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Introduction 1

1 Introduction

1.1 Leucaena = Leucaena leucocephala?

Most foresters and agronomists who work in the tropics
will, at some point, have set eyes on a Leucaena tree. In
the majority of cases they will have observed a tree of
one of a handful of genetically uniform varieties of one
species, Leucaena leucocephala. It is a ubiquitous, small,
seedy tree that occurs in most tropical countries. Whether
that tree is viewed as a valuable asset providing basic
products to smallholder farmers, as a salvation for
sloping lands, as the ‘alfalfa of the tropics’ to
commercial beef producers, or cursed as an undesirable
alien weed depends on the perspective of the observer.
Leucaena means different things to foresters,
agronomists, pasture production scientists, veterinarians,
botanists, ecologists and conservation biologists.
However, for almost all, Leucaena means Leucaena
leucocephala. Apart from those who live in the native
home of Leucaena in Mexico and Central America and
a small number of specialists, few are fully aware of the
diversity of species which exists within Leucaena. There
are 22 recognised species. They span 40 degrees of
latitude and 2500m in altitude and grow under varied
climatic and soil conditions. They have diverse sizes, tree
forms, growth rates, site adaptabilities, phenologies, wood
and leaf qualities and weedy attributes. They are highly
crossable and form hybrids with ease. Several show high
levels of within species diversity. All this diversity has
remained poorly known and, until recently, largely
untapped. The aim of this Handbook is to document what
is known about diversity within Leucaena and present it
as a whole to a wider audience.

The overwhelming early focus on L. leucocephala was
perhaps not surprising - in many respects it is an
extremely useful and adaptable tree. It can provide a
multiplicity of basic products and services including
tirewood and poles, livestock fodder and green manure,
food from leaves, pods and seeds, as well as shade and
soil conservation. It can produce exceptional wood and
fodder yields on some sites and may be cultivated and
managed in diverse agricultural, agroforestry and forestry
systems. Multiple uses, fast growth, ease of propagation
and management, and exceptional fodder quality, have
been key factors promoting its adoption. These
characteristics combined with abundantly available seed
led to promotion of L. leucocephala by national and
international development agencies and its widespread
use in tropical reforestation. At the peak of its popularity,
in the late 1970s and early 1980s it was heralded by
some as a ‘miracle tree* and was the focus of several
books, reviews, a comprehensive bibliography, national
and international workshops, videos and a dedicated
journal - Leucaena Research Reports.

The myth of the ‘miracle tree* was brought sharply and
starkly into focus with the spread of the psyllid
defoliator, Heteropsylla cubana, across Asia between
1984 and 19389, and into Africa in 1992. In many parts
of Asia the destruction of L. leucocephala by the psyllid
was a disaster for livestock production and hindered
progress on broader soil conservation and land
rehabilitation programmes. No other single factor has
halted promotion and use of L. leucocephala and
prompted the search for new diversity and alternatives
with such urgency as the psyllid. With extended use, a
number of other limitations of L. leucocephala have
become apparent including lack of cold and drought
tolerance and poor growth on acid soils, weediness, low
wood durability and poor seedling vigour hindering
establishment.

Unfortunately, the great diversity of users and uses of
Leucaena has not been matched by diversity of the
material planted. The limitations associated with blanket
planting of L. leucocephala are in part attributable to the
exceptionally narrow genetic base of the material used in
cultivation. Early and abundant production of seed
through self pollination, giving true bred material, was
crucial to the spread and universal adoption of L.
leucocephala. However, it also meant that seed was
spread extremely easily from country-to-country, region-
to-region, organisation-to-organisation, and farmer-to-
farmer, resulting in wide use of, and reliance on, an
extremely narrow genetic base. Within three decades,
since the release and promotion of the ‘Giant® or
‘Salvador' varieties of L. leucocephala from Hawaii,
one or a lew self pollinated varieties have become
dominant across the tropics despite repeated reminders of
their genetic vulnerability. The most widely cultivated
variety, K8. represents largely selted progeny of material
originally collected tfrom one or a few cultivated trees in
the central Mexican State of Zacatecas.

Initial, often casual introduction of narrowly based
genetic material of forestry plantation species is not
unusual. Subsequent improvement is usually achieved by
seeking, collecting, evaluating, selecting and using
genetic  diversity  within  species through traditional
provenance studies and later selection and breeding
programmes. Research on closely related species has in
general been of lower priority. Such an approach has
been the norm throughout the OFI programme on Central
American forest genetic resources of species such as
Pinus caribaea, Cordia alliodora and Gliricidia sepium
and considerable genetic gains have been achieved in this
way. Leucaena improvement has followed a similar
approach. Three subspecies, each with very different
characteristics have been recognized within L.
leucocephala providing the basis for substantial genetic
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improvement. Limited variation amongst accessions of L.
leucocephala subsp. glabrata has also been identified and
is now the basis for development of new intervarietal
hybrids. However, it is clear that there is even greater
scope to improve Leucaena using species other than L.
leucocephala particularly through use of interspecific
hybrids. These lesser-known species are without doubt
the most important source of new diversity.

While the pantropical cultivation and use of L.
leucocephala for wood and leaf products is well known
and amply documented, the indigenous use of Leucaena
as a minor food plant in Mexico and Central America,
although documented in many ethnobotanical studies, has
been less widely studied and appreciated. In its native
home, use of Leucaena has concentrated not on the
familiar leat and wood products, but on the unripe pods
and seeds which are used as a minor food for human
consumption (Chapter 4). In sharp contrast to the lack of
diversity used in routine commercial exotic plantings,
indigenous use has relied on, harnessed, and indeed
fostered, diversity through a complex process of incipient
domestication that has involved at least 13 species. It is
not uncommon to find two, three, or sometimes four
species of Leucaena cultivated in a single orchard in
south central Mexico. Diversity is valued to promote year
round production of pods and improve access to a wider
range of pod types. Until recently, the full extent,
importance and implications of indigenous domestication
have not been realized, particularly by Leucaena growers
and breeders elsewhere. Indigenous domestication has
spawned an abundance of spontaneous hybrids.
Spontaneous hybridization in a pre-Columbian Leucaena
orchard in Mexico provides the most likely explanation
for the origin of L. leucocephala and possibly other
tetraploid species. Indigenous use has also been crucial
tor the conservation of Leucaena genetic resources.
Despite large scale clearance of the majority of natural
populations, many species remain abundant as a result of
_ indigenous use. In the absence of adequate in or ex situ
measures, conservation has relied on farming
communities in Mexico and Central America who have
been, and continue to be, the primary custodians of
Leucaena genetic resources. An important objective of
this Handbook is to point out and describe in detail how
indigenous use and domestication have crucially
influenced the recent evolution of Leucaena (Chapters 4
and 5) and in large part secured the conservation of its
genetic resources (Chapter 8), and why this is important
for Leucaena growers and breeders elsewhere.

