia
Acacia
Acacta
Acacia
Acacia
Acacia
Acacia
Acacia
Acacta
Acacia
Acacta
Acacia
Acacta
Acacta
Acacta
Acacia
Acacta
Acacta
Acacia
Acacta
Acacta
Acacia
Acacia
Acacia
Acacia
Acacta
Acacta
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latifolia
leptoneura
leucophloea
{inearis
lineata
lingulata
lodert
longifolia
{uederitati
{unata
macrantha
macrthyrsa
mangiua
mearnsit
melanoxylon
mellei
mellifera
microbotrya
mellissima
mooreana
myrtifolia
nebrownii
neriifolia
nervosa
nigrescens
nigricans
nilotica
nubica
obliqua
obscura
orfoto
oswaldit
parramatlensis
pence
pennala
pentadenta
pentagona
permixta
podalyriacfolia
polyacantha
pravissima
proniinens
pubescens
pulchslla
pumila
pyenantha
raddiana
reficiens
rehianniana
restiacea
rhetinodes
richit

rigens
robusta
rostellifera
rubida
saltcina
saltgna
schiceinfurthii
scorpordes
senegal
seyal
stamensis
steherana



114

Acacia silvicola
Acacia spadicigera
Acacia spathulata
Acacia spinescens
Acacia spirocarpa
Acacta squamata
Acacia stenophylla
Acacia stenoptera
Acacia strigosa
Acacia stulmanii
Acacia suavolens
Acacia subcaerulea
Acacia suffructescens
Acacia sulcata
Acacia swazica
Acacia tamminensis
Acacia tennispina
Acacia tetragonocarpa
Acacta tomentosa
Acacia tortilis
Acacta triptera
Acacia tucunanensis
Acacta unicifera
Acacia urophylla
Acacta verek

Acacia verticillata
Acacra victoriae
Acacia viseo

Acacta visite

Acacta volubilis
Acacta welwitscii
Acacta xanthophloea
Acrocarpus fraxinifoling
Adenanthera bicolor
Adenanthera tntermedia
Adenanthera pavonina
Afzelia africana
Afzelia quanzensiy
Atryantha borneensis
Anvantha schiveinfurthis
Alhizia acle

Albizia adianthifolia
Alhizia amara
Albizia anthelmintica
Athizia antunestuna
Albizia hrevifolia
Alhizia carhonaria
Albizia chinensiy
Alhizia distachya
Athizia ealrnsty
Alhizia faleateria
Alhizia forbeins
Albizia glaberrima
Albizia gummifera
Alhizia harveyr
Albizia julibrissin
Athizie hatangena,
Albizia lebbeck
Alhizia lebleckoides
Athizra lophantha
Atbizia moluccuna
Alhizia odoratisvama
Albizia peteraana

Athzia proern

Albizia retusa

Albizia saponaria
Albizia schimperana
Albizia stipulata
Albizia tanganyicensis
Albizia versicolor
Albizia zimmermannii
Aldina insignis

Alexa imperatricts
Alnus acurninata

Alnus cordata

Alnus cnspa

Alnus fi-ma

Alnus for mosana

Alnus fruc'icosa

Alnus glu nosa

Alnus hirsuta

Alnus incana

Alnus jorullensis

Alnus maritima

Alnus mollis

Alnus multinervus
Alnus nepalensis

Alnus nitida

Alnus orientalis

Alnus rubra

Alnus serrulata

Alnus sieboldiana

Alnus sinuata

Alnus tenuifolia

Alnus tinctoria

Alnus undulata

Alnus viridis
Amblygonocarpus andongensis
Amburana acreana
Amburana cearensis
Ambherstia nobilis
Amphimas ferrugineus
Anadenanthera colubrina
Anadenanthera peregrina
Androcalymma glabiforum
Angylocalyx oligophyllus
Angylocalyx zenleri
Antheroporum pierrei
Anthonotha macrophylla
Apaloxylon madagascariensis
Aphonocalyx cynometrordes
Apoplanesia panicalata
Aprevalia flortbunda
Apulera praccox
Arthrocarpus gracile
Arthrosamanea pistaciaefolia
Atelea pterocaspa
Batkwara invgnis
Batktaca plwripeea
Baphiopsiy parciflora
Barklya synngipolia
Ratevia florihunda
Bathiara vubiflona
Baudvwima soblyiformis
Bauhmta acumnata
Bauhinia benthamana
Buauhima bidentata
Bavhinma binatu



Bauhinia blakeana
Bauhinia candicans
Bauhinia carronni
Bauhinia corymbosa
Bauhinia cumingiana
Bauhinia diphylla
Bauhinia excisa
Bauvhinia galpinii
Bauhinia kirkit
Bauhinia kochiana
Bauhinia kunthiana
Bauhina macrantha
Bauhinia nalabarica
Bauhinia megalandra
Bauhinia nonandra
Bauhinia pauletia
Bauhinia petersiana
Bauhinia purpurea
Bauhinia racemosa
Bauhinia reticuiata
Bauhinia tomentosa
Behaimta cubensis
Belairia spinosa
Bergeronia sericea
Berlinia acuminata
Berlinia confusa
Berlinia grandiflora
Bolusanthus speciosus
Bowdichia virgilioides
Brachystegia allenit
Brachystegia appendiculata
Brachystegia boehmiy
Brachystegia glaberrima
Brachystegia glaucescens
Brachystegia kennedyi
Brachystegia laurentit
Brachystegia leonensis
Brachystegia manga
Brachystegia microphylla
Brachystegia nigerica
Brachystegia spictformis
Brachystegia utils
Brachystegia wangermeeana
Brandzeia filicifolia
Breniera insignis
Brongniartia minutifolia
Brongniartria podalyrotdes
Brownea ariza
Brownea capitelia
Brownea coccinea
Brownea crawfordis
Brownea grandiceps
Brownea latifolia
Browneopsis ucayalina
Brya ebonus

Burkea africana

Bussea occidenalts
Butea cggelingii

Butea mas-aiensis

Butea monosperma
Cedta purpurea
Caesalpinia echinata
Caesalpinia peltophorordes
Caesalpinia pulcherrima
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Cajanus cajan
Calliandra affinis
Calliandra calothyrsus
Calliandra eriophylla
Calliandra foliosa
Calliandra grandiflora
Calliandra gurldingii
Calliandra h ematocephala
Calliandra haematoma
Calliandra humilis
Calliandra inaequilatera
Calliandra parvifolia
Calliandra sellot
Callinadra surinamensis
Calliandra tweedit
Calpocalyx brevibracteatus
Campsiandra angustifolia
Campsiandra comosa
Campsiandra laurifolia
Caragana arborescens
Caragana aurantiaca
Caragana frutescens
Caragana pekinensis
Cascaronia astragaling
Cassia fistula

Cassia grandis

Cassia javanica

Cassia leiandra

Cassia nodosa

Cassia siamea
Castanosperrum australe
Casuarina cristata (C. lepidophioia)
Casuarina cunninghamiana
Casuarina equistifolia
Casuarina fraseriana
Casuarina glauca
Casuarina grandis
Casuarina huegeliana
Casuarina junghuhniana (C. montana)
Casuarina littoris
Casuarina muellerana
Casuarina muricata
Casuarina nodiflora
Casuarina obesa
Casuarina ologodon
Casuarina pusilla
Casuarina quadrivalis
Casuarina stricta
Casuarina sun.atrana
Casuarina tenuissima
Casuarina torulosa
Cathormion leptophyllum
Cathormion moniliforme
Cedrelinga catenacformis
Cenostigma macrophyllum
Centrolobium robustum
Ceonothus americanus
Ceonothus azurens
Ceonothus cordulatus
Ceonothus crasstfolius
Ceonathus cuneatus
Ceonothus delilanus
Ceonothus divaricatus
Ceonothus diversifolius
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Ceonothus fendlert
Ceonothus foliosus
Ceonothus fresnensts
Cronothus glabra
Cronothus gloriosa
Ceonothus gregpit
Ceunothus griseus
Ceonothus impressus
Ceonothus incana
Ceonothus integerrimuy
Cronotnus Intermedus
Cronothus jepsontt
Ceonothus leucodergy
Ceonothrs microphyilus
Ceonothuy oliganthu,
Ceonothus ovatus
Ceonothus paretfolius
Ceunothus prostratus
Ceonothus rigidus
Ceonothus sanguineus
Cronothuy sorediatans
Cronothuy thyrsifloruy
Ceonothus velutinus
Ceratonia siliqua
Cercidium floridum
Cercidinm fraecox
Ceradium torreyanum
Cerets siliguastrum
Cercacarpres betuloides
Chidlncta sanguinea
Chordospartium stevensonti
Cladrastis platycarpa
Cladrastis sinensis
Clathrotropes brachypetala
Clathsotropns macrocarpus
Clathotroprs mitida
Colophospermum. mupane
Colvillea racemosa

Comptonta peregrina (M. asplentfolia)

Cordeanuxia edulis
Cordyla africana
Conarta angustisvima
Cortana arborea
Cortarta intermedia
Cortaria japonica
Cortania kingiana
8

Cortarta lunida
Contaria myrtifolia
Cortaria plumma
Conaria pottsiana
Coriania pteridotdes
Cortania sarmentosa
Corana thymifolia
Craibia baptisarum
Crathta brevicandata
Craibia grandiflora
Curdia gabonenyis
Crudia parivoa
Cyclobnum braviliense
Cyclolobium vecchir
Crudia gabonensis
Cyobosepalum: baront

N .
Cynometra alexandri
Cynometra anc.nta

Cynometia bauhiniacfolia
Cynometra cauliflora
Cynometra hankei
Cynometra leonenis
Cynometra ramiflora
Cynometra retusa
Dalbergia baroni
Dalbergta cearensis
Dalbergia cochinchinensis
Dalbergia cubilguitensis
Dalbergta preveana
Dalhergia latifulia
Dalbergia melanoxylon
Dalbergia nigra
Dalhergia retusa
Dalbergia sivson
Dalbergta spruciana
Dalbergia stevensonis
Dalbergiclla nyasar
Dalea spinosa
Dansellta opea
Danieltia olivera
Daniellia thurifera
Dansera procera
Delaporten armata
Delonix baccal

Delonix elata

Delonix regia
Denistophytum madagascariense
Derrts indica

Detarium senegalense
Dewevrea bilabiata
Dialium enpleranum
Dialium pachyphyllum
Daliur zenkeri
Dichrovtachys cinerea

Dichrostachys glomerata (1. cinera)

Dichrostachys spicata
Dicorynia gutanensis
Dicracopetalum stipulare
Dicymbe altsoni
Dicymbe corymbosa
Didelotia africana
Dimorphandra daisic
Dinizia excelsa
Diphysa floribunda
Diphysa 10binotdes
Diplotropis purpurea
Dipteryx odwrata
Dipteryx trifoliata
Diptychandra epunctata
Discaria toumaton
Distemananthus benthamianus
Dryas drummondiy
Dryas integrifolia
Dryas octopetalia
Duparquetia orchidacea
Dusvia diseolor

Dussia martinieensis
Elacagnus angustifolia
Elaeagnus argentea
Flaeagnus commutata
Elaeagnus edulis
Flaeagnus longipes



Elaeagnus macrophylla
Elaeagnus multiflora
Elacagnus pungens
Fiacagnus rhamnotdes
Flaecagnus vmbellata
Eligmu.arpis cyometrodes
Llizabetha durissima
Elizabetha princefis

Erdertia spectabilty
Englerodendron usambarense
Entada abyssini.a

Eatada phaseolosdrs

Entada sudanica (F. africanum)
Enterclobuum cyclocarpum
Enterolubium schomburphic
Enterolobium timouca
Lperua falcata

Eperua jensant

Lperua purpurea

Inthina abyvaniea
nythrine berteroana
Enthring caffra

Enythrina rista-galli
Enthrina fusa

Erythiina glanca

Erythnna idica

Erythrina lithosperma
Enthnna mono-perma
Lrythrina ortental
vthrina poeppiotana
Erythrina suberara

Erythrophlenm afric:num
Enythrophlenm worense
Enthrophlenm suaveotens
Ftaballia duina
Eurypetalum batestt
Furypetalum tessmaniy
Evntyles venusta
Iysenhardtia amorplordes
Eysenhardua peninsulariy
Eysenhardtia texana
Lerretrea spectaliilis
Fillaeopsis discophora
Frsvicaly fendleri

Fordia cauliflora
Gagnebina tamariveina
Gennta sp.

Geuffroea decorticans
Greoffroca sprnova
Gilbertivdeadron demonstrans
Cirlletiodendron Klaner
Gleditsia amarphotdes
Gleditsii caspica
Gleditsia faponica
Gleditsta sinenviy
Cleditsia triacantho
Ghrcida ehrenberpit
Glincidia lambit
Glincvdia seprum
Goldmama foetida
Gossvetlerodendron bhalsamiferum
Gourliea decorticans
Guthourtia coleo: perma
Guthourtia conjugata
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Guibourtia demeuser
Guibourtia schiliebenti
Gymnocladus dioica
Haematoxylon brasiletto
Haematoxylon camped ianum
iZaplormorsia monophylla
Hardwickia binata
Herdwickia pinnata
Harpalyce cubensis
Hebestipma cubense
Hesperolaburnum platycarpum
Hesperothamnus hittoralis
Heierosternon mimosoides
Hippophae rhamnoides
Holucalyic halansar
Humboldtta lawrifolia
Hylodendron gahune 2se
Hymenaea confertiflora
Hymenaea courbanl
Hymenolobium excelsum
ymenolobium raticum
Hymenostegta floribunda
Indopiptadenia oudhensts
Inga altissima

Inga edulis

Inga feale

Inga lauring

Inga verstediana

Inga paterna

Inga vera

Inocarpus edulis

Instia acuminata

Instia bakent

Instia biyuga

Instia palembanica

Instia plurijuga

Instia retusa

Isoberlinia schefflera
Lsoberlinia crpotensis
Isoberlinia dalzielii
Isoberlinia dnka
Isoberlinia tomentosa
Lsomacrolobium leptorrachis
Jacqueshuberia quinguangulaia
SJulbernardia globiflora
Julbernardia hochreutiner
Julbernardia magnistipulata
SJulbernardia paniculata
Julbernardia seretii
Sulbernardia unijupata
Kalappra celebica
Kingiodendron alternifolium
Kingtodendron pinnation
RKoompassia excelsa
Koompassia malaccenses
Laburnum alpinua
Laburnuray anagyroides
Laburnum pratense
Lebruniodendron lepthanthum
Lecointea amazonica
Lennea rohintoides
Leonardoxa afriana
Leucaena collinsii

Leucaena diversifolia
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Leucaena esculenta
Leucaena lanceolota
Leucaena leucocephala
Leucaena macrophylla
Leucaena pulverulenta
Leucaena retusa
Leucaena shannoni
Leucaena trichodes
Leucostegane latistipulata
Librevillea klainet
Loesenera kalantha
Lrnchocarpus capassa
Lonchocarpus latifolius
Lonchocarpus punctatus
Lonchocarpus utilis
Lonchocarpus violaceus
Lysidice rhodostegia
Lysiloma auritum
Lystloma bahamensis
Lysiloma divaricata
Lysiloma latisiliqua
Lysiloma thornbert
Moaackia amurensis
Maackia chinensis
Maackia floribunda
Machaerium robinifolium
Machaerium schomburghit
Macroberlinin bracteosa
Macrozamia communis
Macrozamia riedlei
Maniltoa grandiflora
Maniltoa scheffera
tarmaroxylon racanosum
Martiodendron excelsum
Melanoxylon brauna
Michelsonia microphylla
Microberlinta brazzavillensis
Miulbraediodendron excelsum
Millettia dubia

Mullettia grandis
Millettia laurentii
Millettia rubiginosa
Millettia stuhleannii
Millettia thonningit
Millettia usaramensts
Mimosa bracaatinga
Mimosa scabrella
Aimosa tenuiflora
Mimozyganthus carinatus
Moldenhauera floribunda
Monopetalanthus pteridophyiins
Monapteryx angustifolia
Monoschisma leptostachyum
Mora excelsa