1.2 Building foundations: taxonomy and
genetic resources

Taxonomy provides the foundations for all efforts to
conserve, utilize and improve economically important
plant genetic resources. In an ideal world taxonomic
research to discover, delimit and describe species,

understand their relationships and map their distributions
should precede efforts to assemble seed collections. In
practice this is never the case. The two proceed hand-in-
hand. Field exploration and seed collection expeditions
provide insights into taxonomy and material for
taxonomic research, which subsequently suggests how
collection strategies might be refined, or what new
collections of previously unknown or poorly known
species are needed. This has been very much the case for
Leucaena.

Systematic exploration and collection of Leucaena started
in 1961. By the early 1980s two large seed collections of
Leucaena had already been assembled, by the University
of Hawaii and CSIRO in Australia, and new seed
collections were contemplated. At the same time a
substantial programme of applied research was underway
to investigate the agronomy, silviculture, artificial
crossability, Rhizobium aftinities, cytology, fodder quality
and site adaptability of species of Leucaena. In spite of
this intense applied research activity and ever expanding
promotion of Leucaena planting, basic taxonomic
knowledge remained lacking. There was no up-to-date
taxonomic revision of the genus, new species were being
discovered, old neglected species rediscovered, and the
origin of the most widely cultivated species L.
leucocephala remained unknown. In short, it was clear
that the utilization, breeding and conservation of
Leucaena genetic resources were resting on shaky
foundations.

The last decade has seen a period of intense research
activity to investigate diversity in Leucaena. Intensive
field exploration, collection of seed and botanical
specimens, and ethnobotanical survey have been carried
out in the natural populations of Leucaena throughout its
range in 11 countries in Latin America. Molecular
techniques have been applied for the first time to
examine species relationships, the origins of tetraploid
species and hybrids, and patterns of genetic diversity
within species. A botanical database of Leucaena
containing data on 2800 herbarium specimens has been
built. Taxonomic research to delimit species, analyze
their relationships and resolve synonymy has been
completed and compiled as a new taxonomic monograph
of the genus. Spontancous hybrids have been analyzed
and identified and new species and subspecies
discovered, described and named. Progress has been
made to understand the origins of three of the four
economically important tetraploid species. The
conservation status of Leucaena species has been
assessed systematically for the first time. Comprehensive
new seed collections (comprising more than 1000
seedlots) including all taxa and bulk provenance and
individual family collections have been assembled. In
short, our knowledge of the genus, its systematics and
genetic rcsources has  been transformed; shaky
foundations have been reinforced and it is timely to draw
together this accumulation of new findings.
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1.3 Scope and objectives of the Handbook

This Handbook was originally conceived as a means of
communicating and disseminating more widely and
etfectively, the results from the substantial programme of
research on the systematics and genetic resources of
Leucaena carried out by OFI over the last decade. An
interim draft version was circulated as an unpublished
report entitled Leucaena genetic resources: the OFI seed
collections and a synopsis of species characteristics in
1993. That precursor has now been substantially
expanded and upgraded throughout to produce the current
Handbook. In particular, the 1993 draft has been updated
to conform with the revised taxonomy presented in the
new taxonomic monograph (Hughes, in press - due
1998). Alongside simply presenting results of the OFI
work, the Handbook attempts to assemble, synthesize and
present other data from previous research on all aspects
of Leucaena genetic resources into a single, readily
accessible source book for all those concerned with their
cultivation, utilization, improvement and conservation.

The title - A Genetic Resources Handbook - may suggest
to many a book concerned primarily with the cultivation
and domestication of species of Leucaena used as
exotics. This is not the case. It is as much directed
towards forestry, conservation and wider rural
development agencies, seed banks and others in Central
America and Mexico seeking to promote the sustainable
use and conservation of Leucaena in situ, as those who
are planting, improving and hybridizing species of
Leucaena elsewhere. All etforts to conserve, utilize and
domesticate plant species, whether as natives or exotics,
rely on the ability to identify species, and the sort of
basic knowledge of taxonomy, species distributions,
hybridization, and patterns of genetic diversity, which are
the focus of this Handbook. Chapters on ethnobotany,
indigenous domestication and conservation focus
specifically on Mexico and Central America. It is
published in both Spanish and English in recognition of
this dual role.

Much of the original justification for research on the
genetic resources of Leucaena was based on the
perceived need for new genetic material to overcome the
known limitations associated with widespread cultivation
of L. leucocephala. The rationale has been that other
species or hybrids could be found and introduced to
replace or complement L. leucocephala or extend use of
Leucaena to a wider range of sites. There have been
repeated calls over the last few years for use of greater
genetic diversity in Leucaena plantings to reduce risks.
Much has been achieved towards this goal. This
Handbook describes that diversity and underpins that
view. However, this research has been undertaken at a
time of changing perspectives on the role of exotic
species  particularly in non industrial forestry and
agroforestry, of growing concerns about the risks
associated with new species introductions, and growing
emphasis on use of native species. It is not the intention
of this handbook to promote indiscriminate

introductions of new species or hybrids. The
‘Common" shrubby L. leucocephala subsp. leucocephala
has become a well known weed of open habitats in more
than 20 countries scattered across all continents except
Europe and Antarctica (Section 3.9). Several other
species of Leucaena also show weedy attributes and most
should be considered ‘conflict species® and regarded
with caution when considering introductions. The
introduction of any alien species t0 a new area requires
careful consideration of potential benefits and risks in
relation to local conditions. Assessment of benefits and
risks depends on accurate knowledge of species
characteristics. This Handbook provides a tool to those
attempting to reduce ill considered and unnecessary
introductions through more careful assessment of their
merits and potential hazards.

It is also important at this point to make it clear what
this publication is not. Firstly, it is not the aim of this
Handbook to provide a comprehensive review of data on
the agronomy, silviculture, management, end use
characteristics or utilization of Leucaena species. Only a
preliminary summary of information on species
characteristics is provided (Chapter 3). A full and
detailed review of these topics is beyond the scope of
this Handbook. It would anyway be premature because
the summary presented is no more than an appetizer to
the rich feast of data, so far largely unpublished, that will
be forthcoming shortly from current research being
undertaken (o evaluate and characterize species in field
trials and laboratory analyses. For example many
important new data on environmental adaptation, forage
quality and animal production of different species of
Leucaena are presented in the forthcoming proceedings
of a Leucaena workshop held in Hanoi, Vietnam in
February 1998. Inevitably the Handbook therefore
combines durable facts with ‘facts® which are changing
annually as new research results emerge. I would hope
that a complementary volume on the evaluation, genetic
improvement and utilization of Leucaena genetic
resources might be compiled by those working within the
International Leucaena Research and Development
Network (LEUCNET) as more complete and accurate
data are digested and analyzed. This Handbook provides
the essential foundations for such efforts.

Secondly, this Handbook is not a Manual of procedures
for how to grow Leucaena, how to establish a trial, or
how to select a species or provenance for planting. There
are many such manuals, both general, and specific to
Leucaena, covering nursery procedures, silviculture and
agronomy, for both wood and fodder production, and for
trial establishment and analysis. The only parts which
resemble a Manual of ‘how-t0* procedures are those of
immediate relevance to genetic resources, on Species
identification and seed handling. Chapter 10 provides a
set of tools to enable readers to accurately identify
species of Leucaena. Basic information on seed
collection, predation, handling, storage, germination and
inoculation is presented in Chapter 7.
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Finally, this Hundbook is not a taxonomic monograph.
A new taxonomic monograph of Leucaena has recently
been completed (Hughes, in press - due 1998). The
taxonomy used here follows that monograph. In addition,
a botanical database - the BRAHMS Leucaena
Monograph - has also been compiled. This is a botanical
specimen database which includes data on more than
2800 specimens lodged in 26 herbaria. Detailed field
notes, common names, phenology and wild/cultivated
codes, and duplicate records are included and the
majority of specimens (2393) have accurate geographical
data (Lat/Long). Full nomenclatural data including name
status (accepted, basionym, heterotypic synonym,
excluded etc.), synonymy and protologues are included in
the database. Type collections are linked to names.
Associated research material (nodules, wood, photos,
bruchids, seed, dried leaves etc.) is cited. Copies of this
database are available from the author.

As already noted, there are many different users of
Leucaena genetic resources. They often occupy different
and in many ways very separate worlds and use their
own technical jargon. For example crop breeders working
on forage improvement refer to accessions, lines,
composites, and improved varieties or cultivars, while
tree breeders talk about provenances, families, bulk
seedlots, and progeny trials. My background is in forestry
and botany, but I have attempted to make this Handbook
relevant and understandable to all with an interest in
Leucaena.

There are two main ways to access information in the
Handbook. Species accounts arranged alphabetically
provide summaries of species data and characteristics,
along with botanical drawings and distribution maps
(Chapter 11). The remaining chapters are generic by
topic - systematics, ethnobotany, hybrids, conservation,
etc. Each chapter stands alone for those who care to dip
in in this way. For those who want an even shallower
dip, summary boxes of salient points are included in each
chapter. For those who explore the Handbook more
thoroughly, 1 hope they will excuse the inevitable
duplication that this attempt to improve accessibility
entails. Less immediately palatable data on species
names, OFI seed collection passport data and seed
distribution are consigned to Appendices for reterence.
An index to scientific names is also provided.

1.4 Future priorities

The genetic resources of species of Leucaena have now
been as thoroughly explored, collected and documented
as for any tropical woody genus. The applied work
currently underway to evaluate and characterize species
and within species diversity in field trials and laboratory
analyses, much of it carried out under the umbrella of the
LEUCNET research network will add to and further
consolidate this knowledge base. Although our
understanding of species diversity in Leucaena is now
more complete, there remains a great dearth of data on

patterns and levels of diversity and geneflow within and
between populations within species (Section 6.4). New
research to assess the effects of habitat fragmentation and
domestication on patterns of diversity and geneflow is
needed to underpin effective conservation and
improvement strategies. However, the main challenge
now is to work out ways to use this diversity. A number
of issues, so far somewhat neglected by Leucaenu
growers and breeders, but which are likely to dictate the
agenda for future use and improvement, are briefly
highlighted here.

Optimal use of Leucaena genetic resources in forestry
and farming systems will depend as much on clear
understanding and recognition of the socio-economic and
environmental contexts as on technical or biological
advances. As noted earlier, Leucaena is used for different
products, in different agroforestry and farming systems,
under widely varying socio-economic conditions. The
socio-economic imperatives for large scale commercial
beef production farmers in northern Australia are very
different to those of small scale, smallholder subsistence
farmers in the middle hills of Nepal. The socio-economic
context dictates which products are used, what product
qualities are desired, what farming systems with which
crop and livestock combinations and hence ‘associative
traits* of trees are involved, what breeding objectives are
appropriate, what dissemination pathways are in place for
uptake of new germplasm, what levels of diversity are
appropriate and acceptable to provide adequate security,
and, in large part, whether Leucaena is perceived as a
weed or an asset.

Hybrids, both spontaneous and artificial are extremely
important in Leucaena (Chapter 5). Further research is
needed to perfect technologies to design and produce
high yielding, high quality, psyllid-resistant Leucaena
hybrids. Nevertheless, the potential to do so is within our
grasp given modest investment in research. High
interspecific ~ crossability, diversity of useful
characteristics amongst species and relative ease of
artificial hybridization, mean that new hybrids can be
designed and created virtually at will to meet specified
criteria. However, it will not be enough to breed high
yielding, psyllid-resistant varieties or hybrids which
produce high quality products. Effective mechanisms for
their multiplication,  dissemination, maintenance,
development, or control may not be in place. For
example, sterile, or near sterile triploid hybrids offer
particular potential being highly productive and
environmentally benign, but could be unattractive to
smallholder farmers by simply creating inequitable and
unsustainable dependencies on outside seed suppliers, in
the absence of locally available and appropriate
propagation technologies. Any new germplasm which is
released must also be shown to be environmentally
benign and designed to provide longterm security to
farmers and growers. Risks of weediness and the need
for security in relation to pests and diseases are key
considerations. The narrow genetic base of the widely
planted varieties of L. leucocephala is a recurrent theme
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throughout this Handbook. There can be no justification
for new releases which perpetuate this flawed and
genetically risky approach. Maintenance of diversity
(species and intraspecific) is an essential part of the
adaptive strategy of resource poor farmers to cope with
heterogenous and uncertain ecological and socio-
economic environments. Domestication is discussed in
Chapter 9.

It is also the intention of this Handbook that the critical
interdependencies between domestication of Leucaena as
an exotic and its indigenous use, domestication and
conservation, discussed in detail in later chapters, are
more tully appreciated and recognized. The critical role
played by farmers and rural communities in Mexico and
Central America who have been and continue to be, not
only the primary custodians of the genetic resources of
Leucaena, but also important architects of Leucaena
diversity through indigenous domestication, is rarely
appreciated or acknowledged by the majority of
Leucaena growers and breeders across the tropics.
Genetic material from the natural populations in Latin
America has, so far, been freely available to all
throughout the tropics. Seed recipients have been able to
obtain material without having to concern themselves
with the political, financial and administrative
inconvenience of seeking access to genetic resources
from the natural populations. Nor have they had to
consider the possibility of sharing benefits, however
modest, derived from those genetic resources with those
who provided, domesticated and conserved them. Future
success in maintaining unrestricted exchange of Leucaena
genetic resources is likely to depend on the formation of
partnerships  between providers (farmers, rural
communities, conservation agencies, rural development
agencies and governments in the countries of origin) and
users (growers, seed producers and breeders) which

clearly recognize the principle of fair and equitable
sharing of benefits. "As with plant genetic resources
more generally, and as recognized by the Convention on
Biological Diversity, more substantive recognition of the
rights of those whose efforts have helped to maintain and
create forest genetic diversity may be a prerequisite to
maintaining it” (Kanowski and Boshier, 1997: 218).