Mora gonggrijpic
Muellera frutescens
Mundulea sericea

Myrica adenophora
Myrica asplenifolia
Myrica carolinensis
Myrica cerifera

Mpyrica gale

Myrica javanica

Mpyrica pennsylvanica

Myrica pilulifera
Myrica pubescens
Mpyrica rubra

Myrica sapida

Mpyrica serrata
Mpyrocarpus fastigiatus
Myrocarpus frondosus
Myrospermum frutescens
Myroxylon balsamum
Myroxylon pereirae
Myroxylon peruiferum
Neochevalierodendron stephanii
Neodunnia atrocyanea
Neoharmsia madagascariensis
Newtonta buchananii
Newtonia hildebranduii
Notodon gracilis
Notospartium glabrescens
Oddoniodendron micranthus
Oleiocarpon pananense
Olneya tesota

Ormosta coccinea
Ormosia hoset

Ormosia monosperma
Ostroyoderris gabonica
Ostryoderris stuhlmannit
Ougeinia oojeinensis
Oxystigina mannif
Oxystigma msoo
Pachyelasma tessmannit
Pahudia galedupa
Pahudia rhomboidea
Paloue guianensis
Paloveopsis emarginata
Panurea longifolia
Paramachaerium schomburgkii
Paramacrolobium cueruleum
Papiptadenia rigida
Paraponia andersonti
Farsponia parviflora
FParasponia rugosa
Parkia africana

Parkia biglandulosa
Farkia biglobosa

Parkia clappertoniana
Parkia filicoidea

Parkia javanica

Parkia roxburghii
Parkia speciosa

Parkta timoriana
Parkinsonia aculeata
Parkinsonia africana
Pellegriniodendroh diphylius
Peltogyne catingue
Peltogyne densiflora
Peltogyne excelsa
Peltophorum adnatus
Peltophorum dasyrrhachis
Peltophorum pterocarpus
Peltophorum vogeltanus
Pentaclethra eetveldeana
Pentaclethra macroloba
Pentaclethra macrophylla
Pericopsis angalensis



Pericopsis elata

Pericopsis mooniana
Petaladentum urceoliferum
Phyllocarpus riedeliy
Phyllocarpus septentrionalis
Phylloxylon xiphoclada
Phylloxylon xylophyiloides
Puctetia aculeata
Piliostigma malabaricum
Prliostigma reticulatum
Piliostigma thonningii
Piptadenia excelsa
Piptadenia macrocarpa
Piptadenia parapuaynensis
Piptadeniastrum africanum
Piscidia piscipnla
Pithecellobium adinocephalum
Pithecellobium arboreum
Pithecetlohium caraboboense
Pithecellobiwm cauliflorum
Pithecellobivm collinua
Puthecellobium dulce
Pithecellobium flexicaule
Pithecellohium jiringe
Lithecellobium lobatum
Plagiosiphon discifer
Plathymenta reticulata
Plutycelyphium cyananthua
Platycyamus regnelliy
Platycyamns ulet
Platymiscium dimorphandrum
Piatymisetum pinnatum
Platyr. iscium trinitatis
Llatymisctum ulet
Llatvpodiom elegany
Llatysepalue canhontter
Platysepalum violuceam
Llatysepalum violouttrs
Podopetalum ermondsi
Poectlanthe effisa
Poeppipta procera

Logocybe entadordes
Lolysternanthuy dinklagei
LPongamia pinnata

Priona copaifera

Prosopts africana

Provoprs alha

Provoprs articulata
Prosopis chilensis

Prnopis cineraria

Drovopis dulcts

Drosapis plandulosa
Prosoprs juliflora

Prosopis Kimizeie
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Prosopis nigra

FProsopis pallida
Prosopis ruscifolia
Prosopis tamaruge
Prosopis velutina
Pseudosamanea guachapele
rodendren spinosum
Aerocarpi, angolensis
Prerocarpus blancof
Plerocarus echinatus
Plerocarpus inducs
Prerocarpus marsumpium
Prerocarpus officinalis
Prerocarpus podacarpus
Prerocarpus rotundifolis
Plerocarpus santaloides
Pletocarpus sericeus
Plerocarpus soyauxii
Prerocarpus stevensonst
Prerocarpus vidalianus
Plerodon emarginatus
Plesogyne niteny
Eynaertivdendron congolanum

Ramorinoa pirolar
Recardoxylon amazonicum
Robinia hispida

Robina neomexicana
Robinia pseudoacacia
Robinia viseosa

Sahinea florida

Sakoanaia madagascariensis
Sumanea pedicellarts
Samanea pol yeephala
Satnanea sasan

Samanea saminigua
Sophora tomentosa
Sopropis palmery
Spirotropits longifolia
Stachyothyrsus staudtis
Stahlia marttina
Steinbachiella leptoclada
Stemonocalens micranthus
Storkiella vitienyis
Strombocarpa strombulifera
Naathocerets zambesiacu
Neroderrts stnhlmannis
Xylia cvansit

Xylia ghesquicrei

Xylia xylocarpa
Yucaratonia brenningic
Zenta tnsignis

Zenkerella citrina
Zenkerella citring
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Appendix 8q

Economically Important Nitrogen-fixing Tree Species
“A” List

S rce: Brewbaker and Styles, 1982

Format:
SPECIES (FAMILY)
1. ORIGIN; HEIGHT, SHAPE
2. USES AND CHARACTERISTICS
3. ADAPTATION (INCL. MIN. RAINFALL)
4. COMMENTS, CHROMOSOME NO.

ACACIA ALBIDA DEL. (MIMOSOIDEAE; LEGUMINOSAF)
1. Africa and Isracl; to 20 m; leafless in rainy scason

2. TForage (pods, foliage); shade

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

4. Slow growth 2n=26

ACACIA AURICULIFORMIS A. CUNN, EX. BENTH. (MIMOSOIDEAE;
LEGUMINOSAE)

I. Australia, New Guinea; to 30 m, spreading

2. Fuclwood; pulpwood; .68 sp.gr.; 15 m*ha/yr

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

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

ACACIA CONFUSA MERR. (MIMOSOIDEAE; LEGUMINOSAE)
1. Philippines, Taiwan; to 14 m, spreading

2. Firewood (high sp.gr.); ornamental

3. Wet subtropics (to 750 mm min), acid soils

4. Slow growth 2n =126

ACACIA FARNESIANA (L..) WILLD. (MIMOSOIDEAE;

LEGUMINOSAL)

I. Tropical Amcrica; to 10 m, often shrubby

2, Fuelwood; forage; tannin; perfumc from flowers; ornamental; black
dye used to make ink

3. Dry tropics; wice variety of soils

4, Very thorny; can he weedy 2n =52

ACACIA MANGIUM WILLD. (MIMOSOIDEAE; LEGUMINOSAE)

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

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

4. Insects on leaves, genetic variability

ACACIA MEARNSII WILLD. (MIMOSOIDEAE; LEGUMINOSAE)

1. Australia; to 25 m, spreading

2. Fucelwood; charcoal; tannins; dense wood (.75 sp. gr.); to 25 m¥%/halyr
3. Moist sub-tropics, mid clevations; to 800 inm min.?

4, Can become weedy 2n =206
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ACACIA NILOTICA (L.) WILLD. EX DEL.

(MIMOSOIDEAE; LEGUMINOSAL)

1. Africa and India; to 20 m, usually less

2. Firewood; charcoal; fodder (pods, leaves); tannin and gum
3. Dry tropics (but thrives under irrigation)

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

ACACIA SALIGNA (LABILL.) H. WENDL. (MIMOSOIDEAE;

LEGUMINOSAE)

l. W. Australia; shrub or small tree to 7 m

2. Fodder; fuel; sand-dune fixation; tannin; recolonization of mining
areas; erosion control; ornamental

3. Humid to subhumid tropics; 300-1000 mm rainfall; adapted to both
sandy and swampy sites

4. Rapid growth outside native arcas: tolerant to drought, salt, winds,
and fire; may become weedy

ACACIA SENEGAL (1..) WILLD. (MIMOSOIDEAE; LEGUMINOSAL)

L. Africa, Pakistan, India; w 13 m, often shrubby

2. Firewood; charcoal; 1o 5 mYha/yr; gum arabic; feed (pods, foliage)
3. Dry tropics (1o 200 mm min.), poor soil, hot

. Extremely thorny, becomes weedy 2n =126

ACACIA TORTILIS (FORSK.) HAYNE (MIMOSOIDEAE;
LEGUMINQOSALE)

{. Africa, Sahel, Isracl, Arabin; to 15 m, often shrubby

2. Tirewood; dense; fodder (pods, leaves)

3. Dry wropics (1o 100 mm min.), heat tolerant, alkaline soils
+. Thorny, lateral roots

ALBIZIA PALCATARIA (L) FOSBERG (MIMOSOIDEAE;
LEGUMINOSAF)

1. Indonesia, New Guinea: to 45 m

2. Pulpwood; soft, .33 sp.gr.; moldings; boxes; soil improvement
3. Moist tropics (to 1000 mm min.), midlands

4. Solft wood, poor fucl

ALBIZIA LEBBECK (1..) BENTH, (MIMOSOIDEAL; LEGUMINOSAF)

L. “Tropical Asia and Africa; to 30 m

2. TFuelwood (high value, 5200 keal/kg); foliage for feed; yields to 5
m*¥hasvr; furniture

3. Wide adaptability, dvy and moist tropics (to 600 mm min.)
4. Slow growth 2n =26

ALNUS ACUMINATA O, KUNTZE (BETULACEAE)

L. G America; to 25 m or more

2. Firewood; sp.gr. .5: timber: (o 15 m*/ha/yr; shoes

3. Cool tropic highlands to 3000 m, moist (1250 mm min.)
4. Not heat or drought tolerant

ALNUS GLUTINOSA (1..) GAERIN. (BETULACEAE)

I. Lurope to W, Asia; Asia Minor 1o N, Africa; to 40 m

2. Encrgy production (fuel); soil stabilization. ¢.g. river banks,
roadsides, mine wastes; shoes; sp.gr. .52

3. Widely adapted; temperate or subtropical, to 500 m

4. Not drought tolerant 2n=28
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ALNUS NEPALENSIS D. DON (BETULACEAE)

1. Himalayas; to 30 m

2. Firewood but sp.gr. .35; utility timber and forage

3. Cool tropic highlands to 3000 m, mesic (800 mm min,?)

4, Some insects; soft wood 2n=28
CALLIANDRA CALOTIIYRSUS MEISSN. (MIMOSOIDEAE;
LEGUMINOSAE)

1. C. and S. America; to 10 m, shrubby

2. Firewood; forage (high tannin) and green manure; sp.gr. .65

3. Moist tropics (min, 18I0 mm), cooler (above 500 m?); 1o 40 m¥ha/yr
with annual harvest

4. Shrubby (= C. confusa 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; 500 mm min.,

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

CASUARINA EQUISETIFOLIA 1. (CASUARINACEAL)

f.  Australia and Pacific Isl. to India; to 35 m

2. Firewood; charcoal; sp.gr. 1.0, “best in world’’; windbreak; timber
for postwood
3. Warm tropics, coastal arcas; typhoon tolerant, very saline tolerant

4. Coppices poorly?

CASUARINA GLAUCA SIEB. EX SPRENG. (CASUARINACEAE)

1. Australia (N.5. Wales to Qld); to 20 m

2. TFirewood; charcoal; feneing; piles for scawater; windbreaks in coastal
arcas; sp.ur. .98

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

4. Produces root suckers and can be weedy (e.g. Florida)

CASUARINA JUNGHUNIANA MIQ). (CASUARINACEAE)

1. Indonesia; to 30 m

2. Firewood; charcoal; poles; piling; wood splits casily

3. Tropical lowlands and midlands, forming dense forests; wide pH
tolerance, moderate drought wlerance

4, Little studied; male clone (or hybrid) widely used in Thailand

DALBERGIA SISSOO ROXB. (PAPILIONOIDEAL; LEGUMINOSAE)

1. Indian subcontinent; 1o 30 m

2. Lumber; fuelwood, sp.gr. .68

3. Warm wropics, mesic or arid (1o 500 mm min.); yiclds fast for a
Dalbergia, slow by other standaids

4. Slow growth 2n =120

ERYTHRINA BERTOEROANA URBAN (PAPILIONOIDEAL;

LEGUMINOSAE)

1. Tropical America; to 10 m; small crown

2. Live fence posts; soft wood which aceepts wires and nails well, forage;
windbreaks; casily cloned

3. Lowland and submontane moist tropics to 2000 m; usually in wetter
arcas but needs good drainage

4, Fast growth; resistant to wind 2n =42
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ERYTHRINA FUSCA LOUR. (PAPILIONOIDEAE: LEGUMINOSAE)

1. C. & S. America, to 30 m; broad crown

2. Shade for coffee and cacao; live fenceposts; soft wood

3. Lowland moist tropics to 1500 m; often in swamps or on poorly
drained clayey soils

4. Fast growth; effective green manure; casily cloned 2n =42

ERYTHRINA PEOPPIGIANA (WALPLRS) O.F. COOK

(PAPILIONOIDEAL; LEGUMINOSAE)

1. S. America to Panama; o 40 m

2. Shade for coffee; ornamental; soft wood; paper pulp; forage, mulch
3. Dry to mesic tropics, to highlands
4. Fast growth; coppices and clones casily 2n =42

GLIRICIDIA SEPIUM (JACQ.) WALP. (PAPILIONOIDEAE:
LEGUMINOSAL)

!, S. and C. America; small tree to 10 m

2. Firewood; timber, sp.gr. .75; fodder; shade; ornamental; easily
propagated by cuttings; live fence; (o 8 m3/ha/yr

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

4. Toxic bark/sceds/roots: aphids on foliage 2n=20

INGA VERA (1)) BRITTON (PAPILIONOIDEAE; LEGUMINOSAE)

. Caribbean, €, America; o 20 m

2. Shade for coffee; fuelwood (sp.gr. .75); timber; shade; honey;
relatively fast growth

3. Humid topics (1000 mm min.?), lowlands

4. Liule studied

INTSIA BIJUGA (COLEBR.) O. KUNTZE (CAESALPINIOIDEAE;
LEGUMINOSAL)

1. Southeast Asia, E. Africa, India; o 40 m, buttressed

2. Handsome timber; decking; truck hodies (*‘ipil’” in Philippines);
highly resistant to rot; slow growth

3. Moist wropics, prob. 2000 mm min.

4. Genetic variability 2n=24

LEUCAENA DIVERSIFOL A (SCHLECHT) BENTH. (MIMOSOIDEAE;
LEGUMINOSAFE)
L. C. America; 1o 18 m (with shrubby variants)
Fuclwood (est. .5 sp.gr.); shade: forage
Dry to mesic tropics, prob. 500 mm min., 0 midlands (1500 m)
Litde studied, great genetic diversity 2n =132

2

3

4

LEUCAENA LEUCOCEPHALA (LAM.) DE WIT (MIMOSOIDEAE;

LEGUMINOSAL)

L. €. America and Mexico; to 18 i (with shrubby variants)

2 Fuelwood; nurse tree; forage; small timber and pulpwood; sp.gr. .55;
some food use (pods, sceds, leaves); energy plantations; yields to 50
im*/ha/yr

3. Dry to mesic tropics, 500 mm min., lowland

4. Widely studied 2n =104

MIMOSA SCABRELLA BENTH. (MIMOSOIDEAL; LEGUMINOSAE)
I, S.E. Brazil & Argentina; to 12 m., thornless
2. Fuelwood; pulpwood; ornamental; shade for coffee; rapid growth?