Some have questioned whether interest and confidence in
Leucaena will recover from the destruction of L.
leucocephala by the psyllid. There is no doubt that there
is ample diversity within Leucaena and technologies
available, or being developed, to harness that diversity,
particularly through hybridization, to restore Leucaena as
one of the most useful and popular agroforestry trees. It
is also technically feasible to ensure that improved
genetic material provides greater farmer security and is
environmentally safe. However, the low status historically
afforded to this (largely) non-food crop, of primary
interest to the rural poor of the tropics, means that much
of the onus for research and development of Leucaena
has fallen on, and continues to rest with, a small number
of individual scientists in a handful of often poorly
resourced institutions. The formation of LEUCNET in
1994 is welcome and offers excellent prospective benefits
for the successful restoration of Leucaena. However, this
outcome remains elusive. Just how effective LEUCNET
will be in marshalling resources, coordinating strategies
and sustaining research and development effort remains
to be seen. Without doubt the challenge for LEUCNET
will be to embrace the full diversity of interests in
Leucaena genetic resources to create truly collaborative,
integrated programmes of mutual benefit. It will also
need to tace up to the full complexity of issues,
particularly socio-economic and environmental, which
will constrain genetic development and improvement of
Leucaena in the future.
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2  Systematics

2.1 The scope of systematic studies

The terms systematics and taxonomy are often used
interchangeably to refer to the science of discovery,
description, comparative biology and classification of
species. Any systematic study comprises several
components. Firstly, it involves the delimitation and
description of species in answer to the basic question -
what species are there in the study group? Species
description precedes comparative study of morphological
and molecular variation to analyze species relationships.
A scheme of relationships, presented as a hierarchical
branching diagram is used to construct a classification.
Most analyses of relationships among taxa rely on
cladistic methods, sometimes referred to as phylogenetic
systematics. Cladistics is an objective and maximally
informative systematic discovery procedure which reveals
hierarchical order in character data. This allows natural
(or monophyletic) groups supported by the maximum
number of shared characters (synapomorphies) to be
identified and recognized in classifications. The product
of a systematic study is a classification presented in an
efficiently retrievable form, such as a taxonomic account,
monograph or biodiversity database. Taxonomic accounts
tell us about the organization and history of diversity,
providing data on what species there are, where these
species occur, what characteristics and properties they
have and how are they related. For economically
important plant groups, such as Leucaena, clear
knowledge and documentation of species diversity directs
both the search for close relatives of widely planted
species which are the source of new genetic diversity,
and the setting of priorities for conservation. On a more
prosaic level, classifications provide the scientific names
that are the universal language for communication
amongst agronomists, foresters, agroforesters, crop and
tree breeders, natural resource managers, conservation
biologists and ecologists, as well as the basis for
developing identification tools. Systematics thus provides
important foundations for all efforts to conserve, utilize
and improve plant genetic resources.

Recent systematic study of Leucaena has involved: (i)
investigation of generic relationships to establish whether
Leucaena forms a natural group (Luckow, 1997; Hughes,
in press); (ii) delimitation of species and their description
to determine what species there are in the genus
(Brewbaker, 1987a; Zarate, 1984a; 1987a; 1987b; 1994;
Hughes, 1986; 1988; 1991; 1997a; Hughes and Harris
1994; in press); (iii) analysis of morphological (Hughes,
in press) and molecular (Harris et al., 1994a, 1994b)
variation observed amongst species using cladistic
methods, to provide a hypothesis of species relationships;
(iv) the assembly of a new taxonomic monograph
(Hughes, in press) which synthesizes (i)-(iii) and presents
a taxonomic account including descriptions, keys, maps

and drawings.

One of the principal aims of this Handbook is to clarify
the taxonomy of what has often appeared to be a
confusing group. To facilitate this it includes: this
Chapter which discusses the results of recent taxonomic
research; Chapter 10 on how to identify Leucaena species
and hybrids including keys, spot characters and
illustrations; descriptions and botanical drawings of all
taxa and further notes on taxonomy under individual
species accounts in Chapter 11; and updated
identifications of all the OFI Leucaena seedlots listed in
Appendix 2.

2.2 The genus Leucaena and its close
relatives

A clear understanding of generic relationships is
important to determine whether the genus Leucaena, as
currently understood, forms a natural (monophyletic)
group. If so, what are the shared attributes which
characterize that group and hence allow Leucaena to be
distinguished from closely related genera? Knowing
where Leucaena fits into the bigger tree of life and hence
what are its close relatives, may also indicate other
genera with similar attributes to Leucaena. In other
words, do species from closely related genera have
similar potential uses? Are they also fast growing trees?
Do their leaves also contain mimosine? Are they also
attacked by psyllids? Analysis of generic relationships
may thus provide pointers for new exploration and testing
of species of Gagnebina or Alantsilodendron in
Madagascar, Dichrostachys in Africa or Schleinitzia in
the Pacific which might be used locally in similar ways
to Leucaena. Finally, a clearer understanding of which
are the closely related genera is needed in order to
understand  species relationships within Leucaena,
providing the broader, higher level picture of character
variation that will indicate the root for the network of
species relationships (Fig 3).

Leucaena 1s placed in the tribe Mimoseae of the
subfamily Mimosoideae of the family Leguminosae. At
the time of Bentham’s 1846 treatment it included another
genus Schleinitzia, a genus whose species have been
variously ascribed to Leucaena, Piptadenia and Prosopis,
but which was judged to have closest affinities to
Leucaena (Verdcourt, 1977; 1979; Nevling and Niezgoda,
1978; Lewis and Elias, 1981).

Within the Mimoseae, Lewis and Elias (1981) placed
Leucaena with Schleinitzia in the informal ‘Leucaena
group”.
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Within the confines of this group Schleinitzia is readily
distinguished from Leucaena by presence of small
stipitate anther glands and its indehiscent (opening only
along the margins), often winged, pods. However, more
recent studies by Luckow (1993; 19954) and Hughes (in
press) indicate that Schleinitzia is more closely related to
Desmanthus than to Leucaena. Desmanthus was placed
by Lewis and Elias (1981) in the related ‘Dichrostachys
group' comprising the genera Dichrostachys,
Desmanthus, Neptunia and Gagnebina. This casts doubt
on the informal groupings made by Lewis and Elias
(1981) and suggests that Schleinitzia may not, after all,
be the closest relative of Leucaena.