124

3. Mid-elevation cool tropics and subtropics (flourishes at 2400 m,

Guatemala)
4. Liule studied

PARKIA JAVANICA (LAM.) MERRILL (MIMOSOIDEAE;

LEGUMINOSAE)

1. Indo-Malaysia, Philippines; now widely pantropical; to 40 m,
umbrella crown

2.  Timber; ornamental; seeds used in local medicine

3. Humid tropics to 1000 mm; 500-700 m elevation

4. Pest-tolerant; protected in Indonesia (also known as P. roxburghii G,
Don.)

PARKIA SPECI0SA MASSK. (MIMOSOIDEAE; LEGUMINOSAE)

1. Thailand, Malaysia; to 15 m, thin crown

2. Food (seeds from large pods)

3. Humid tropics, to 1500 m clevation

4. Secds often insect infested; slow growth, apparently hybridizes with P,
Javanica; recaleitrant seed

PARKINSONIA ACULEATA L. (CAESALPINIOIDEAE;
LEGUMINOSAL)

1. Americas; to 20 m, spreading

2. Fuelwood; fodder; ornamental; fences; local medicine

3. Widely adapted to muoist tropical and dry arcas, also sandy and saline
soils .

4. Very thorny; weedy in Argentina 2n=128

PITHECELLOBIUA DULCE (ROX.) BENTH. (MIMOSOIDEAE,;

LEGUMINQOSAL)

L. Cow 8o America; o 20 my, irregular and untidy spreading tree

2. Fuelwood (10 5500 kealfkg), smoky; forage; construction postwood;
shade (thorny hedges); food (pods); some annin and oil (sceds)

3. Very wide adaptability, from dry 1o humid tropics and to cooler
clevations (So. Florida)

4. Thorny (segregating), poor form 2n =26

PONGAMIA PINNATA (1) PIERRE (PAPILIONOIDEAL:
LEGUMINOSAL)

1. Indian subcontinent, Malaysia, China, Tropical Asia; 10 8 m

2. Fuelwood; fodder (Ieaves): oil (seeds); pest control (leaves); shade
tree; medicine

3. Mesic trapics (min. 600 mum): saline tolerant; to full height in 5 yrs,

4. Aguressive spreading roots; wlso known as Derrts indica (Lam.) Bennet

PROSOPIS ALBA/CHILENSLS **Complex®’

(Includes P alba Griseb, and P chilensis (Mol.) Swuntz; also P,
Slexuosa and P, nigra)

Argentina, Paraguay, Chile, S, Peru; o 15 m

Firewood; ovcasional use as timber; fodder (pods); to 12 m*halyr
Cool dry subtropics (200 mm min.); to 3000 m in Peru

Thorny (segregating) In=128

PROSOPLS CINERARIA (L..) DRUCE (MIMOSACEAL;
LEGUMINOSAL)

|, India; to 9 m, thorny, spreading
T Iy

l.
2.
3.
1.
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2. Firewood; excellent charcoal; fodder; some timber; green manure;
yields to 3 m3ha/yr (under drought stress)

3. Dry hot tropics, to 100 mm min.?

4. Thorny (segregating), weedy

PROSOPIS PALLIDA/JULIFLORA *‘Complex’’
(Includes P. pallida (Humb & Bon ex Willd) and P. Juliflora (Swartz)

DC)

. C. and No. S. America; to 15 m, aggressive

2. Firewood (.8 sp.gr.). exc. charcoal; fodder (pods); honey; wood; to 5
m3/ha/yr

w

Dry hot tropics, to 200 mm min.; deep roots; some var. frost-tolerant
4. Thorny (segregating), often weedy (P. glandulosa and P. velutina are
the mesquites of So. USA and clsewhere in tropics, often labelled
Juliflora in crror) 2n =26,52,56

PROSOPIS TAMARUGO F. PHIL. (MIMOSIDEAE; LEGUMINOSAE)
1. Chile; to 15 m

2. Firewood; forage (pods, leaves); high sp.gr.

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

4. Slow growth, thorny but segregating?

PTEROCARPUS INDICUS WILLD. (MIMOSACEAE; LEGUMINOSAE)

1. S.L. Asia, Indo-China, Pacific Islands; to 40 m, broad crown, lofty

2 Choice timber (narra); ornamental; furniture; flooring

3. Moist tropics; relatively fast growth

4 Needs deep soil; some discases  2n =22

ROBINIA PSEUDOACACIA 1., (PAPILIONOIDEAE; LEGUMINOSAE)
1. N.E. America; 1o 25 m
2. Fuelwood (dense); crosion control; nurse tree; posts; to 20 m3/ha/yr;

forage
3. Temperate
4. Restricted to highland tropics (livle tested) and emperate

regions 2n=20,22, 24

SAMANIEA SAMAN — (JACQ.) MERRILL (MIMOSOIDEAE;
LEGUMINOSAF)

1. C. & So. Amcrica, Mexico; to 40 m, wide, spreading
2, Shade; timber and craftwood; food (pod); sp.gr. .52; ornamental
3. Mesic to wet tropics (to 600 mm min.)

4. Not good fuclwood; rapid growth 2n =26

SESBANIA GRANDIFLORA (1..) POIR. (PAPILIONOIDEAE;
LEGUMINOSAL)

1. India to S.E. Asia; t0 10 m, slender

2. Pulpwood; forage (leaves, pods); food (flower, leaves, young pods);
ornamental; sp.gr. .42; to 22 m%halyr; large nodules

3. Moist tropics (1¢00 mm min.), on to poor soils

4. Genetic variability; soft wood; borer susceptibility 2n = 14,24
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Economically Important Nitrogen-fixing Tree Species

“B’ List

The following species were considered important economically, but of less

importance than the annotated ‘A" list.

The first list includes species known to fix nitrogen, while the second list are
not known to fix nitrogen, which may account for their absence from the “A”’

list.

Acacia aneura

Acacia aulacocarpa

Acacia caven

Acacia holosericea

Acacia karroo

Acacia koa

Acacta melanoxylon

Acacia peuce

Acacta pennata

Acacia salicina

Acacta seyal

Acrocarpus fraxinifolius

Adenanthera pavonina

Albizia procera

Alnus rubra

Casuarina cristata

Casuarina grandis

Casuarina obesa

Casuarina oligodon

Casuarina sumatrang

Dalbergia latifolia

Enterolobtum cyclocarpum

Erythrina indica

FErythrina orientalis

Hzematoxylon brasiletto

Inga edulis

Inga paterna

lysiloma hahamensis

Mimosa tenutflora

Pericopsis elata

FProsopis glandulosa (a complex, including
P. glandulosa, P. torreyana and P. veluting)

Prosopis pubescens

Schizolobium parahyba

N-fixation unknown or uncertain:

Caesalpinia cortaria
Cassia fistula

Cassia grandis

Cassia javanica

Cassta siamea
Cedrelinga catenacformis
Ceratonia siligua
Cercidium floridium
Copaifera langsdorfis
Diphysa robinioides
Geoffroea decorticans
Koompussia excelsa
Peltophorum pterocarpum
Pithecellobium jiringa
Stndora javanica
Tamarindus indica

Appendix 8q



Albizia mollis
Artocarpus lakoocha
Bassia butyracaea

Bauhinia longifolia
B. variegata

Brassiopsis hainla

Castanopsis hystrix
C. indica
C. tribuloides

Erythrina arborescens

Ficus lacor

F. nemoralis

F. glaberrina

F. roxburghii

F. semecordata

Litsea citrata
L. polyantha

Morus alba
Prunus cerasoides

Quercus incana
Q. lamellosa

Salix spp.
Saurauria napaulensis

Schima wallichiy

Fodder Trees for Nepal Hills
Source: Kessler (1981)
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Appendix 8r

Savanna Trees of Nutritional Importance in Nigeria

No.  Specics
1

t.  Lannea microcarpa

2. Pseudospondias microcarpa
3. Sclerocarya birvea

4. Spondias mombin

5. Annona senegalensis

6.  Hexalobus monopetalus

7. Balanites aegyptiaca

8.  Kigelia africana

9.  Adansonia digitata
10.  Bombax costatum
1. Ceiba pentandra

12, Canarium schweinfurthii
13, Afzelia africana

V4. Barachystegia eurycoma
15.  Danuallia oliveri

16. Detarium microcarpum
17. Dialiumn guineense

18. Tamarindus indica

19.  Crateva adansonii

20. Parinari curatellifolia
21, Diospyros elliotii

22. Drospyros mespiliformis
23, Antidesma venosum

24, Iringia simthit

25, Strychnos innocua

26, Strychnos spinosa

27.  Parkia clappertoniana
28.  Prosopis africana

29, Ficus capensis

30, Fins polita

31, Moringa oleifera

32, Syzygium guineense var,

macrocarpum
33. Borassus aethiopum
34, Flaeis guineensis
35. Phoenix reclinata

36.  Raphia sudanica

37.  Puerocarpus santalinoides

38, Ziziphus mauritiana

39, Ziziphus spina-christi var.
spina-christ

40, Gardenia erubescens
41, Nauclea latifolia
42.  Aphania senegalensis

143, Bligha sapida
44, Zanha golungensis

Source: Okafor (1980)
Family
2

Anacardiaceac

"

i3]

"
Annonaceae

”"
Balanitaceac
Bignoniaceac
Bombacaceae

"

Burseraccae
Caesalpinaecae
"

"

Capparidaceac
Chrysobalanaccac
Ebenaccae

"

Euphobiaceae

Irvingiaceae

Loganiaceae
"

Mimosaceae

Moraceac

"
Moringaccae

Myriaceae
Palmac

Palinae

"

Papilonaceae

Rhamnaceae
"

Rubiaceae

"
Sapindaccae
"

"

45, Butyraspernnum paradoxum ssp. parkit Sapotaceae

46.  Pachystela brevipes v
47, Sterculia tragacantha Sterculiaceae
48, Grawia bicolor Tiliaceac

49. Greawia mollis v
50, Celtis integrifolia Ulmaceae

51, Vitex doniana Verbenaceae
*Parts Edible

3. Leaves 5 Fruit 7:  Flowers
4:  Bark 6:  Sceds 8:  Roots

Parts Edible®
3 45 67 89 10

E e

KX K XK M MK

K XK KR XK KK

Eel T e e A T

9:

10:

X
X
X X
X
X
X
X
X
X X
X
X XXX
X X X
X
X
X
X
Oil

Local beverage
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Appendix 3s

Multipurpose Trees for the Himalayan Region
Source: Personal communication, Professor P.K. Khosla, HPKVV, Solan,

HP, India
Scientific name Distribution Uses
(common narme)
1 5 6
Acacia catechu (Khair) Up w0 3500' Fuel, Shelterbelts, Fodder, Katha,

Acer caesium (Maple)

Acer oblongum (Maple)
Atlanthus excelsa (Maharukh)
Adina cordifolia (Haldu)
Aesculus indica )

Anogeissus latifolius (Chall)

Albizia lebbeck (Kalo Siris)

A. procera (Safed Siris)

Alnus nitida (Kosh)

Azadirachta indica (Neem)

Bauhinta variegata (Kachnar)

Cassia fistula (Amaltas)
Celtiv aast-alty (Khirak)
Toona serrata (Dartr)
Toona ciliatu (Toony

Dalbesgra sivson (Shisham)

Emblica officinalis (Amla)
Grewta optiva (Beul)

Moringa oletfera (Sanjna)

Murus alba (‘Toot)

Populus ciliata (Pahari pipal)
Quercus lewcotricaphora (Ban oak)
Q. dilutata (Mohru)

Q. semecarpfolta (Kharsu)
Robima pyeudoacacra (Robiniay
Salix spp. (Beuns)

Sapindus mudkorov (Ritha)

Shorea robusta (Sal)

Termnala tomentina (Sain)

Alnuy wallichiana

7000-10000'
Up to 6000’
Up 1o 2000°
Up o 35007
1000-9000°

Up to 3000°
Up to 4000'

Up to 3500°
6000-9000"

Up to 20007
2000-5000"

Up to 000"
2000-8000°
4000-8000°
Up to 40007
Up to 000"

Up to 45007
Up to 6000°
Up 10 3500°

$000-9000°
1000-10000/
4000-8000°
7000-10000°
B000- 12000°
H000-7000"
2500-15000°
Up ta 50007

I vallevs of foo hills,
Up o 30607

Up 1o 40007
1500-10000°

Soil conservation

Fuel, Fodder, Timber

-do-

-do-

Packing material, Fuel, Timber
Fuel, Timber

Fuel, Fodder, Agr. implements

Fuel, Fodder, Soil conservation,
Shelterbelts

Fuel, Fodder

-do-
Sail conservation

Fuel, Medicinal, Shelterbelts

Fuel, Fodder, Medicir 4,
Shelterbelts

Fuel, Ornamental

Fuel, Fodder, Agric. Impl.
Fuel, Fodder

Fuel, Fodder, Timber

Fuel, Soil conservation, Timber,
Shelterbelts

E-el Fruit, Ornamental
Fuel. Fodder, Agric. Impl.

Fodder, Fruits, Medicinal, Pulp
and Paper

Fuv.l, Fodder, Sports
Fuel, Fodder, Packaging
Fuel, Fodder

Fuel, Fodder

~do-

Fuel, Fodder

Fuel, Fodder

Fuel, Fruits, Ornamental

Fuel, Timber, Fodder

Fuel, Fodder, Timber

Fuel, Fodder, Soil conservation
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Appendix 9
CAB'’s Online Services

The database

The CAB ABSTRACTS database is available online through various hosts
including Lockheed Dialog, SDC Orbit, European Space Agency’s IRS &
DIMDI.

It covers 1973 to the present and contains over a million records. 150,000
additional records are added cach year.

Subject coverage

The database covers the world's literature on agriculture and related fields of
applied biology and corresponds to CAB’s abstract journals which cover the
following disciplines:-

ANIMAL BREEDING & GENETICS
ANIMAIL HEALTH

ARID LANDS

DAIRY SCIENCE

ECONOMICS & SOCIOLOGY
ENGINEERING

ENTOMOLOGY & NEMATOLOGY
FORESTRY & FOREST PRODUCTS
HELMINTHOLOGY

HORTICULTURE & PLANTATION CROPS
HUMAN & ANIMAL NUTRITION
MEDICAL & VETERINARY
PARASITOLOGY & MYCOLOGY
PASTURES & FIELD CROPS

PLANT BREEDING & GENETICS
PLANT PATTIOLOGY

RURAL DEVELOPMENT & SOCIOLOGY
SOILS & FERTILIZERS

WEED CONTROL

The equipment

To scarch CAB ABSTRACTS, you will need a computer terminal to access a
host computer via a teleccommunications  system  such as TYMNET,

TELENET or EURONET,

The cost

Online scarching is a highly cost-effective way of carrying out literature
searches. Relevant literature can be found quickly and efficiently and print-
outs obtained which save hours of manual effort. Full abstracts containing
detailed information are available online and may substitute for original
documents.

The cost of scarching CAB is less than £35 per hour computer time, plus a
charge for telecommunications and printing. Most scarches cost less than £30.
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Scarch-aids

CAB has published a comprehensive search guide ““CAB ABSTRACTS
Online”’. This describes the content and format of the database and scarching
techniques.

A Word List iy also avaitable from CAB. This lists the principal terms
occurring in the descriptor field of the CAB ABSTRACTS database. A full
Thesaurus is in preparation.

Training

To scarch online cost-cffectively, the user should become fully acquainted with
the CAB ABSTRACTS database. To help achieve this, CAB regularly hold
one-day online user workshops throughout the world. CAB would also be
interested to hear from organisations prepared to host such workshops.

Additional services

. CAB staff are availa 1o give help and advise on searching techniques
and the contents « ! 2 database.

. A *Cail CAB™ service is available to provide help and advice and carry
out search requests.

. Copies of over 3,000 rewospective scarches already performed are
available at low cost,

. CAB can provide copies of most original documents included in the
darabase. These may be ordered by post or via the host’s online
document delivery services.

. Magnetic tapes are available for those wishing to scarch CAB
ABSTRACTS on their own computer,

For additional information contact:-
Training Officer,

Commonwealth Agricultural Bureaux,
Farnham House,

Farnham Roval, Slough, UK

Tel: Farnham Common 2281 Telex 847964
Cables COMAG, SLOUGH.
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Appendix 10a

Numbers of References Located in CAB DATABASE Through
DIALOG in Preparing this Document (1972-83 Literature)

Group 1

Group 2

Group 3

Group 4

Group 5

(A). Multipurpose Trees

Subject words

Roundwood
Poles

Canes
Rattans
Lumber
Timber
Sawnwood
Sawn

Any onc or more

Firewood
Charcoal

Fuclwood
Fuels

Any onc or more

Fodder

Nuts

Fruit

Sced + uses
Foliage + uses

Any onc or more

Extractives
Resin
Medicinal
Pharmaccutical
Honey
Becekeeping
Silk

Lac

Any one or more

Shelterbelts

Shade trees
Windbreaks
Lrosion + trees
Catchment + trees
Soil improve

Any one or more

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
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Group 6 Soil conservation + trees 75
Combined! 1 plus 2 257
1 plus 3 393
I plus 4 202
1 plus 6 7
2 plus 3 110
2 plus 4 67
2 plus 6 3
3 plus 4 661
3 plus 6 15
4 plus 6 0
Any pair or more 1609
All above groups in FA/FPA 580

i.e. Within the CAB databasc, in the last 10 years 580 references have been
concerned with 2 or more groups of tree uses.

(B). Exotics and Weed Trees

Subject words No. of references
Exotics 1098
Introductions 28026
Non-indigenous 41

Any one or more 2819%Combined 16
Weed and trees 49 yoferences

(C). Bibliographies

Subject No. of references
Bibliograph 4745

1. The combination of Groups 1, 2, 3 or 4 with 5 were omitted in crror during this scarch
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An information

request service

For example

Computer scarches

Appendix {0b

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 is to acquire, analyse,
interpret  and  disseminate  information  about
agroforestry.

The Council provides this service not only to its
own staff, but in answer o requests from outside and
as a way o promote and  support work in
agroforestry.,

For example, let us say you want information on
the selection of candidate trees and crops for
intercropping in the lowland  humid tropics.
Info/Doc. ICRAF will 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 senior stafl scientists, in this case the
Council’s Forester and Agronomist. They will
provide some more references, and interpret what
they know of the subjeet.

Computer searches can also be requested on the
species in question and referral 1o scientists or
rescarch institutions undertaking this work can
also be made.

A first reply will be formulated. It will offer some
information and indicate what clse the Councii is
undertaking to provide more information,

Many requests have been reccived. For example,
requests concerning the econontics of agroforestry
systems, candidate woody perennials for animal
agroforestry, the effect of trees on soil quality and
grass productivity, the use of Seshania grandiflora 1o
reduce waterlogging on irrigation systems  for
example, and many others.

Commonly, information is sought regacding tree
species with potential for agroforestry.



Acquiring the info.

Information sources
At ICRAF:

Removed from ICRAF:
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For many of these requests, the information is just
not readily available, or more likely, what is
available is incomplete. To get at it requires some
‘digging’ and this takes time.

The result is correspondence between ICRAF and
the source of the request.

Info/Doc. ICRAF can ‘plug you into’ the
following information sources.

The Agroforestry collection of the ICRAF library:
3000 reprints specific to agroforestry and
about 2000 books, monographs and reports.

Manual scarches can be done using a species
or geographic index.

Access to a local agricultural library which
holds most of the broader agricultural
literature of interest.

The ICRAF ‘Agroforestry Brain  Bank’ A
multidisciplinary team of senior seientists
working at ICRAF with extensive and varied
experience of tropical land use systems and
practices.  Advice and interpretation can
usually be obtained from this source.

the computerized data bases that contain the
conventional scientific literature reported in
the well known abstract journals — Agricola,
CAB, BIOSIS, etc.

Replies to queries can be received at [CRAF,
Nairobi, within a month, sometimes within a
week.

Specialized  information  centres  located
worldwide and dealing with land use, tropical
agriculture, forestry, livestock production,
specialized  commodity  crops, farming or
cropping systems, etc.

These are consulted via correspondence to
undertake  manual  scarches.  Information
sought from these sources often takes longest
10 arrive but can be the richest.

Included under this heading is the vast
colonial literature  and  the information
services of some institutes of the Consultative
Group  on  International Agricultural
Research,
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Subject scope

- AGRIS, the FAO coordinated International
Information System for the Agricultural
Sciences and Technology. This is a
computcrized data  bhase listing non-
conventional literature, much of which
originates from developing countries.

Up to 9,000 citations are produced per month
by AGRIS.

- Information centres dealing with agroforestry.
Examples are the Agricultural Information
Bank for Asia in the Philippines and CATIE
in Turrialba, Costa Rica.

- ICRAF correspondents who are practising
agroforestry or who are undertaking rescarch
on the subject.

For example, participants at any of several
international conferences or workshops on the
subject. This is known as the ‘invisible
college’ of agroforestry workers worldwide.

Conditions of use

Users can avail themselves of the agroforestry
information service as long as their requests deal
with agroforestry. The definition of agroforestry is
appended to this document. Agroforestry is not
social forestry, nor is it community forestry or
village forestry, although it may be included as a
component of these land  use  management
systems.

Requests should be addressed to:

Programme Coordinator
Information and Documentation
ICRAF

PO Box 30677

Nairobi.

Kenya.

Speed of reply

It is our intention o provide a rapid reply to
incoming requests. Specific requests are most
readily dealt with, Of course, the rate of reply will
depend on the number of incoming requests.
Experience has shown that there can be a delay of
up to six months  (rare) but  preliminary
information can be sent out within 4-6 weeks. It is
helptul to include what the information is needed
for and, if possible, a bibliographic citation,



137

Once a request is received, it is kept in an ‘active’
dossier while action is initiated to recover the
information needed,

When many requests are received, preference will
be given to answer those originating from
developing countries.

The Output — What you get!

- a specialized list of references prepared at ICRAF.,
This can take the form of a series of
photocopied index cards (sce attached) from
the ICRAF library collection.

This is quickly reproduced at ICRAF and
mailed as a first step in providing the
information required. If the citations are
numerous, they are sent without copies of the
original documents. The originator of the
request identifies the ones wanted.

- a computerized printout of references for analysis
by the originator. In some cases, depending
on the request and number of citations
retrieved, ICRAF will seck the hard copies
direetly.

- pertinent ICRAF publications

- advice or inlerpretation of information. In some
cases, the [CRAT staff scientists are consulted
to provide advice. This depends on the
availability of the staff.

= photocopied documents. These are provided when
requested or when it is thought they will be
uscful to those requesting the information,

What is in it for ICRAF?

Information exchange is a 2-way street. In
exchange for providing information, ICRAF
develops contacts with AF rescarchers and can
help o create a community of interest in
agroforestry.

Given that ICRAF is a Council to promote
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
rescarch in agroforestry.
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Appendix [la

Periodicals, Bibliographies and General References to NFT
Source: Duke and Brewbaker (1982)

(Foreword: This list is just germinating, and we will appreciate your help. It is
intended to be a list of major bibliographics, books and periodicals that deal
largely or wholly with NFT on the high priority list prepared at Bellagio; it is
not intended to be a comprehensive list of research publications. )

1. Periodicials dealing with NFT

Arid Lands Newsletter. Patricia Paylore, Ed. U. Ariz. Tucson, Arizona,
(Frequent mention of legumes for biomass, etc.)

Beanbag. R.S. Cowan and C.R. Gunn, Eds. Smithsonian Institution,
Washington, DC (‘Taxonomically oriented; includes lists of specialists)

BNF Bulletin, Nil"TAL, PO Box **0"", Paia, Maui, Hawaii 96779, (Published
3 tmes annually; focussed on biological nitrogen fixation)

Forest Research. CSIRO, PO Box 4008, Canberra, ACT 2600, Australia.
(Monthly)

ICRAF Newsletter, Internad. Council for Rescarch in Agroforestry, PO Box
30677, Nairobi, Kenva, (Periodical; announcements of publications and
mecetings)

ISTF News. Frank H. Wadsworth, Ed. International Soc. Tropical Foresters,
3400 Grosvenor Lane, Bethesda, MD. 20814, (Quarterly; news notes,
announcements of publications and mecetings)

Leucaena Research Reports. JL. Brewbaker, Ed. Nitrogen-Fixing Tree
Association, PO Box 680, Waimanalo, HI, USA (Annual, publ. in July by
CAPD, Taiwan)

LISA. 1982, Diversity (Plant Genetic Resources Community) CSU, 302
Avlesworth, IFt. Collins, Colorado 80523, USA

Mimosoid  Bulletin, . Vassal, Ed. Internad. Group for the Study of
Mimosoideac. Lab. Botanique, Univ. P. Sabader, 39 Allees J. Guesde, 31062
Toulouse Cedex, France (Annual; Rescarch articles and news, lists of
scientists)

NFTRR (Nitrogen-Fixing ‘T'ree: Research Reports). J.1L. Brewbaker, Ed,
Nitrogen-Fixing "T'ree Association, PO Box 680, Waimanalo, HI, 96795,
USA. (Annual; publ. in February by FISTR, Pahonyothin Rd., Bangkhen,
Bangkok)

The Legume/Rhizobiam Symbiosis: A Continuing Bibhiography. NiFTAL
Project and MIRCEN, PO Box 0", Paia, HI 96779, (Periodical)

2. Major bibliographies and publications on NFT

(NOTE: Nun:bers after species name refer to **general references’ in Seetion
3 below)

ACACIA ALBIDA DEL. 1,4,5,7,10

Felker, . 1978, State of the Art: Acacia albida as a complementary intercrop
with annual crops. USAID Information Services, USALD, Washington, DC.,
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ACACIA AURICULIFORMIS A. CUNN. EX BENTH. 2,3,4,10

National Acad. Sciences (USA). 1983, Mangium and other acacias.
Innovations in tropical reforestation V. National Academy Press,
Washington, DC.

Wiersum, K.F. and A. Ramlan. 1982. Cultivation of Acacia auriculiformis on
Java, Indonesia. Inst. Ecology, Padjadjaran Univ., Bandung, Indonesia
(unpublished)

ACACIA CONFUSA MERR. 5,10
ACACIA FARNESIANA (L..) WILLD. 4,5,6,8,9,10
ACACIA MANGIUM WILLD. 3,4,10

Davidsen, J. 1982, Acacta mangium. Lucalyptus and Forestry Scrvices, PO
419, Armidale, NSW, Australia. 110 pp.

National Academy of Sciences (USA). 1983, Mangium and other acacias.
Innovations in tropical reforestation. 1V, National Academy Press,
Washington, DC.

ACACIA MEARNSIT WIL1.1D). 2,3,4,5,6,10

Sherry, S.P. 1971, The black wattle (Acacia mearnsii de Wild.). Univ. Natal
Press, Pictermaritzburg, S. Africa. 402 pp-

ACACIA NILOTICA (1..) WILLD. EX DEL, 1,3,4,5,6,10
Greaves, A, ed. 1982, Acacia nilotica (syn. A. arabica). Annot. Bibliography
No. 000, Commonwealth Forestry inst., So. Parks Rd., Oxford, England.
ACACIA SHLIGNA (LABILL.) H. WENDIL.. 2,3,4,5,7

ACACIA SENEGAL (1..y WILLD, 1,3,4,5.6,10
Ross, J.H. 1968. Acacia senegal (1..) Willd. in Africa, with particular reference
to Natal. Bol. Soc. Brot., Ser. 2, 42:207-240).

ACACIA TORTILLS (FORSK.) HAYNI: 1,3,4,5,10
Mulhana, K.D. and G.D. Arora. 1980. Acacia tortilis — a promising fast-
growing tree for Indian arid zones. Central Arid Zone Res, Inst., Jodhpur,
Rajasthan 342003, India.

ALBIZIA FALCATARIA (1..) FOSBERG 2,4,5,7,10
ALBIZIA LEBBECK {1..) RENTH. 1,2,3,4,5,7,8,10
ALNUS ACUMINATA O. KUNTZE 3,10

ALNUS GLUTINOSA (1..) GAERTN, 3,10

ALNUS NEPALENSIS 1. DON 3,7,10
CALLIANDRA CALOTIIYRSUS MEISSN. 3,4,7

National Academy of Sciences (USA). 1983. Calliandra. Innovations in
tropical reforestation, V. National Academy Press, Washington, DC.
CASUARINA CUNNINGHAMIANA MIQ. 3,10

Heathes, H. 1981, An annotated bibliography of casuarinas. Internatl,
Working Group on Casuarinas (IUFRQ). CSIRO, PO 4008, Canberra 2600,

Australia,

CASUARINA EQUISETIFOLIA 1., 2,3,7,9,10
ASUARINA GLAUCA SIEB. EX SPRENG. 3,10

CASUARINA JUNGHUINIANA MIQ. 3,10
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DALBERGIA SISSOO ROXB. 4,5,7,10
ERYTHRINA BERTOEROANA URBAN 5,8,9
ERYTHRINA FUSCA LOUR. 5
ERYTHRINA POEPPIGIANA (WALPERS) O.F.

COOK 4,5,8,10

Russo, R.O. 1982. Resultados preliminares de biomasa de la poda de
Enythrina poeppigiana cn Turrialba, Costa Rica. CATIE, Turrialba, Costa
Rica. 10 pp. (unpublished)

GLIRICIDIA SEPIUM (JACQ.) WALP, 3,4,5,7,8,9,10
INGA VERA (L..) BRITTON 3,5
INTSIA B[JUGA (COLEBR.) O. KUNTZE 4,5

LEUCAENA DIVERSIFOLIA (SCHLECHT.) BENTH. 10
LEUCAENA LEUCOCEPHALA (LAM.) DE WI'T 1,2,3,4,5,6,9,10

Brewbaker, J.1.. and E.M. Hutton. 1979, Lencaena — Versatile tropical tree
legume. In New Agricultural Crops, G.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, DC. 115 Pp-
Oakes, A.J. 1982, Bibliography on Leucaena. Germplasm Resources Center,

USDA, Beltsville, Md. 171 pp.

MIMOSA SCABRELLA BEN'TH. 3,4
PARKIA JAVANICA (LAM.) MERRILL 7

Hopkins, M. 1983. Monograph of Parkia species. Doctoral Thesis, Oxford
Univ., Oxford, England

PARKIA SPECIOSA MASSK. 5
PARKINSONIA ACULEATA 1. 3,5,7,8,10
PITHECELLOBIUM DULCE (ROXB.) BENTIH. 3,4,5,7,9,10
PONGAMIA PINNATA (1..) PIERRE 1,3,5,7,10
PROSOPIS ALBA/CHILENSIS “Complex”’ 1,3,4,10

(Includes P alba Griseh. and P. chilensis (Mol.) Stuntz; also P. flexuosa and P,
nigra)

PROSOPIS CINERARIA (1..) DRUCGL, 3

Mann, H.8. and S.K. Saxena, eds. 1980, Khejri (Prosopts cimeraria) in the
Indian desert; its role in agroforestry. CAZRI, Jochpur 342003, Rajasthan,
India

PROSOPLS PALLIDA/JULIFLOR A “Complex™ 1,2,3,4,5,7,8,9,10

(Includes P, palltida (IHHumb & Ron ex Willdy and P. jultflora (Swartz) DC)
Simpson, B.B. 1977, Mesquite: Its biology in two desert ccosystems.
Dowden, Hutchinson & Ross, Inc., Stroudsbure, Pa.

PROSOPLS TAMARUGO F. PLIII.. 1,2,3,4,5,10

Habit, M A T.D. Contreras and R, Gonzalez, 1981, Prosapis lamarugo:
Fodder tree for arid zones. FAO Plant Production and Proteetion Paper 25,
FAO, Rome, ltaly. 110 pp.

PTEROCARPUS INDICUS WILLD. 4,10
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ROBINIA PSEUDOACACIA L. 2,4,5,7,10
SAMANEA SAMAN (JACQ.) MERRILL 2,4,9,10
SESBANIA GRANDIFLORA (L.) POIR. 4,7,8,9,10

Gillett, J.B. 1963. Sesbania in Africa and southern Arabia. Kew Bull,
17(1):91-159,

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 p.

2. Webb, et al. Guide to Species Selection, Commonwealth Forestry Institute,
S. Parks Rd., Oxford, UK.

3. National Academy of Sciences (NAS). 1980. Firewood Crops. Shrub and
tree species for energy production. NAS, Washington, DC. 237 p.

4. NAS. 1979. Tropical legumes: Resources for the Future, NAS,
Washington, DC. 331 p.

5. Allen, O.N. and Allen, E.K. 1981. The Leguminosae. Univ. of Wisconsin
Press, Madison, Wis, 812 p.

6. Duke, J.A. 1981. Handbook of Legumes of World Economic Importance.
Plenum Press, Now York, NY.

7. Duke, J.A., ed. Handbook of Energy Species. Information Summaries on
200 Energy Species. Plenum Press, New York, NY.

8. Garcia Barriga, H. 1974. Flora Medicina de Colombia. Botanica Medical
Imprenta Nacional. Vol 1. 561 p. Bogota, Colombia.

9. Duke, J.A. 1972, Lthnobotanical Dictionary. Published by the author,
Fulton, Maryland.

10. Halliday, J. 1982. The Symbiotic Affinities of Woody Species Under
Consideration as Nitrogen-Fixing Trees. A Resource Document. NiFTAL,
PO Box ‘0", Paia, Maui, Hawaii 96779,

Possibly to add later:

Little, E. L. Jr. and F.H. Wadsworth. 1964. Common trees of Puerto Rico
and the Virgin Islands. Agric. Handbook No. 249, USDA, Washington, DC,
548 p.

Verdeourt, B. 1979. A manual of New Guinea legumes.
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Appendix 11b

Periodicals, Bibliographies and General References
Relating to Multipurpose Trees

(additional to those for nitrogen-fixing trees shown in Appendix 11a)

A. Bibliographies, reviews, general references

ATERRADO, V.R., RAIES, E.R. and SISON, J.C. (1982), Agroforestry — an abstract
hibliography. Southeast Asian Regional Center for Graduate Study and Research in
Agriculture, College, Laguna, Philippines, 120 pp.