Even in the short time since the study of Lewis and
Elias, three new genera, Calliandropsis (Hernandez and
Guinet, 1990), Alantsilodendron (Villiers, 1994) and
Kanaloa (Lorence and Wood, 1994) (Table 1), with
affinities to the Leucaena and Dichrostachys groups have
been discovered and named, indicating just how
rudimentary our knowledge of these groups remains.

What is clear is that the close relatives of Leucaena do
at least lie amongst the genera listed in Table 1. A new
cladistic analysis of morphological data (Hughes, in
press) narrows down the possible schemes of
relationships amongst these genera to two hypotheses
(Fig 1) which provide equally informative explanations
of the currently available morphological data. When this
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wider range of genera is considered, the analysis
confirms the status of Leucaena as a distinct genus
supported by two shared attributes, pollen surface
smooth, finely perforate, lacking ornamentation, and
hairy anthers (Fig 1) (Hughes, in press). Given that no
other genus of Mimosoid legumes has flowers with hairy
anthers, this second character can be useful to distinguish
Leucaena from other genera (Chapter 10). Hairy anthers
can be observed on open flower heads with the naked
eye or with a simple x10 hand lens. Assuming the plant
in question belongs to the Mimosoideae, if its anthers are
hairy then it is definitely a Leucaena. However, three
species of Leucaena, L. pulverulenta, L. retusa and L.
greggii lack hairs on their anthers.

The generic boundaries of Leucaena were also questioned
by Britton and Rose (1928) who described two segregate
genera Ryncholeucaena and Caudoleucaena, each with a
single species, L. greggii and L. retusa respectively.
Ryncholeucaena was distinguished by its narrow linear
pods and longitudinal seed alignment and Caudoleucaena
by its long pointed floral bracts, narrow linear pods and
oblique seed alignment. These two species also share
several other unusual characters including long
inflorescence stalks and yellow flowers. While all
subsequent authors have treated these segregate genera as
falling within Leucaena (Brewbaker, 1987a; Harris et al.,
1994a; Zarate, 1994), some have recognized their unusual
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Generic Relationships of Leucaena

Figure 1 Two solutions depicting alternative schemes of generic relationships

(from Hughes, in press)

Parkia Parkia
Xylia Xylia
Kanaloa Kanaloa
Gagnebina Gagnebina
L Dichrostachys Dichrostachys
Alantsilodendron Alantsilodendron
Calliandropsis Calliandropsis
Leucaena Leucaena
Schleinitzia Schleinitzia
Desmanthus Desmanthus
Neptunia Neptunia

Table 1 Genera of the informal Leucaena and Dichrostachys group.

Informal Group  Genus Number of species and distribution
(Lewis and
Elias, 1981)
Gagnebina 4-5 spp. Madagascar, Mascarene and Comoros Islands
Dichrostachys Approx. 12 spp. Madagascar, NE Africa, 1 sp.
pantropical, 1 sp. Australia
Dichrostachys )
Group Desmanthus About 24 spp. New World, USA to Argentina (Luckow
(1993)
Neptunia 11 spp. Pantropical, mainly tropical America and
Australia
Leucaena 22 spp. New World from Texas to Peru
Leucaena
Group Schleinitzia 3-4 spp. W Pacific basin (New Guinea, Melanesia,

Micronesia and Polynesia)

Named since
Lewis and Elias
(1981)

Calliandropsis
Alantsilodendron

Kanaloa

1 species, endemic to central Mexico
8 spp., endemic to Madagascar

1 species, endemic to Kaho’olawe Island, Hawaii
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characteristics and emphasized their possible close
relationship to each other. Recent analyses of
morphological (Hughes, in press) and molecular (Harris
et al., 1994a) data support inclusion of L. retusa and L.
greggii, as closely related species within Leucaena.

2.3 Species delimitation

The genus Leucaena was established by Bentham (1842)
with four species: L. glauca, L. pulverulenta, L.
diversifolia and L. trichodes, all previously placed in
Acacia. Following Bentham’s later recognition of six
(Bentham, 1846), then nine species (Bentham, 1875),
four botanists, each with a different approach to species
delimitation, Nathaniel Britton and Joseph Rose, James
Brewbaker and Sergio Zérate, have figured prominently
in the classification of Leucaena. The number of species
recognized has varied from ten to 39.

After Bentham’s (1875) revision, field exploration over
the next 50 years, principally by the prolific plant
collectors Edward Palmer, Cyrus Pringle, Joseph Rose
and Karl Purpus, led to the description of many supposed
new species and culminated in the revisions of Standley
(1922), who recognized 15 species and Britton and Rose
(1928), who alone added 24 species, bringing the total to
39, Britton and Rose (1928) based their delimitation of
species on characters that are now viewed as unreliable,
either because they present continuous patterns of
variation across species (e.g. leaf, leaflet and pod
dimensions) and are therefore not amenable to anything
but arbitrary division, or because they vary within
populations that are otherwise constant (e.g. leaf and pod
pubescence). In the absence of rangewide sampling, they
failed to detect the continuities and population variation
that are now obvious. The result was a proliferation of
supposed new species.

James Brewbaker and colleagues at the University of
Hawaii made the first attempt to rationalize this
proliferation of species. Their knowledge of Leucaena
was gained from several seed collection expeditions and
their work on genetic improvement of Leucaena species
through hybridization from the 1960s onwards. They
adopted an approach to species delimitation, based on
observation of material in cultivation in Hawaii and on
crossability, and reduced the number of species
recognized initially to ten (Brewbaker and Ito, 1980),
with gradual reacceptance of additional species to 16 as
they were added to the Hawaii collection (Brewbaker,
1987a; 1987b; Brewbaker and Sorensson, 1994). The
criteria used by Brewbaker and colleagues to delimit
species (Brewbaker et al., 1972, Brewbaker and Ito,
1980; Brewbaker, 1987a; Brewbaker and Sorensson,
1994) were never explicitly stated and no formal
taxonomic account was produced. What is clear however,
is that Brewbaker maintained a sceptical view of the
validity of any species until he had collected material of
it himself and observed its progeny in cultivation in the
Waimanalo arboretum in Hawaii. Additional species were
acknowledged only with some reluctance during the 20

years after his initial acceptance of ten.