BALICK, M.]. (1979). Amazonian oil palms of promise: a survey. Econ. Bot. 33 (1), 11-28,

BALICK, M.]., ANDERSON, A.B. and FREITAS DE SILVA, M. (1982). Palm taxonomy in

Brazilian Amazonia: the state of systematic collections in regional herbaria. Brittonia 34 (4),
463-77.
BOLAND, D.J. and TURNBULL, ]J.W. (1981). Selection of Australian trees other than
cucalypts for trials as fuclwood species in developing countries. Aust. For. 44 (), 235-40.
BURKART, A, (1976). A monograph an the genus Prosopis (Leguminosae  subfam.,
Mimoesoidac). ]. Arnold Arbor. 57, 219-46; 450-525.

CHAZARO BASANEZ, |. de MIGUEL, (1977). El huizache, Acacia pennatula (Schlecht. &
Cham.) Benth. Una Invasora del Centro de Veracruz., Biotica 2(3) t-18.

COMBE, ]., JIMENEZ SAA, H. and MONGE, C. (1981). Bibliography on tropical
agroforestry. Centro Agronomico Tropical de Investigacion Y Ensefianza, CATIE, Program
of Natural Renewable Resources, Turrialba, Costa Rica, 67 p.

COMMONWEALTII BUREAU OF PASTURES AND FIELD CROPS. (1980). Leucaena
leucocephala (1951-72) (compiled from Herbage Abstracts). Annotated Bibliography No. G527,
Commonwealth Agricultural Bureaux, Farnhamn Royal, England, 14 p.

COMMONWEALTH BUREAU OF PASTURES AND FIELD CROPS, (1980). Feucaena
leucocephala (1973-79) (compiled from Herbage Abstracts). Annotated Bibliography, No.
G527A, Commonwealth Agricultural Burcaux, Farnham Royal, England, 23 p.

ELDRIDGE, K.G. (1975). An annotated bibliography of genctic variation in Eucalyptus
camaldulensis. CFL T'ropical Forestry Papers, No. 8, Commonw. For. Inst., Oxford and
Division of Forest Rescarch, CSIRO, Canberra, 59 p.

FALVEY J.L. (1982), Glivictdia maculata — a veview. Intl, Tree Crops J.2, 1-14.

FAO. (197%). Euealypts for planting. FAQ Forestry Series No. 11, Rome, laly, 677 p.

FELKER, P. (1981). Uses of tree legumes in semi-arid regions. Econ. Bot. 35 (2), 174-86.

GRAINGER, A. (1982). Reviews of fuelwood literature, Ind, Tree Crops J. 2, 85-8.

GRAINGER, A. and WINER, N, (1980). A bibliography of Ceratonia sthiqua, ‘The Carob Tree.
The Iml. Tree Crops, ].1, 37-47.

GREAVES, A. (1980). Gmelina arborea  Annotated Bibliography No. F20. Commonwealth
Agricultaral Burcaux, Farnham Royal, England, 61 p.

GREAVES, A, (1981). Guelina arboreq. Forestry Abstracts 42 (6), 237-58,

GREAVES, A, (1981). A bibliography on Acacia nilotica (syn. A arabica) covering the literature
from 18649 to 1979, Commonw. For. Inst., Oxford, England, 21 P

GREAVES A, (1983). A hibliography on Acacia tortilis covering the literature from 1962 10 1981,
Commaonw. For, Inst., Oxford, England. (In press).

HAWKES, [.G., WILLIANS, ].T. and IIANSON, J.(1976). A bibliography of plant genetic
resources. AGPE: IBPGR/70/4, CGIAR/IBPGR, FAO, Rome, Ttaly, 179 p.

LARUF, T.A. and PATTERSON, T.G. (1981). How much nitrogen do legumes fix? Advances
in Agronomy 34, 15-38.

PEDERSEN, B.O. and GRAINGER, A. (1981). Biblingraphy of Provepis. Intl. Tree Crops J.1,
273-86.
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POLHILL, R.M. and RAVEN, P.H. (eds.) (1981). Advances in legume systematics,
Proceedings of the International Legume Conference, Kew, England, 1978. Royal Botanic
Gardens, Kew, England, 2 vols.

RADWANSKI, 8. (1977). Neem tree. I, Commercial potential, characteristics and distribution.
Waorld Crops and Livestock, March/April, 62-6.

RICHARDS, P. (19824). Agroforestry. Annotated Bibliography. No. F24, Commonw. Agric.
Bur., Farnham Royal, England, 44 p.

RICHARDS, P. (1982h). Fuelwood and energy plantations, Annotated Bibliography. No. F26,
Commonw. Agric. Bur., Farnham Royal, England, 26 p.

SCHMUTTERER, H., ASCHER, K.R.S. and REMBOLD, H. (eds.) (1981). Natural
pesticides from the neem tree (Azadirachta indica A. Juss.) Proc. 1st Intl. Neem Conf,, Rottach
— Egern, Germany. German Agency for Technical Cooperation, Eschborn, Germany, 297
p.

TAYLOR, G and TAYLOR, B.A. (1979/1980).  Forestry in the Sahel: a selected
bibliography of source materials relating 1o arid zone forestry and the southern fringe of the
Sahara. Current Bibliography of African Affairs 12 (1), 33-49 (Coll. Envir. Sci. and For.,
Syracuse, New York, USA).

WEE, Y.C.and RAQ, AN, (1982). Current and potential plant resources of the trapical rain
forest. fn: "Tropical forests: source of energy through optinusation and diversification (edited
Srivastava, P.B.L. e al.) Serdang, Malaya; Penerbit Universiti Pertanian Malaysia, 115-25.

Note An annotated bibliography of over 1000 articles on palms (excluding date, coconut and
African oil palin) is in preparation at the New York Botanic Garden (pers. commun, M. J,
Balick, NYBG, Bronx, New York, USA, January 28, 1983).

B. Periodicals

Acta Amazonica (Brasilia, Brazil)

Agroforestry (Turrialba, Costa Rica)

Agroforestry Systems (The Hague, Netherlands)
Annals of Arid Zone (Jodhpur, India)

Australian Forest Rescarch (Canberra, Australia)
Biotropica (Washington DC, USA)

Bois et Foréts des Tropiques (Paris, I'rance)

Brazil Florestal (Brasilia, Brazil)

Brivtonia (New York, USA)

Connnonwealth Forestry Review (Oxford, England)
Fast African Agriculiure and Forestey Journal (Nairobi, Kenya)
Leonomic Botany (New York, USA)

Experimental Agriculture

Forest Genetie Resources Information (Rome, Ttaly)
Indian Forester (Dehra Dun, India)

International Tree Crops Journal (Berkhamstead, Iingland)
Kew Bulletin (London, Inglind)

La — Yaaren (Hanoth, Isracl)

Malaysian Forester (Kuala Lumpur, Nalaysia)
Nigerian Journal of Forestry (Ibadan, Nigeria)
Pakistan Journal of Forestry (Peshawar, Pakistan)
Principes (Kansas, USA)

Sudan Silvi (Khartoum, Sudan)

South Afvican Forestry Journal (Pretoria, South Alrica)
Sri Lanka Forester (Colombo, Sri Lanka)

Sylvit Alricana (Nairobi, Kenva)

Sylvatrop (Laguna, Philippines)

Tropical Forestry Papers (Oxford, England)

Tropical Science (London, England)
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Turrialba (Turrialba, Costa Rica)
Unasylva (Rome, Italy)

C. Abstracts

Applied Botany Abstracts (Lucknow, India)

Arid Lands Abstracts (Farnham Royal, England) (Terminated)
Ecological Abstracts (Norwich, England)

Ecology Abstracts (London, England)

Forest Products Abstracts (Farnham Royal, England)

Forestry Abstracts (Farnham Royal, England)

Herbage Abstracts (Farnham Royal, England)

Horticultural Abstracts (Farnham Royal, England)

Plant Breeding Abstracts (Farnham Royal, England)

Weed Abstracts (Farnham Royal, England)
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Appendix 12

Recommendations of Fourth Sessinn of FAO Panel of Experts on Forest

Gene Resources (FAO, 1977)

A. General

1.

To International Organizations

(1) On the assumption that the funds available for sced 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 should be distributed as

follows:
(a)
(b)
(c)

(d)

O]

(8)

US$ 10 000 to the Instituto Nacional de Investigaciones Forestales
(INIF) in Mexico, for further exploration and cc%sction of
Mexican conifers and hardwoods.

US$ 3 000 10 the Forest Rescarch Institute of Nigeria, for further
exploration and collection of tropical hardwoods in West Africa.

US$ 3 000 to the Centre Technique Forestier Tropical, for further
exploration and collection of tropical hardwoods in West Africa.

US$ 15 000 to the Division of Forest Rescarch, CSIRO in
Canberra, for further exploration and collection of the genus
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  exploration and  collection  of species of - Fucalyptus,
Aracaria, Toona and Flindersia.

USS 1000 10 the United States Forest Tree Seed Centre at Macon,
for supply of seed to developing countries.

US$ 8 000 for contingencies, to other institutes as required.

(2) The Panel noted with gratification the proposals of FAO's Forestry
Department that the Regular Progrivnme funds for Forest Genetic Resources
in 1978/79 be substantially increased, as compared wtih  1976/77. 1t
recommended that, in distributing such additional funds, FAO should give
consideration o supporting the following:

(a)

(b)

(¢)

Exploration/collection  of  Central  American  conifers  and
hardwoeods by the Commonwealth Forestry Institute, Oxford.
Additional exploration and collection of West African hardwoods
by Forest Rescarch Institute of Nigeria and Centre Technique
Forestier “'ropical.

Collection of Mediterrancan conifers coordinated by Instituto
Sperimentale per la Selvicoltura, Florence.

Additional exploration/collection of Australian species by Division
of Forest Research, CSIRO, Canberra,

Additional exploration/collection of Papua New Guinea specices by
Department of Forests, Papua New Guinea.
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()  Exploration/collection of Gmelina and other hardwoods, and of
Himalayan conifers, by the Indian Forest Service and the
Danish/FAO Forest Tree Sced Centre.

(8) Additional collections by the US Forest Tree Seed Centre, Macon,
for supply to developing countries.

(h) International surveys and assessments of provenance trials of
Eucalyptus and other genera,

(i)  Training activities in all aspects of the exploration, collection,
evaluation, conservation and wtilization of forest genctic
resources.

(3) The Panel stressed the need for it to maintain its responsibilities for
the central dircction and coordination of the Global Programme on Forest
Genetic Resources. Advice on specialised aspects, e.g. data storage and
retrieval, long-term sced storage, could he provided by IUFRO Working
Parties or ad hoc pancls, but would not replace the global coordinating
function, which only the Panel could fulfil.

(4) The Pancl emphasised the valae of the publication “‘Forest Genetic
Resources Inl vmation” and recommended that FAO continue to publish it
periodically.

(5) The Pancl welcomed the proposed change of title of one post in FAO’s
Forestry Department from Forestry Officer (Afforestation) to Forestry Officer
(Genctic Resources and T'ree Improvement), which reflects the importance
which  Forest Genetic Resources  have increasingly assumed in  the
Department’s Regular Programme over the past decade. At the same time it
recognised that the increasing commitment for central coordination of the
Global Programme, which results from the financial support of UNEP and
possible  from future  support from IBPGR, would need additional
coordinating stafl, which might be financed from Trust Funds,

(6) The Panel wanmly welcomed the new project on Conservation of Forest
Genetic Resources (1108-75-05), which is being financially supported by
UNEP, and noted the progress made. [t stressed the importance of conservation
of natural ceosystems i situ, as the most suitable method for the majority of
specices, but recagnised its long-term nature, Operations for in situ conservation
which could be completed in a two year project were confined to ecological
survey, demarcation of boundaries, etc. For this reason, the Panel noted that the
project’s operational progress in in situ conservation had been slower than in ex
situ - conservation. 1t recommended  that attempts to identify  worthwhile
operations for in =itu conservation should be continued for six months, At the
end of that period, any funds unspent under in situ conservation could be
transferred to esiablisnment of ex situ conservation stands, for which there is a
considerable demand, or to training activitics. The funds of the current
project should, if possible, be allocated in sufficient quantity to cover the full
establishient period. The Pancel recommended that UNEP give favourable
consideration to the contination of conservation operations by financing a
follow-up project when the current project ends.

(7) The Panel recommended that close liaison be maintained with Unesco
(MAB 8 programme) and TUCN in all activitics concerned with in situ
conservation. /n situ conservation of forest genetic resources can frequently be
combined with nature conservation in general, but the special needs and
problems of genetic conservation should not be overlooked.
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(8) The Pancl noted that the IBPGR at its Third Session (February 1976)
had, in addition to food trees, identified the exploration and conservation of
the genctic resources of a few species important for agriculture, in connection
cither with the fuel requirements of farming populations or the stabilization of
marginal environments, as projects in which its should be authorized to give
limited financial support. The Pancl welcomed the interes: of the IBPGR in
species valuable for agricultural communities and noted the list of candidate
species in - the seeretariat note **Species for Improvement of Agricultural
Environment and Rural Living” (FO: FGR/4/6). Of these, Eucalyptus
camaldulensis and k. tereticornis were already included in the UNEP project,
while £, microtheca and several species of Acacia and Prosopis should be given
high priority.

(9) The Pancl emphasised the importance, and the present inadequacy, of
training facilities in the comparatively new field of Forest Genetic Resources.
It recommended that training should be expanded. It should be adapted to local
needs and could include short practical courses in the field, as well as longer
and more formal academic courses at universities,

(10) "The  Panel  recommended  the  intensification  of  international
cooperation in tree breeding programmes for individual species of wide
importance, e.g. Plnus cartbaea in the tropics, Pseudotsuga in N. America and
Lurope. Where appropriate, this should include national seed orchards
producing seed for international use. An essential part of this work would be
the compilation of an international register of sced orchards, following the
example ol KEC, showing the quantities of seed expected to become available
to other countries,

2. To Governments

(1) The Panel expressed dts warm appreciation of the excellent work of the
Danish/FAO Forest T'ree Seed Centre in Humiebaek, Denmark, and noted
that the present financing period of the Seed Cenre s due to expire in
approximately two vears. In view of the essential role of the Seed Centre in the
series of FAO/DANIDA “Fraining Courses on Tree Improvement, Genetic
Resources, Seed Handling and Afforestation, in coordination and advice to
regional seed and tree improvement centres, e.g. in India and Thailand, and
in cevaluation and conservation activities, the Panel recommended that the
Danish Government give consideration 1o the continuation and, if possible,
the strengthening of the Seed Centre at Humlebaek.

(2) The Panel noted that o proposal had recently been put forward by
FAQ that the Danish International Development Ageney (DANIDA) should
consider including the establishient of international ex situ provenance
conserviation stands in its programme. "The Pancel endorsed this proposal for an
important addition to the valuable programme in international forest genetic
resources already heing carried out with DANIDA support and suggested that
the: Danish/FAO Forest "Free 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 ity warm appreciation of the excellent work of the
Commonwealth Forestry hstitute ar Oxford, through its Unit of Tropical
Silviculture, which included such varied activities as the exploration and
collection of Central American pines and hardwoods, studies of the genus
Agathiy and the production of the series of ‘Tropical Forestry Papers. The Panel
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expressed the hope that the UK Government would continue to support this
important work.

(4) The Panel expressed its warm appreciation of the excellent work of the
Seed Section of the Division of Forest Research, CSIRO Canberra and noted
the wide range of species and provenances collected since its last sessiuon in
1974. It expressed particular satisfaction that substantial new collections of the
Petford and Katherine provenances of Eucalyptus camaldulensis and the M.
Garnet provenance of Eucalyptus tereiicornis had been made for conservation
purposes with the assistance of UNEP funds. It recommended that the Division
of Forest Rescarch continue these operations, which are of great value to
many developing countries, and that, in determining the species to be
collected in the future, priority be given to those of value for agricultural
communities.

(5) The Pancl expressed its warm appreciation 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 scason,
and recommended that seed for international trials of both the INIF and Crl1
Oxford collections be distributed as soon as possible. It expressed the hope that
these operations be continued and expanded to cover additional genera, e. g,
Pseudotsuga, Populus.

(6) The Pancl expressed its warm appreciation of the excellent work of the
Indian Forest Service in the exploration and collection of a number of
provenances of Gmelina arborea in Indlia, in collaboration with the Danish/FAO
Forest Tree Seed Centre. In view of the potential importance of this specics 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 Rescarch Institute of Nigeria and the Centre Technique Forestier
Fropical, in the exploration and collection of tropical hardwoods in West
Africa, and of the work done by CTFT in collection of cucalypt sced in
Australia and the East Indies. It recommended that this work be continued and,
if possible, expanded.

(8) The Pancl expressed its wann appreciation of the excellent services
provided by the US Forest Tree Seed Centre at Macon and recommended that
these be continued and expanded.

(9) The Pancel recognised the paramount role of national staff in the
management ard assessment of species and provenance trials, in order to
derive information of maximum value for local purposes. At the same time, it
recognised the value, for comparing results between countries, of assessnients
carried out to a common international standard. 1t recommended that institutes
responsible for the coordination of international trials should be prepared, on
request, to assist cooperating countries in assessment and dosumentation of
the trials, and should provide the necessary funds for the travel involved.

B.  Technical and Operational

(1) The Panel reiterated its previous recommendation that rescarch should
be intensified, particularly in the tropics, on flowering and reproductive
systems, in addition to sced handling. While welcoming the publication
“Tropical Trees, Variation, Breeding and Conservation®, the Panel noted
that basic research on reproductive biology of most tropical hardwoods is still
lacking.
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(2) The Panel welcomed the publication of the Report of the IBPGR
Working Group on Engincering, Design and Cost Aspects of long-term Seed
Storage Facilitics. 1t recommended that panel members should scek the
comments of forest seed experts in their respective countries on the extent to
which the prescriptions for long-term storage of agricultural sceds are
applicable to forest seeds. If the requirements are similar, at least in the case of
“orthodox sceds’, the Panel recommended a survey to ascertain which forest
seed eentres could provide the recornmended facilities.

(3) The Panel reiterated its previous recommendation that information on
equipment for seed collection be summarised and published as soon as
possible. It noted the current survey of seed equipment being carried out by Dr
Bonner for the IUFRO Working Party on Seed Problems, which is expected
to include equipment for seed collection. If additional, more detailed,
information is requived, the Panel expressed the hope that the FAO/DANIDA
Forest Tree Seed Centre would undertake the work. It recommended that the
publication should include information on safety regulatiuns,



150

Appendix 13

US National Research Council Grants Approved for Fast-growing,
Nitrogen-fixing Trees

through December 1982

NO./TITLE
FGT-CL-1-83-13

Evaluation and Testing
of Fast-Growiny,
Nitrogen-Fixing

Tree Species for
Semi-Arid Regions

FGT-KE-1-82-19
Technical/Scientific
Back-up

FGT-KE-3-83-17
Selection and Testing
of FGNFTs for Use in
Farm Woodlots and
Agroforestry
Combinations

FGT-MX-2-83-12
Native FGNFTs in
Upland and Lowland
Sites as a Source

of Fodder, Fuelwood
and Soil Enrichment

FGT-PH-1-83-11
Nitrogen Fixation
and Multiple Uses of
Albizia falcataria,
Gliricidia sepium,

and Sesbania
grandiflora

FGIYTH-1-82-20
Field ‘T'rials and
Testing of Selected
Species of Fast-
Growing, Nitrogen-
Fixing T'rees

Determination of Best
Species, Provenances,
Rhizobia, Mycorrhiza
in the Congolese
Savannahs

Fast-Growing,
Nitrogen

Fixing Trees in Agro-
forestry: Effect on
Crop Yiclds and Soil
Properties

INSTITUTION/COUNTRY

Instituto de Investiga-
ciones Tecnologicas
(INTEQC)

Chile

International Council
for Rescarch in
Agroforestry (ICRAF),
Kenya

Deparanent of Forestry
University of Nairobi,
Kenya

Instituto Nacional

de Investigaciones
Sobre Recursos Bioticos
(INIRER),

Mexico

Visayas State College
of Agriculture (ViSCA),
Philippines

Thailand Institute

of Scientific and
Technological Research
(TISTR),

Thailand

GRANTS IN PROCESS *

Centre Technique
Forestier Tropical
(CTFD),

Peaple’s Republic
of the Congo

Bunda College of
Agriculture,
Malawi

PRINCIPAL
INVESTIGATOR PERIOD
E. Maria 11/30/82-
Elena Torres 11/30/85
Peter A, 3/9/82-
Huxley 3/8/83
Frederick 11/23/82-
Owino 11/22/86
Enrique Pardo 3 years
Tejeda

Rudolfo G. 3 years
Escalada

Narong 2/11/82-
Chomchalow 2/10/85
Daniel 4 ycars
Diangana

O.T. Edje 4 ycars
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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 Acacla in Sudan:

Spatial Extent,
Utilization, and Germ
Plasm Characteristics

University of Panama, Blanca C. de 3 years
Panama Hernandez

GRANTS TENTATIVELY APPROVED®
Pontificia Universidad Orlando Balboa 3 years
Catolica de Chile,
Chile
University of Gezira, Mahdi Beshir 2 years
Sudan

*Titles shown are subject to modification as grant documents are prepared.
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Appendix 14

Research Units of JUFRO That Are or Could Be Concerned
with Multipurpose Trees

Division 1. Forest envivonment and silviculture

S$1.01-06 Tropical and subtropical forest ccosystems
S51.05-02 Afforestation problems in arid and sub-arid regions
$1.05-06 Multiple-use silviculture

$1.07-06 Stlviculture of mangrove forests

51.07-07 Agroforestry

S1.07-08 Stlviculture of mangrove forests

S1.07-09 Wood producnon i the neotropics via plantations
S1.07-10 Tropical Tand rehabilitation by altorestation
S1.07-11 Tropical nursery and plantation techniques
P1.09-00 Integrated tesearch in biomass tor energy
PLII-00 Meditertancan shrub ecossstems

P1.12-00 Casuarninag

Divvsion 2 Forest plants and fireut protection

SL02-01 Dendrology

S2.02-02 Comservanon of gene resources

S2.02-0% Speaes monogtaphs

S2.002-08 Tropical speaies provenances (excluding eucalypts)
S2.02-049 Fucalypt provenandes

82.03-01 Breeding tropical species

S2.03-0% Seed orchards

S2.08-04 World directory of geneticists and tree breeders

S2d-1y Breeding Fucabyptias
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Appendix 15
Position Announcement

The International Union of Forestry Research Organizations (IUFRQO)) is
seeking a senior level forester for a position as Special Coordinator, 1o increase
IUFRO programme activities in support of forestry research in developing
countries. This is o new position, established on atrial basis for two vears and
beginning approximately July 1. 1983, Primary duties during the first year
will be (1) o organize up o three workshops in developing countries thie will
identify urgent rescarch needs and develop action plans o meet these neceds.
(2) to disscrninate information on forestey researcly problems and activites in
developing conmuries by preparing aticles for TUFRO News and other
publiciions and 3y subject to fuether negotianion with donors, 1o administer
travel funds to mcrease participation of researchers from de veloping countries
I nternational scientitic meetines

Qualifications required

oA unmiversis degree in torestry, preferably ag the doctorad fevel.

2o Espenience i the condnct, mamagement. and administration of loresory
tescardch,

3. x\])]n’:'( vaton of the foresny condinions and customs and necds nl‘])t'n])](' in
developing revions

oA workine bnowledae of the poane iples and procedares of TUFRO. FAQ),
and other imternatonal worests oreanizations

O bapernience i deddine with fngh level sovernment oftic rals, university and
other rescarchimstmure diveciors, and officers ol mternational or gailizations in
adimmaesterime malnlaceral and balateral donor Tunded projecis in adeveloping
cauntey envitonnont

6 Capabnbiee o worb indepe ndends without ose supervision or direction,
7o Fluency o Baeheh anchodimn the demaonstiated abilite to write pohshed
fetters and vepores e abaline o speak and write in Spanish, French, and/or
Grettinan s desyrable

8 The phvsiead stamie o oy one extensive and extended travel o a wide
variens of focations thiranehont the world.

Applications

Appheas shoald sibime o deter describing how they meet the above
quabticanons, awowneadum vitae, and the mames (with address sand telephone
number) of two referess having specitic knowledge of their qualifications for
this position.

Twa copes ot the apphaon should be sent, one cach

Professor D Duasan Mlinsek Do Robere B Buckiman
TUTFROY President Vice President, TUFRO)
Biotechngeal Faouln USHA Farest Service
Kiehoy e | POy Box 2417

G100 T ubljan Washmueton, DO 20013
Yugoshevia USA

Apphications st be veceived by Manch 510 1985

NOTE The successtul apphcant will be expected o atiend the 1983 meeting
ol the TUFRO) Exeantive Board in Manaus, Brazil, Julv 17-29,
POSTSCRIPT: since the Workshop in Washington the post has been filled by
Mr. O. Fugalli (Ltaly) formerly with FAQ).
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Appendix 16

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 acacias were grown in glasshouses they did not set seed; and
Moffett and Nixon (1974) concluded from their own work and that of their
predecessors at the Wadde Research Institute that there was probably some
self-incompatbility in o wmearnsii and A, decurrens. both A, mearnsii and A,
decurrens do set some seed by self-pollination (Philp and Sherry, 19463 Moffeu,
1956) and A batlvana sct seed by self-pollination (Newman, 1934). Zapata
and Arroyo (1978) found self incom atibilioy in A, macracartha.

The mechanism of self-incompatibility is not known. The spatial and temporal
separation of anther and stigma surlace would be insulficent 1o prevent
pollination because there are almost always other inflorescences on the same
plant at various stages of development.

ARROYO, MUT.K. 1981, Breeding Systems and Pollination Biology in Leguminosae. In:
Advincesain Legume Systematics Pare 20 Fdo RN Pollall and PoHL Raven Royval Botanic
Gardens, Kew

HOCKING, B Dusect Asocations with the Swollen=Thorn  deacias. Transact. Roy
Entomological Soc ol London 12221159

HOPPER, S D oand M isSEIND BR O 1978 Phytogeography of deacm in Western: Austrabia,
Aust | Bor 20 0800

JANZEN D H 19748 Swollen Thora Acacas of Central Ametica. Smithsonian Contriby, Botany
No. 3

KENRICK, | . MARGINSON, R . BERESFORD, G, and KNOX, R.B. (1983). Birds and
pollination e Aeaca termmal. T Pollinanon 82 Ed. Willians E.G. and Knox, R.B.,
University of Melbourne.

KNOX, R B oand KENRICK, ] ¢1982) Polvad tunction in relation 1o the hreeding svstem of
Acacua. To Pollen Biology (ed . Nuloahy Dand Otcsians, Eo Elserieu-Nonh Holland Press (in
[ress).

MOFFETT, A A 1956 Genenal Studies in Acacias. 1. The estimation of natural crossing in
black watde, Heredity 10: 97-67.

MOFFETTT, A A and NINON, KN 1971 The Effects of Selt-Feralization on Green Wanle
(leaa decunrens Willd ) and Black Watde 0 mearn de Wikd), Wattde Rescarch Institure
Repore 19714-74

NEMWNAN A 193 Stuches inothe Austrahan Acaciae [N The Lite History of Acaca baileyana
FANLPant 2 Gunetophytes, Ferthization, Seed Production and € renmination, and General
Conduston. Proc Linn. Soc NS W Jom 277303

PHILY, . and SHERRY . S.PO1949 The Geneties of Hvbrids between Green Wattle (1.
decurreny Wilkidy and Black Watle (0 mollivama) FSCAL Foro Ase 17 654,

ZAPATA TR and ARROYO! NULKL (1978). Plant wepraducnive ceolony of a secondary
deciduous tropncal forestin N enezuala Biotiopnen 10 221-230,
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Appendix 17

Seed Certification, Provenance Nomenclature and Genetic History in
Forestry

Source: N. Jones and J. Burley
Reproduced with permission from Silvae Genetica 22(3), 1973

Introduction

The establishment of forest plantations throughout the world demands
annually increasing amounts of sced. Sceds are often transferred between
countries, or between arcas within countrics, accompanied by inadequate
informadon about their source and history. Many countries have established
seed zone systems for their indigenous species and various schemes of seed
certification have been or are being designed in which better and essential
information on seed is provided both natonally and in relation o
international trade.

Most existing <chemes relate to European and North American countries; the
purpose of the present paper is to bring them together o the attention of other
countries, particularly those tropical and subtropical countries that are
currently establishing  large  industrial plantations  of both exetic and
indigenous species. The development of local certification schemes based on
an international system is recommended. There are, however, limitations in
the existing systems for tree breeding programmes which are noted and some
amendments suggested.,

Sced certification

Certification is defined in English usage as the authoritative attestation of facts
or statements and it usually implies documentation by a formal written
certificate. Seed certification is an official statement that a seed lot conforms to
certain standards  which may include  specific identify, origin, genetic
characters and seed purity. These include the ‘genetic” and ‘somatic’ values
described by Rohimeder (1960). As used by plant breeders, after many years of
development, seed certification implies genetic improvement and it aims to
facilitate the provision of high quality sced from superior crop plants with
similar genetic identity and purity. In this case, strictly, the term certified
should be reserved 1o deseribe seed of improved (and uniform genetic) quality;
it should not be used o identify seed origin. Complete genetic uniformity and
predictability are generally obtained only after several generations of selective
breeding and in forestry they have been rarcly obtained or required. For
forestey, therelore, seed  certification systems have developed largely 1o
provide labels and records that give officially authenticated details of identity
and origing a summary of carly Furopean work was given by Commonwealth
Forestry Burcau  (1941). However, as  tree breeding  progresses  and
particularly as improved seeds are exchanged between countries, it will
become inereasingly important 10 know more of their genetic history and
quality.

According to Banks (1968) forestry has been slow to follow agriculture’s lead
in sced certification for three main reasons: - (1) the lack of appreciation of the
importance of seed origin, (i) sced certification is based on breeding, and tree
breeding is slower than agricultural breeding, and (i) the volume of forest
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tree seed traded is small. Also tree seed is commonly collected by unsupervised
and unskilled labour. However, as tree breeding programmes become
productive, seed certification is becoming more urgent, particularly in tropical
regions with their fast growth, carly flowering and short commercial and
breeding rotations.

A detailed review of progress towards seed certification in 30 countries was
provided by Matthews (1964). There were at that time 12 comprehensive
national certification schemes; with the exception of Japan and USA 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 Columbia, and parts of Norrthwest Territory and the Yukon {(Wang
and Sziklai, 1969; Anon., 1971, 1973; Piesch and Phelps, 1971). (Source-
identified seeds with a value approaching a quarter of a million Canadian
dollars are now exported annually from Canada under this scheme.) In
Australia the principles of seed certification have been discussed (e.g. Banks,
1968, 1970) but there are not state or national systems operating. ‘1'he State
Forest Services have usually maintained records of origin of seed lots on a
voluntary basis (Turnbull, 1973; pers. connn.)

Matthews (196:4) outined the prineiples of a national seed certification scheme
and a good example of the details of such o scheme was given by Schoenike
(1969) for the state of South Caroling, USA. Minimum standards for
certification, particularly for the provenance and progeny testing necessary,
have been deseribed by the Georgia Crop Improvement Association (1959),
Wakeley et al. (1960). Barber (1964), Schoenike (1969) and Stern (1969).

Despite the cooperation of foresters, seed collectors, seed dealers and local or
national legiskators, it is obviously difficult to develop national schemes that
are acceptable to all those concerned with tree seed. (See, for example, the
carlier controversy in the United States vecorded in Society of Ainerican
Foresters Seed Certification: Subcommitiee, 1961, 19634, 1963h: Western
Forest Tree Seed Committee, 1961 Ceeh, Barber and Zobel, 1962).

Clearly it is important, even though difficult, w create internationally
acceptable systems ol seed certification. As more countries become involved in
sced exchange, plantation work and tree improvement, such a system can be
considered essential, Tn fact an international scheme does now exist. This is
the scheme which sets minimum  standards for the control of forest
reproductive material moving in - international trade, prepared by the
Organization for Feonomi Cooperation and Developing (OECD, 19715 see
also Barner in FAO, 1971). First accepted in 1967 after several vears'
preparatory work and meetings, this Latest version is still subject to discussion
and amendment. OFCH covers 23 countries, 17 of which are interested in the
scheme shile 11 have aready named their designated authorities for the issue
of certifhicates and for making the necessary checks.