Sergio Zarate of the Universidad Nacional Auténoma de
México, worked on Leucaena initially for the Flora of
Oaxaca, later collecting more widely with the Australian
forage germplasm collector Bob Reid. From the 1970s
onwards, he has continued to investigate the taxonomy,
ethnobotany and indigenous domestication of the
Mexican species of Leucaena as minor food plants
(Zarate, 1982; 1984a; 1984b; 1987a; 1997), work which
culminated in publication of a revision of the Mexican
species (Zarate, 1994). This revision included two new
species, four new subspecies and five new combinations,
four of them based on species recognized by Britton and
Rose. Zdrate’s approach to species delimitation relied on
extensive use of subspecies. Zdrate (1994) justified this
by the frequent occurrence of interspecific hybridization
in Leucaena, and the unusual "abundance of incipient
allopatric speciation” (Zarate, 1994: 88), which he
attributed to the complex biogeographical history of the
region. Subspecies were viewed as a solution to these
perceived difficulties. Zirate also apparently saw
subspecies as a mechanism to indicate relationships
reflected in his belief that "a classification exclusively of
distinct species is of no benefit either to the interested
scientist, or for communication of this knowledge to the
user community” (Zarate, 1994: 88, translated from
Spanish). Zirate further mentioned ease of identification
(to species) with certainty, as more than compensating
for the inconvenience caused by a system composed
mainly of subspecies.

Although this marked variation in numbers of recognized
species and in the importance given to subspecific ranks
by different authors is partly attributable to the history of
collection and species discovery, it is also a function of
differing views about what constitutes good character
evidence for species or infraspecific taxa. A new
taxonomic monograph of Leucaena has recently been
completed by Hughes (in press) providing the first
complete taxonomic revision of the genus since that of
Britton and Rose (1928). This revision recognizes 22
species with an additional six infraspecific taxa and two
named hybrids. The aim (Hughes, 1997a; in press) has
been to name, as species, all the diagnosable entities
based on available character evidence. Such an objective
must emphasize distinctions rather than similarities as
pursued by Zarate (1994). The delimitation of Leucaena
species by Hughes (1997a; in press) is based on the
phylogenetic species concept using characters and
character states defined on qualitative morphological
variation. This is an explicit pattern based species
concept (Rosen, 1979; Eldredge and Cracraft, 1980;
Nelson and Platnick, 1981; Cracraft, 1983; Nixon and
Wheeler, 1990) which recognizes species that possess
constant and unique character states or unique
combinations of character states. The result is that many
of the species described by Britton and Rose are not
recognized as distinct by Hughes (in press), and their
names are now treated as synonyms (Table 2). In
contrast, some of the subspecies recognized by Zirate
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(1994) quality as distinct species.

As noted in Chapter 5, there is ample evidence for
hybridization within Leucaena; infraspecific taxa provide
no solution to the problem of naming hybrids. Zirate’s
second contention that subspecies are an effective way to
indicate groups of closely related taxa, is again little
substitute for an informed analysis of species
relationships and presentation of an explicit hypothesis of
relationships in the form of a hierarchical branching
diagram (see below). A number of species groups within
Leucaena, such as the L. shannonii and L. esculenta
alliances, initially presented difficulties in the delimitation
of species. As additional characters have been discovered
and particularly as "field" characters have been added,
most of these problems have been solved.

Hughes (19974; in press) used variation in a number of
quantitative leaf and pod traits, rejected as species
characters because they vary continuously across species
and show overlapping variation when viewed across the
genus as a whole, to recognize a number of subspecies
and varieties. Subspecies were used for entities which are
distinguished by several quantitative traits and which are
clearly correlated with geography (e.g. L. collinsii; Figs
24 and 25). Varieties were used for entities which differ
in several quantitative traits but which are not correlated
with geography (e.g. L. lanceolata; Figs 38 and 39) or
for which the geographic limits of the variants are poorly
known. An exception to strict application of the
phylogenetic species concept was the retention of L.
trichodes and L. macrophylla as distinct species in the
absence of clear character state differences pending more
detailed examination of variation within this widely
distributed group (see Section 11.11 for full discussion).

Molecular evidence, where available, has been found to
support delimitation of species and subspecies. The
c¢pDNA analysis of Harris er al. (1994a) and the isozyme
analyses of Chamberlain et al. (1996) were directly
applicable in this way. Additional evidence from
isozymes of L. leucocephala (Harris et al, 1994b) as well
as the analysis of variation in seed storage proteins
(Chamberlain, 1993) provided some circumstantial
evidence. No taxa based on molecular variation alone
have been retained.

Accepted names and synonyms of species of Leucaena
are presented in Table 2. This includes several new taxa
and combinations published by Hughes (1997a) and
follows the taxonomic monograph of Hughes (in press).
A complete checklist of accepted names, synonyms,
doubtful and excluded names, their place of publication
and type specimens is included as Appendix 1.

2.4 Recent taxonomic confusion

It is not uncommon to encounter confusion over species
names amongst Leucaena researchers and growers. The

same species may be referred to using different names in
different countries, by different researchers and in
different seed collections. As a wider range of species are
tested, brought into cultivation and used in hybridization
this problem has been aggravated. This confusion is a
major handicap to the smooth progress of international
Leucaena research and communication. While confusion
may be partly attributed to difficulties of identification,
often due to hybridization (Chapter 5), it also reflects the
differing approaches to species delimitation and hence
numbers of species recognized by Britton and Rose,
Brewbaker, Zarate and Hughes. This has resulted in use
of names that are now considered to be synonyms and
distribution of incorrectly named seedlots for trials. The
most common sources of taxonomic confusion are
discussed and clarified below. All taxonomic changes are
discussed in detail in the individual species accounts
(Chapter 11) and in Hughes (1997a; in press).

L. diversifolia: The known tetraploid and diploid taxa,
treated in the past as subspecies of L. diversifolia
(Brewbaker, 1987a; Pan and Brewbaker, 1988; Zarate,
1994), are now recognized as distinct species, L.
diversifolia (tetraploid) and L. trichandra (diploid)
(Hughes and Harris, 1995; Hughes, in press). The name
L. diversifolia subsp. diversifolia, previously used by
Brewbaker (1987a), Pan and Brewbaker (1988), Zarate
(1994), and Harris et al. (1994a) and in the early
distribution of OFI seedlots (Hughes, 1993), is now
replaced simply by L. diversifolia. Previously the diploid
taxon was recognized as L. diversifolia subsp. stenocarpa
(Zarate, 1984a; 1994). This name was used by Hughes
(1993), Harris et al. (1994a) and applied to the OFI
Leucaena seed distributed up to 1996. However, Pan
(1985), Pan and Brewbaker (1988) and Brewbaker and
Sorensson (1994) used the name L. diversifolia subsp.
trichandra. The correct name for the diploid taxon, which
is now recognized as a distinct species, is L. trichandra
(Hughes, in press).

L. pallida: Although Brewbaker (1985; 1987a), Zarate
(1994) and Hughes (1993) all agreed that the four species
described by Britton and Rose (1928), L. dugesiana, L.
oaxacana, L. pallida and L. paniculata are all referable
to the same species, there has been disagreement about
the accepted name and whether it should be treated as a
separate species, or a subspecies of L. esculenta. It was
originally designated as L. paniculata in the CSIRO
Leucaena seed collection (Bray, pers. comm), as L.
esculenta subsp. paniculata by Zarate (1984a; 1994) and
as L. pallida by Brewbaker and colleagues in Hawaii.
Hughes (1993) originally followed Zirate (1984a) and
used the name L. esculenta subsp. paniculata in the OFI
seed distribution. The correct name for this taxon has
now been clarified and justified as L. pallida by Hughes
(in press), in line with the majority of recent agronomic
literature (Brewbaker, 1987b; Brewbaker and Sorensson,
1994).
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Table 2 Synopsis of Leucaena species, infraspecific taxa, and their synonyms recognized by Hughes (in press). A
complete checklist of all accepted names, synonyms, their place of publication and type specimens is presented in

Appendix 1.

Recognized species and
authorities

Recognized infraspecific taxa

Synonyms (excluding basionyms)

L. collinsii Britton & Rose

L. confertiflora S. Zarate

L. cuspidata Standley

L. diversifolia (Schitdl.) Benth.

L. esculenta (Sessé & Moc. ex
DC.) Benth.

L. greggii S. Watson
L. involucrata S. Zarate

L. lanceolata S. Watson

L. lempirana C.E. Hughes

L. leucocephala (Lam.) de Wit

subsp. collinsii

subsp. zacapana C.E. Hughes
var. confertiflora

var. adenotheloidea (S. Zarate)
C.E. Hughes

var. lanceolata

var. sousae (S. Zirate) C.E.
Hughes

subsp. leucocephala

subsp. glabrata (Rose) S. Zarate

subsp. ixtahuacana C.E. Hughes

L. esculenta (Sessé & Moc. ex DC.)
Benth. subsp. collinsii (Britton & Rose)
S. Zéarate

L. confertiflora S. Zérate subsp.
adenotheloidea S. Zarate

L. cuspidata Standley subsp. jacalensis S.
Zarate

L. diversifolia (Schltdl.) Benth. subsp.
diversifolia sensu Pan (1988)

L. brachycarpa Urban

L. laxifolia Urban

L. confusa Britton & Rose
L. doylei Britton & Rose

. microcarpa Rose
brandegeei Britton & Rose
cruziana Britton & Rose
palmeri Britton & Rose

. pubescens Britton & Rose
purpusii Britton & Rose

. Sinaloensis Britton & Rose
. sonorensis Britton & Rose
. nitens M.E. Jones

. lanceolata S. Watson subsp. sousae S.
drate

NN NSNS

L. glauca (Willd.) Benth.
L. latisiliqua sensu Gillis & Stearn




Systematics 13

Recognized species and
authorities

Recognized infraspecific taxa

Synonyms (excluding basionyms)

L. macrophylla Benth.

L. magnifica (C.E. Hughes) C.E.

Hughes

L. matudae (S. Zarate) C.E.
Hughes

L. multicapitula Schery

L. pallida Britton & Rose

L. pueblana Britton & Rose

L. pulverulenta (Schitdl.) Benth.

L. retusa Benth.

L. salvadorensis Standley ex
Britton & Rose

L. shannonii J.D. Smith

L. trichandra (Zucc.) Urban

L. trichodes (Jacq.) Benth.

subsp. macrophylla

subsp. istmensis C.E. Hughes

L. macrocarpa Rose

L. houghii Britton & Rose

L. nelsonii Britton & Rose

L. macrophylla Benth. subsp. nelsonii
(Britton & Rose) S. Zarate

L. shannonii J.D. Smith subsp. magnifica
C.E. Hughes

L. esculenta (Sessé & Moc. ex DC.)
Benth. subsp. matudae S. Zarate

L. dugesiana Britton & Rose

L. oaxacana Britton & Rose

L. paniculata Britton & Rose

L. esculenta (Sessé & Moc. ex DC.)
Benth. subsp. paniculata (Britton & Rose)
S. Zarate

Acacia sabeana Buckley

L. stenocarpa Urban

L. diversifolia (Schitdl.) Benth. subsp.
stenocarpa (Urban) S. Zarate

L. guatemalensis Britton & Rose

L. revoluta Britton & Rose

L. standleyi Britton & Rose

Acacia albanensis Britton & Rose

L. canescens Benth.

L. pseudotrichodes (DC.) Britton & Rose
L. colombiana Britton & Killip

L. bolivarensis Britton & Killip

L. trichodes (Jacq.) Benth. var. acutifolia
Macbride
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L. magnifica and L. matudae: Both these species were
originally described as subspecies (L. shannonii subsp.
magnifica and L. esculenta subsp. matudae respectively)
and OFI seed was distributed under these names up to
1996. Adoption of a uniform, pattern based species
concept across the whole genus has meant that these two
subspecies now qualify as distinct species based on
unique morphological characters, or combinations of
characters (Hughes, 1997a; in press).

L. leucocephala: Variation within L. leucocephala was
first noted by agronomists evaluating different accessions
for fodder production (e.g. Hutton and Gray, 1959;
Brewbaker et al., 1972). Two main variants, based
primarily on habit, branchiness and vigour were
recognized; firstly, a shrubby, low growing, highly
branched, seedy, and often weedy, variant designated the
‘Common type*; secondly an erect, arborescent, lightly
branched, less seedy variant designated the ‘Giant® or
“‘Salvador type' (Hutton and Gray, 1959; Gray, 1967,
Brewbaker er al., 1972; Brewbaker, 1980; Brewbaker,
1987b). These variants were formally recognised as
distinct subspecies by Zarate (1987a). The two subspecies
recognized by Zarate (1987a) correspond directly to the
agronomic types viz: subsp. leucocephala = *Common
type'; subsp. glabrata = ‘Giant' ot *Salvador® type. A
third agronomic variant, the so called ‘Peru type® also
belongs with subsp. glabrata. During recent exploration
by Hughes and collaborators in northern Guatemala, an
additional variant, which differed from both subsp.
leucocephala and glabrata, was encountered and
described as a third subspecies named ixtahuacana by
Hughes (1997a).

L. collinsii subsp. zacapana: pre-1991, this taxon, native
to the Motagua Valley system in south-east Guatemala
was confused with L. diversifolia. Seed of L. collinsii
subsp. zacapana distributed from OFI (Ident Nos 15/83
and 18/84) during the 1980s was misidentified as L.
diversifolia. This name was also wrongly used by the
regional, CATIE-based MADELENA project -in all its
research activities with this taxon in Central America.

2.5 Species relationships

Understanding of species relationships, based on analysis
of comparative morphological and molecular data,
provides the basis for classification. There are three
published analyses of species relationships within
Leucaena - Zarate’s (1984a; 1994) division of the genus
into two sections, an analysis of chloroplast DNA
variation by Harris ef al. (1994a) and a cladistic analysis
of 29 morphological characters by Hughes (in press).