The FAO Panel of Fxperts on Forest Gene Resources recommended that
countries should model their own national seed certification schemes on that of
the OECD, even though varving conditions from country to country will
mitke complete standardisation impossible (FAQ, 1971). The OECD scheme
is also compatible with that of the Eoropean Economic Community (KEC,
1966).



The OECD schemne

The OECD scheme has not been widely publicised outside Europe and North
Amecrica although it is open, on a voluntary basis, to all member countries of
the Organization and 0 member countries of the United Nations or its
specialised agencies. Although participation is voluntary, it entails complete
acceptance of the rules of the scheme, including the designation of competent
authorities 1o issue the relevant certificates. The scheme refers o all
reproductive parts of plants, not just sced. The following terms are defined: —
stand, indigenous stand, selected  stand,  seed orchard, clone, cultivar,
provenance (location ol sced source), origin, region of provenance, and
designated authority. Barner (1972), who is the forestry consultant to the
OECD scheme, has considered in detail the implications of the scheme for
sced orchard classification and cerdfication.

In essence the OECD (1971) scheme recognised  three  categories  of
reproductive material: source-identitied, selected and certitied.

The two requirements for source-tdentified v productive material are (a) the
region ol provenance where the reproductive material is collected and the
nature of the origin of the reproductive material (which may be indigenous or
non-indigenous) shall be defined and registered by a Designated Authority;
(b) the seed shall be collected, processed and stored or plants shall be raised
under the control of & Designated Authority, For selected reproductive material
the same requirements apply but in addition the scheme outlines special
criteria for the isolation, unitormity, population size and properties of selected
stands. For certified veproductive material there s the additional requirenient
of genetie superiority, demonstrated by provenance or progeny tests,

As indicated carlier, this Latter weem ‘eertified” is unfortunate hecause in English
it simply means the provision of a certificate; the other two categories are also
provided with certificates. The term fested” s curcently being considered
although, again in Eaglish, this does not imply superiority. Terms such as
passed’, “qualified”, “crtified supertor’, “proved” might be better although any one
would be aceeptable it an adequate definition is given,

However, the results ol tests in one environment must be interpreted with
caution when applied 1o another because of the interactions of the genotype
with the new environment. At its meeting in March, 1973, the OECD
proposed the inclusion of a fourth category. **Reproductive material from
untested seed orchards™ "This category additionally requires approval by the
Designated Aathority of the objectives, dosign, components, isolation,
location and management of the seed orchard.,

Other schemes

Some countries recognised subclassilications of their local seed sources, betore
progeny testing showed their genetic value, g the plus, almost plus, normal
and minus categories of Great Britain (Larsen, 1960, 1961): or the plus,
normal and minus stands of Sweden (Fhe Roval Board of Private Forestry of
Sweden, 1950); or the standard plus, standard superior, and standard grades
suggested for Western American conifers by Tsaae (1960),

However, none of these systems offers adequate information on the genetic
history and probable variability of the material, It has long been known that,
for most tree species, the source and parentage of a seed saniple influence the
survival, adaptability, variability, productivity and value of the resultant
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plantation. The number of potential parents varies with species from densities
of one to several hundred trees per acre. To determine the optimum sced
source for a given site type or region, comparative experiments are necessary,
commonly termed sced source trials or provenance trials. Various definitions
of provenance (provenience) and seed source are available.

Current definitions of provenance

Published definitions

Probably the carliest widely accepted English definitions have been:

(i) ““The geographical source or place of origin from which a given lot of seed or plants
was collected; the material from such a source or origing often restricted to imply
material from a spectfic race.”” (Empire Forestry Association, 1953).

(i) ““The original geographic source of a lot of seed {or pollen).”’ (Wright, 1962).

These definitions were commonly associated with studies of variation in
naturally widespread species that demonstrated ccotypice, clinal or random
variation between populations; thus, although they did not specifically exclude
nonnative populations (i.e. exotic plantations) they were often taken as
referring to natural populations. This is specifically stated in the £ st of two
definitions of provenance given in the Terminology of Forest Science (Society
of American Foresters, 1971):
Provenance (1) = provenience
The geographical area and environment, to which the parent
trees, etc. are native, and within which thetr genetic constitution
has heen developed through natural selection,
Provenance (11) = source, origin, provenience
The geographical source, i.e. place of origin, of a given seed lot
or pollen.

However, the SATF Terminology defines sced source as:
Seed source = seed origin
The locality where a seed lot was collected.
Note: if the stand from which collections were made was exotic,
the place where its seed originated is the original seed source.

However, these do not coincide exactly with the Southern Forest Experiment
Station’s revision of a Socicty of American Foresters’ Glossary for Forest Tree
Improvement Workers (Snyder, 1972):
Provenance.

The ortginal geographic source of seed, pollen or propagules.

Seed source.
The locality where a secd lot was collected; also the seed itself. If the stand from
which the collections were made way in tun from non-native ancestors, the original
seed source should also be vecorded and designated as the provenance.

The Organization tor Economic Cooperation and Development, in its scheme
discussed above, defined the following:

Provenance = The area on which any stand of tres s growing. The stand may he
indegenons or non-indigenows. (AU its meeting in 1972 the
OFCD proposed a slight amendment; The place in which any
stand of treey 1y proweing. The stand may be indigenous or non-
mdigenons. )
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Origin = For an indigenous stand of trees the vrigin is the place in which the
trees are growing; for a non-indigenous stand the origin is the place
Jrom which the seed or plants were originally introduced.

Whichever definiton of provenance is used, it is desirable to compare
different sced lots in designed experiments called provenance tests. Indeed the
‘certified’ category in the OECD scheme requires proof of superiority to be
shown by provenance or progeny tests. Currently proposed amendments for
the OECD 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 (Ricger, Michaclis and
Green, 1968).

Progeny (est.
Evaluation of parents by comparing the performance of their offspring.
Accuracy is usually gained because several to many offspring per parent are
evaluated under more controlled conditions than exist for the parent
(Snyder, 1972)

Progeny test.
Evaluation of parents by the performance of their sexual progeny. Includes
I-parent progeny test, in which only the female parent is known, and
2-parent progeny test, in which both the seed and pollen parents are known
(Wright, 1962).

Limitations of existing definitions

All the definitions of provenance quoted above have limitations. The object of
any definition s 1o provide as many people as possible with as much
uncquivocal information as possible about the object described. With careful
and combined use of one or more of the above definitions, the geographic
history of i seed lot could be deseribed, fe. 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 nomenclature applicable 10 a sample
of sced of Pimo patula collected in Kenyan plantations; these plantations were
raised from sced collected in South African plantations and these were
themselves raised from seed collected in natural stands in Los Reyes, Hidalgo,
Mexico. The source, origin or provenance could variously and reasonable be
named Kenya, or Kenyaex Mexico, or Kenya ex South Africa ex Mexico, or
Mexico (Los Reyes, Hidalgo). In practice all available information should be
sought and siven, particularly in international transfers of seeds,

However, none of these possible names would give any indication of the
history of natural 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 correctly,
none ol these naes gives any indication of the pattern of natural variability in
a species.) None of the classificatory and nomenclature systems discussed
above canimpart all the information that is desirable about the antecedents of
a given seed lot they relate only to the geographical history, not to genetic
history.

All genetically based tree improvement programmes essentially follow classical
plant breeding procedures. "The value of end product is recognised and
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cultural techniques are developed te produce an acceptable yield. Certain
highly productive or better adapted populations are identified and intensive
brecding is based on these. The genctic variability is high in carly populations;
as the amount of parental stock is decreased by selective breeding, the genetic
variability will be reduced which in turn reduces the genetic gains possible by
further sclection,

To maximise genetic gains it is essential to know the genetic composition of
the initial population used for breeding. In the nest section we consider some
of the possible alternative histories of natural and artificial selection that could
have a bearing on the planning of programmes of selection and breeding. Itis
not suggested that a formal system of nomenclature or classification be
developed for these; rather we would wish only to emphasise the need w
obtain as much relevant information as possible on each seed lot.

Genetic history

A sample of reproductive material may comprise fruits, seeds, pollen,
scions for vegetative propagation, or tissue for aseptic culture, but the
following discussion will be restricted 1o secds because these form the major
companent of commercial forest repraduction, particularly seeds of naturally
outerossing species.

A sample of seed Trom one population of parent trees may be collected from
one, a few, or many parents. The amount of genetie variability represented
generally increases with inereasing number of parents particularly if they were
randomly sclected o represent the population. However, genetie variability
may be reduced even with larger numbers of parents if the parents were
located close together ina natural stand, or it they oceur ina plantation which
icself was derived from a small number of parents, or if they were selected 1o
meet special eriteria. In the latter case, their phenotypes are similar and there
is an increased chanee that their genotypes will be similar; in the other (wo
cases there is a greater chance of common deseent (coancestry).

There are three important consequences of reduced genetic variability in a
seed sample. Firstly, in the commercial plantation there is a risk of inereased
susceptibility to damage by pathogens and climate factors, and of a change in
marketability of produce; this risk, common to all types ol monoculture,
increases as genetic variability decreases, although it may be offset to some
extent by increased predictability of performance and case of management,
Sccondly, the amount of additive genetic variance available for future use by
selection in the plantations is decreased, reducing the further gains possible
through breeding. Thirdly, the risk of inbreeding depression i a breeding
programme increases with increasing degree of relationship between selected
individuals.

The number of parents represented, and their degree of relationship are thus
important considerations when a crop is raised from seed. Seed may be
obtained in bhulk commercial collections or as small research lots; the latter
may be taken from commercial collections or purposely collected for rescarch.
In most commercial collections many parents are represented  although
unfortunately there is still a tendency in some arcas to collect from casily
climbed, accessible trees with poor phenotype and, presumably, frequently
poor genotype. (The OECD source-tdentified category allows this; the category
selected is applicd to sced from stands that are superior to the accepted mean for
the prevailing ccological conditions, Inferior phenotypes must be removed
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from selected stands.) The number of parents represented in small research
lots clearly influences the deductions that can be made from a comparative
trial or the use that can be made of the material for further selective breeding.

The year of sced collection is also important. Annual changes in the
eavironmental factors that influence flowering and seed production cause
different trees 1o be represented as the mule or female parents in different
years. Although little can be done to influence this, the year of collection may
have some effect on the use of the resultant trees for further breeding, The
genctic constitution of a plantation changes with age as thinnings are carried
out.

Classtfication of genetic histories

In a classification of genetic histories (Tuble 1) the main division is between
seed collected in a natural stand (*‘natural provenance”’) and in a plantation
(“*derived provenance™). Even if the plantation is within the natural range of
the species there are sufficient differences between natural or artificial
selection in natural forests and plantations to merit separate discussion.

For both gregarious and non-gregarious species, natural provenances may be
classified dichotomaously by the degree of human interference (Table 14). Both
dysgenic and eugenic treatment may reduce genetic variability, and both of
these may have caused the development of new local races. Similarly a forest
population invading or reinvading a deforested area may develop new genetic
structure,

Seed collected from wrees in a plantation (derived provenance) may be
classificd according to whether or not the provenance of the parents of the
plantation trees is known; the provenance of the parcnts may itself be natural
or derived (Table 14).

Seed collected in natural forests

In the case ol natural provenances (Tuble 1B) the poorest category is the bulked
commercial collection made over a wide arca with imprecise information on
sced source and without any check on the collection, The lowest category to
which an OECD certificate could be applied is the source identified class in which
seeds are collected from representatives of a well defined region of provenance,
The region of provenance is defined as the area or group of arcas subject to
sufficiently uniform ccological conditions on which are found stands showing
similar genetic or phenotypic characters. However, it would be better to
obtain information on a stand basis.

A higher  category would require bulked  collection  from  random
representatives of a well defined stand sullicienty uniform in composition and
arrangement 1o be distinet from adjacent populations. The next category in
the OUCD  system (selected) i the bulked  collection from random
representatives of a selected stand which is superior to the aceepted local
mean. In these three dasses random cheeks should be made on the seed
collection process and on the extraction data. (Ihe OFECH) selected category also
includes seed from untested seed orchards based on superior individual trees
— sce helow))

A turther importart cautegory in this group is the completely supervised
collection of seed from specially selected representatives, usually superior
phenotypes, with the seeds from each parent kept separate. This category is
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oftein termed ‘plus tree seed’ in indigenous forest; it is intended for research
and is not referred to in the OECD scheme for seed certification.
Neverthelesss it would be important to have this information about a seed lot if
further selection were planned in the resultant plantation.

When the genctic superiority of any of these seed lots over some standard has
been proved by properly conducted provenance tests the OECD category
certified (or tested) is applicable.

Seed collected in plantations

If seed is collected in existing plantations there are again several categories
that influence the genetic uniformity and value of resulting plantations (Table
1C). The lowest category, which is frequently used, is seed from small plots
such as arboreta or introduction trials. Here the numbers of trees represented
as male and female parents are low and there is a possibility of deleterious self-
pollination or of unwanted hybridization with other provenances or species,

Seed is commonly coliected in commercial plantations that have received
degrees of silvicultural treatment, hopefully cugenic. These range from
virtually untreated stands (which suffer only local natural sclection) to seed
stands and sced production arcas (which receive heavy silvicultural selection
and special cultural treatment).

The ultimate step in the production of improved seed is the creation of seed
orchards. These may comprise scedlings or vegetative propagules from
superior individual phenotypes and may be untested (QOECD sefect grade) or
tested; (sce Barner, 1972). If found genetically superior to an acceptable
standard sample they are graded certified (or tested). The use of such material
over several generations in a commercial plantation programme may produce
land races (sce de Veechi Pellati, 1969). Seced orchards may be based on
parents with good general combining ability or good specific combining ability
or they may be intended for hybridization between species or provenances,

Few tropical and sul.ropical countries, apart from some in the Pacific,
Mediterrancan and central American regions, will establish major industrial
plantations from indigenous specics. Therefore the developinent of national
seed zone systems may not be urgent. Nevertheless such a system is desirable,
It is absolutely essential that all countries insist on some form of seed source
identification and control for all seeds used, particularly imported sced. Tt is
recommended that control is based on the OECD system.

As all countries progress from sced source experiments to selection of
individual phenotypes and tree breeding, it will become necessary to adopt
more informative categorics than source-tdentified. The indiscriminate use of
seed of allegedly “correct” species and provenance may be dangerous. ‘The
selected and certified categories of the OECID scheme are valuable but more
details of the genctic history of a given sced lot should be obtained; in
particular the provenance (natural or derived) and the potential number of
parent trees must be known.

Abstract

Demands for forest tree seed are continually increasing throughout the world,
Iinprovement programimes have revealed a paucity of information on the
parentage of sced. Seed certification schemes have bheen developed in some
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countries to control the quality of seed and provide some of the required
information. The Organization for Economic Cooperation and Development
has proposed a scheme to  control reproductive  material moving
internationally. This scheme is compatible with the scheme accepted by the
Europcan Economic Community. Various definitions of provenance exist,
However, these definitions and schemes have limitations particularly for tree
improvement  programmes.  This paper draws attention to additional
information required for rational tree improvement. A classification of genetic
histories is tabulated which emphasizes the potential parental differences
between seed  collections made in natural forests and those made in
plantations,

Key words: Provenance, origin, seed source, seed certification, nomenclature, selection, seed
trade,

References

ANON. (1971). Certification of somree-identified Alherta tree seed under the OFCD Scheme,

Northern For. Res. Centre, Canadian For, Serv., Edmonton, Inform. Rept. NOR-X-4,
10p.

ANON. (1973). Cenification of source-identified Canadian tree seed under OECD scheme,
Canad. For. Serv. Publ. 1314, (in press).

BANKS, J.C.G(1908). Tree seed centification. In- Proc, Mug. Aust. For, Res. Wky. Gp. No.
Lo For  Timb. Bwr., Canberra, Hp.

BANKS, L.C.GL(1970) Tree seed certification. Current Awstralian practice. In: Proc. Mug,
Aust. For. Res Wke. Gp. No 1L, Foro Timh, Bur,, Canberra, Appx. 18, 8p.

BARBER, J.C0 (1964), Provenv-testing forest trees for seed certification purposes. {n: 46th Int,
Crop lmpr. Assoc Ann. Repr. 83-87.

BARNER, L (19n4). Basic principles of arigin certification. In: FAO Warld Consultn. For.
Genet., Stockbolin, FAO/FORGEN H4-8/b, tp.

BARNER, 1. (1972). Certilication and chassification of seed orchards. In: Svmposium on seed
orchards in honour of 8. Syvach Larsen, Horsholm, Denmark. For, Tree Impr. 4: 85-99,

CECH, F.C., BARBER, ].C.. and ZOBEL, B.1. (1962). Comments on *“Who wants tree seed
certification and why?™" Jour. For, 60, 208-210.
COMMONWEALTH FORESTRY BURFEAL. (1941). The control of seed origin in lorestry:
miethods adopted i some European countries and the USA. For, Abstr. 2 (4): 271-275.
EMPIRE FORESTRY ASSOCIATION. (1953). British Commonwealth forest terminology.
Part 1. Silviculture, protection, mensuration and management, together with allied subjects,
Empire Forestry Association, London, L63p

EEC. (1966). Directive 667404 of Hth June, 1966, on the marketing of silvicultural propagation
material. European Economi Community . Brussels.

FAO. (1971). Report of the second session of the FAQ pancl of experts on forest gene resources.
Rome, tflp

GEORGIA CROP IMPROVEMENT ASSC YCIATION, (1939), Certification standards for
torest ree seed. Tree Planter’s Notes 35: 3.9

ISAAC, LA (1960). Prablems and proposals tor international certitication of tree seed origin and

staned quality with particular seference o western North. American species, In: Proe, Gth
Warld For. Congr | Seattle: 690-691,.

LARSEN, RUFF (1960). The certificaton of forest tree seedin Britain. 112 Proc. 5th World For.
Congr., Seattle: 708-7 14,

LARSEN, RUTF (1961 The cernlication of forest tree seed in Britain. Proc. Int. Seed Test.
Assn. 20 (3): 1118

MATTHEWS, J.D. (1961). Seed production and seed centification, Unasylvin 18(2/3): 104-118,



164

OECD. (1971). OECD scheme for the control of forest reproductive material moving n
international trade. Organization for Economic Cooperation and Development, Paris, 21p.

PIESCH, R.F. and PHELPS, V.H. (1971). Certification of source-identificd British Columbia
tree seed under the OECD scheme. Pacific For, Res, Centre, Canadian For. Serv., Victoria.
Inform. Rept. BC-X-60, 9p.

RIEGER, R., MICHAELIS A, and GREEN, M.NL (1968). A glossary of genetics and
cytogenetics classical and molecular. G Allen and Unwin, London, 3rd edn., 507p.

ROHMEDER, L. (1960). Problems and proposals for international forest tree seed certification.,
In: Prac. 5th World For. Congr., Seattle: 685-690.

ROYAL BOARD OF PRIVATE FORESTRY OF SWEDEN. (1930). Directions for seed
callecting and trading in forest seed and planes. D, Broberg, Stockholm, 13p.

SAF SEED CERTIFICATION SUBCONMMITTEE. (1961). Society of American Foresters
report on a study of seed certification conducted by the Commttee on Forest Tree
fmprovement. Jour. For. 59: 656-061.

SAF SEED CERTIFICATION SUB CONMITTEE. (19634). The seed we use: Part 1. What
we need e know about it Jour, For, 61 181184,

SAF SEED CERTIFICATION SUBCOMMITTEL. (1963h). The seed we use. Part 2. How to
assure reliable information about it Jour. For, b1 205269,

SCHOENIKE, R.E. (1969, South Carolina handbook of tree seed certitication standards and
standards fur forest trees progeny testing. South Carolina Crap hpr. Assoc., Clemison, 38p.

SOCIETY OF AMERICAN FORESTERS, (19715, Terminology of forest science, technology
practice and products. The multilingual forestey terminology series, No. 1, Washington, DC,
(Ed F.COFORD-ROBERTSON ), 349p.

STERN, K. 1969y Mininan standards Jor provenance testing and progeny testing for
certification purposes. Je Proc. Second World Consultn. For, Tree Breed., Washington. FO-
FUR-69-11715: 1447- 1451

VECHI PELLANTL Fode (1964). Fxolution and imporance of kad vaces in breeding, In: Proc,
Second World Consalin. For, Tree Breed., Washineton, FO-FERB-69-10/5; 1264-1278.

WAKELEY, P eral (1960) Ninimum standards for progeny-testing southern forest trees for
seed-cerutication purposes. Subcommittee an Progeny Testing for Seed Certification
Purposes, Commnttee on Sowhern Forest Tree Linprovement. USDA Southern For. Expt.
St Sponsored Pubhon. 200 20p

WANG, B.S Poand SZIKEAL O (1969). A review of Torest tiee seed certification. For, Chron.
+5: 478385,

WESTERN FOREST TREE SEED COMMUTTEE, (1961). Who wants tree seed certification
and why? Jour. For. 59: 831-832,

WRIGHT, [.W. (1962). Geneties of forest tree improvement. FAQ For. and For. Prod. Studies,
No. 16, 3949p.



Table 1. A stylised classification of genetic history

A. Classification into natural and derived provenances

Provenance (of fruit, seed, pollen, scion or tissue)

Natural provenance
{Natural forest)

(ORIGIN = PROVENANCE)

No human inierference Some human interference
Fores: Forest discontinuous, dysgenic mixed  cugenic
continuous re-invading deforested
in time areas

local race

Derived provenance
(Plantations)

(PROVENANCE)

N

Unknown provenance Known provenance
Nauve Exotic

NB  The entire system or any level of it could be repeated for parentages of 1 parent tree, 2-10
parent trees, or more than 10 parent trees; similarly by vear of collection. Equivalent
terms from the OECD system are given in capital letters in brackets.
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B. Sub-classification of natural provenance

(ORIGIN and PROVENANCE)

Natural provenance

I

Bulked commercial
collection from
wide area
Imprecise
information on
seed source
(Possibly no

check on
collection)

I

Bulked collection
from random repre-
sentatives of a

well defined region
of provenance
(SOURCE-
IDENTIFIED)
(Random checks
made on collec-
tion and
extraction data)

I

Bulked collection
from random repre-
sentatives of a

well defined stand
(Random checks
made on collection
and extraction data)

Untested
(SELECTED)

[

Bulked collection
from random
representatives

of selected
stand(s). (Random
checks made on
collection and
extraction data)

!
Special colic...
from selected or
random represent-
atves or their
propagules, kept
scparate, usually
superior phenotypes
(Completely super-
vised collection)

Provenance tested and found

superior in at least one
environment and for at least

one character

(CERTIFIED)

Precise information on source (location. alitude, climate,
soil, forest type and history)

NB  Information, value and uniformity increase from left to right.
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C. Sub-classification of derived provenance

Derived provenance

(PROVENANCE)

I

Plantations
f 1
Small plot Completels Untreated one or Seed Seed Seed
(arboretum untreated Cxeept are production orchard orchard
or intro- at all for rugenic arca or seed (unireated) {progeny
duction stages puossible silvi- stand tested)
experiment) nurser cultural
culling thinnings
and nursen
culling
untreated  treated clonal seedling clonal seedling

(SELECTED) (CERTIFIED)

T

Repeated use and adaptation of sced trom any of these categories may produce land races

NB  Information, value and uniformity increase from left to right

L91
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Appendix 18

Questionnaire on Multipurpose Tree Germplasm
(Including trees, bushes, palms, bamboos and vines)

Please type your answers to the following questions lor each species used for
multiple purposes in your country. You do not need 1o repeat the entire
question, just show the number or it your reply on to capies of this page if
only one species.
1. Your name and official address.
2. Species Latin name and authority
3. Local common names
4. To your knowledge are there any tixonomic difticulties in this species?
[ N . - - e . . .1 . N N y . e
5. In your commutry what are the approximate limits of the natural
distribution ot the species (huirade, Tongitde and altitude)?
0. Tave any systenaic attempts bheen made o explore and sample the
natural range (for seed, herbarivm materials or other samples)? Iso, by
which organisation?

USES (Answer YES or NO)

7. Unprocessed roundwood, 14, Extractives Yes/No
poles. including vattan. 15, Herbal, medicinal  Yes/No
YesNo 16, Honey Yes/No
8. Sawn nmber Yes/No 17, Silk Yes/No
9. Firewood Yes/No 18, Shehier (shelterbelts, Yes/No
10, Charcoal Yes/Nao windbreaks, shade wrees)
11, Fodder Yes/No 19, Sanl stabilisation, watershed
19 Fruit Ved/No protection Yes/No
3. Pulp and paper Ves/No 20.A Soil improvement Yes/No
2008 Others Specily

PLANTATIONS (Estimate annual plantings in whale country)
21, Pure blocks (hectares)
220 Intercropped lines (mumber of trees)
23, Isolated trees (number of trees)
2t Has any silvicultural research been conducted on this species?
25, Is wree breeding practised with this species?

200 Are plantings established from seed or vegetative propagules?

SEED SUPPLY

27, Approximate number of seeds per kilogram.,
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28.  Approximate annual total weight collected by (a) farmers and other
individuals (b) Government agencies (¢} Commercial collection.

29, Names and addresses of commercial collectors.

30. Docs the current seed supply meet the demand?

31 Are there any problems that need special treatment? (a) sced storage (b)

seed germination

PUBLICATIONS

32, Please listall your publications and reports dealing with any of the above

aspects for this species,

PLEASE RETURN YOUR REPLY TO -

Dr J. Burley

Commonwealth Forestey Institute
South Parks Road

OXFORD
OX1 3RB
ENGLAND

Multipurpose trees identified in 1983 questionnaire

(As far as possible the author has corrected the spelling of specific names as
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A aneura
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. scorfordes

. shirleyi

. stenophylla
A. tortilis

A. victoriae

Acer caestumn
Acer campbelli
Acer oblongum
Acrocomia sclerocarpa
Adina cordifolia
Aesculus indica
Agathis robusta
Atlanthus excelsa
Ailanthus grandis
Albizia falcataria
A. lebbeck

A. lebbeck

A lebbeck

A, marginata

A. procera

2o o

A procera

Alnus jorudlensis

A Jorullensis

A. nepalensis

A, nepalensis

A nitida

Alnus wallichiana
Anacardium occidentale
A, occidentalty

Aniba sp.

Anogeissus latifolia
Anthocephalus cactumba
Arecastrum romanzoffianum
Artocarpus altilis

A. chaplasha

A heterophylius

A heterophylius

A, integer

A, sp.

A sp.

Astrocaryum sp.
Astrocaryum sp.
Atriplex canescens

A. halimus

A, lineariy

A, nummularia
Aucoumnea Kaineana
Azadirachta indica

A, indica

A. indica

A. indica

Arancaria augustifolia
Buctris gasipacs
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B. gaspiaes
Bagassa gulanensis
Bauhinia retusa

B. variegata
Bertholletia excelsa
B. excelsa

Betula cylindrostachys
B. pendula

B. pendula

B. pubescens

B. pubescens
Bombax cetha
Bucklandia populnea
Buddleta cor:acear

B. cortacear
Byrsomima coreacaea
Caesalpinia spinosa
Calliandra calothyrsuy
Callitriy planca
Cuarapa guianensis

C. putanensis
Caryocar spp.
Carvocar sp.

Caryodendron orinocense

Cuaryodendron s p.
Cavva emarginata
Cavsta fistula

C. vamea

C. stamea

C. stamea

C siamea

C. stwrtii
Casuartna cristata
C. eristata

. cnnninghamiana
. drcatsneana

. equisettfolia

. equietifolia

- equiretifolia

- rquisetifolia

- equiselifolia

- equivelifolia

- tlanca

=

DRele)

oo

- Junghubmiana

~lttoraliy

- Aluchmannii
oheva

SNAanS A AAA A~

Lospp.
Crdrela odorata
(. vdorata

C. odorata

Cedrelinga catengefornis

Cetha pentandra
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Celtis australis

Ceratonia siliqua

Chukrasia tabularis

Chrysophyllum caimito
and C. albidum

Chonisis sp.

Cinnamomum cecidodaphne
meissa

Cocos nucifera

Copaifera multijuga

Cordia alliodora

C. allivdora

C. poeldiana

Couepra longipendula

Couma macrocarpa

C. macrocarpa

Coumaronma sp.

Cryptomeria japonica

Cupressus cashmeriana

Dacryordes edulis

Dalbergia stysoo

1), sivssoo

D. sissoo

D. sisswo

D. sissoo

D. lamilloni

D. sikkimensis

D. strictus

D. strictus

Didymopanax morototoni

Dipteryx adorata

Dodonea attenuata

Emblica officinaliy

Lntandrophragma angolense

Lirythrina arborescens
L. indica

L. poeppiviana
LFucalyptus alba

I argopliora
camaldulenyiy

.

camaldulensiy
- camaldulensiy
- cttniodora
~clocziana
~creba

- dreglupta

. drepanophylla
exserla
samophylla
elohuluy

- elobudin

. grandr

o~

. grandry
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. inlerlexta

. maculata

. melanophloia
. melltodora
. mucrotheca
. microtheca
. occidentalls
. ochrophlota
. orgadophila
. pauciflora

. papuana

. rubida

. saligna

. saligna

. stderoxylon
. lerelicornis
. lerelicornis
E. aereticornis

mENNNEED

[ty

(Mysore pum hybrid)

. thozetiana

I urophylla

F. vimmalis

. spp.

Fugenia malaccen«is
. stipitata
Luterpe oleracea
Luterpe spp.
Gliricidia spp.

G. sepium
Cmelina arborea
G. arhorca

G. arborca
Creotllea robusta
Grew'a optiva
Gustavia sp.
Hardwickia hinata
Hevea spp.
Hibiscus tiliaceus
Hymenara coubaril
1. coubaril

Thx paraguariensis
Inga venosa

Inga spp.

Inga sp.
Irvanthera sp.
Sensema sp.
Juglans neotropica
Khaya senegalensiy
Khaya ivorensis

Lagerstraemia flostoginac

Lecythis spp.

Leucarna leucocephala

L. lencocephala
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Leucaeaa leucocephala

L. leucocephala

L. leucocephala

L. leucocephala

L. leucocephala

L. leucocephala

Liquidambar styracifiua

Litsaca polyantha

Machilus edulis

Mammea americana

Mangifera indica

M. indica

M. indica

Manilkara bidentata

M. huberi

Manilkara sp.

Mauritia sp.

Mauritia flexuosa

Melaleuca glomerata

Melaleuca lastandra

Melia azadirachta

Melicoccus bijugatuy

M. scabrella

AMimosa scabrella

Modhuca longifolia

Mortnga oleifera

M. oletfera

Morus alba

M. alha

Myrciaria paraensis

Nauclea diderrichiy

Ochroma sp.

Opunlia _ficus tdica

Orbignya sp.

Ormosta sp.

Pachira aguatica

Peltophorum dasyrachis

Phylianthus emblica

Pinus caribaca

P. cartbaca

P. caribaea

P. caribaea

P. cartbaea var.
hondurensiy

P. cldarica

L. vocarpa

P occidentaliy

P patula

P radiata

P radiata

P roxburghit

P. wallichiana

Prthecellobium dulce
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Platonia insignis
Podocarpus  lambertit
Polylepsis racemosa
Pongamia pinnata
Populus ciliata
Poragueiba sp.
Prosoprs chilensis
P. cineraria

P. cineraria

P. uliflora

P. juliflora

P. juliflora

P. juliflora

P. pallida
P.ospp.

Prunus nepalensis
Prerocarpus indicus
P. santalinus
Quercus dilatata

Q. leucotricephora
Q. petraca

Q. robur

Q. senucarpifolia
Riuzophora racemosa
Rhezophora sp.
Robinia psendoacacia
R. pseudoacacia
Salix capraca

S, anerea

Sulrx sp.

Samanea saman

S, saman
Santalum album
Schima wallichii
Schinus molle

Schizolobium amazonicum

Schizolobium parabyha
Seshania grandiflora
S, grandiflora

Shorea robusta

S, robusta

Shorea spp.
Stmarouba sp.
Spindus mukurossii
Spondia sp.

Spondiay dules

S, Intea

S mombin

Spondias sp.

Sweetia brachystachya
Swetenia macrophylla
S. macrophylla

S. wmahogani
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Syzygium jambolanum
S. cumini
Tamarindus indica
Tectona grandiy

1. grandis

1. grandis
Termunalia arjuna

)

. crenulata

\ chebula

. tvorensis

. lvorensis

. myriocarpa

. superba

. superba

T tomentosa
Tetragostris sp.
Theobroma grandifolia
Thyrsostachys siamensis
Toona ciliata

1. cliata

T. serrata

1. serrata

Treculia africana
Triptochiton scleroxylon
T scleroxylon
Tristania conferta
Virola spp.

Visnua sp.

Ziziphus mauritiana
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