Zirate (1984a) suggested dividing the genus into two
sections, based on three conspicuous leaf characters -
leaflet size, number of pinnae, and shape of petiole
gland. This informal division was claimed by Zarate
(1984a: 27) to be "somewhat natural” although the
problematic position of L. shannonii with its polymorphic

leaflets which are intermediate between the two sections
was recognized. The two sections were formally
designated by Zarate (1994) as section Macrophylla,
typified by L. macrophylla, comprising L. macrophylla,
L. lanceolata, L. shannonii, L. retusa and L. trichodes,
and section Leucaena, typified by L. leucocephala,
comprising the remaining species.

Harris er al. (1994a) produced the first explicit
hypothesis of relationships within Leucaena based on
chloroplast DNA variation. This scheme of relationships
shows three major groups (Fig 2) and does not support
the sectional classification of Zarate (1994). Cytoplasmic
DNA phylogenies may differ from species phylogenies
particularly where there has been hybridization and
introgression (Doyle, 1992). Given that there is
considerable evidence that hybridization has been
important in Leucaena (Chapter 5), the cpDNA tree (Fig
2) should be treated as a ‘gene tree* and not a ‘species
tree". This also means that it is difficult to compare
directly the morphological tree with the cpDNA tree, or
to combine the two as an integrated scheme of
relationships. However, known maternal inheritance
(Harris, unpubl.), while limiting the usefulness of cpDNA
in estimating species relationships, makes it particularly
useful for detecting cases of hybridization and for
determining the maternal parent of tetraploid species
originating as hybrids between two diploid species
(allotetraploids) (see below).

The third scheme of species relationships (Fig 3) derived
from cladistic analysis of 29 morphological characters
(Hughes, in press) shows no support for the two sections
designated by Zarate (1994). It shows broad, but not
complete, agreement with the gene tree derived from
cpDNA. Given the difficulties associated with treating
the cpDNA tree as a species tree, the morphological
analysis was used by Hughes (in press) as a basis for
classifying species within the genus. This scheme is
favoured over the sectional classification of Zarate (1994)
because it is based on a larger number of characters; 29
rather than three. Hughes (in press) also showed that the
characters used by Zdrate are not satisfactorily partitioned
into two states. Leaflet size and number of pinnae show
continuous variation across species (Figs 17 and 18) and
are not amenable to anything but arbitrary division. Also
variation in petiole gland shape is divided into three basic
types rather than two (Table 14; Fig 19). The scheme of
relationships adopted by Hughes (in press) identifies a
number of groups or ‘alliances’ of closely related
species within the genus (Fig 3). These include:

» the L. esculenta alliance comprising L.
esculenta, L. pueblana, L. involucrata and L.
matudae.

» the L. lanceolata group comprising L.
lanceolata, L. multicapitula, L. trichodes, L.
macrophylla and a subgroup within it:

» the L. shannonii alliance of L. shannonii, L.
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Figure 2 Analysis of chloroplast DNA and origins of tetraploid species
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magnifica, L. lempirana and L. salvadorensis.

» the four species, L. retusa, L. greggii, L.
cuspidata and L. pulverulenta, although not a
group, are consistently placed at the base of the
tree and are hypothesized to be closely related.
There is evidence to support a close relationship
between L. retusa and L. greggii.The
relationships of L. collinsii and L. trichandra are
unresolved in this analysis. Further discussion of
species relationships is included in the
individual species accounts (Chapter 11).

It remains to be seen what the predictive value of this
classification (Fig 3) will be in terms of either new
character data or species characteristics more widely.
Two observations are of note at this stage. Firstly, it is
known that condensed tannin content of leaves, an
important determinant of nutritive value of livestock
fodder, varies significantly across species (Stewart and
Dunsdon, in press; Section 3.7). It is notable that very
low (sometimes zero) condensed tannin levels are found
for all the species of the L. lanceolata alliance and for no
other species except the unresolved L. collinsii. Secondly,
all species of the L. lanceolata alliance are moderately or
highly susceptible to attack by the psyllid while the
remaining species, with the notable exception of L.
pulverulenta, are moderately or highly resistant (Section
3.4). These two applied traits are thus broadly congruent
with this scheme of relationships.

2.6 Chromosome numbers and tetraploid
species

Chromosome number (ploidy level) provides a special
type of data where some species within a genus have
multiple sets of chromosomes (polyploids). The
. occurrence of polyploidy within Leucaena has long been
known following early chromosome counts (2n = 104)
for L. leucocephala (Tjio, 1948; Frahm-Leliveld, 1957,
Shibata, 1962; Gonzalez et al., 1967). Subsequent studies
showed that both diploids and tetraploids occur and that
within each ploidy level there are two chromosome
numbers (2n = 2x = 52; 2n = 2x = 56; 2n = 4x = 104,
2n = 4x = 112; Table 3). While the majority of species
are diploid, there are four known tetraploids in Leucaena,
L. confertifiora (2n = 112), L. diversifolia, L.
leucocephala, and L. pallida (all 2n = 104). Tetraploid
species may originate either as autotetraploids - where
chromosome doubling occurs when mitotic chromosomal
division is not accompanied by cell division, AA —
AAAA - or as allotetraploids where chromosome
doubling occurs as a result of hybridization between
species with distinct genomes, AB — AABB.
Allotetraploids are more common that autotetraploids in
plants. Evidence suggests that three of the four known
Leucaena tetraploids are allotetraploids derived from

hybridization between two diploid species.

Evidence on the origins of the tetraploid species of
Leucaena remains incomplete. As noted earlier the
maternally inherited chloroplast DNA analysis provides
the best source of evidence concerning the likely
maternal parent species. In the cpDNA tree tetraploid
species are likely to appear as sister (adjacent) species to
their maternal progenitors (Fig 2). In a cladistic analysis
of morphological data, hybrids, with their reticulating
evolutionary  histories, violate the fundamental
assumption that Nature’s hierarchy can be effectively
represented by a dichotomous branching diagram. For
this reason the four tetraploid species of Leucaena were
omitted from the initial analysis of morphological data
which was carried out including only the diploid species
(Fig 3) (Hughes, in press). However, morphological
analysis may still provide some additional data on hybrid
(tetraploid) origins by including the tetraploid species one
by one in the analysis (Hughes, in press).

The currently available evidence on the origin of the
known tetraploid species of Leucaena is summarized
below. Further molecular research that may cast light on
these origins is in progress (Harris, unpubl.; Hartman and
Cocking, 1996).

» L. leucocephala: the cpDNA data suggest
that L. leucocephala had L. pulverulenta, or a
species with the cpDNA type of L. pulverulenta,
as the maternal parent. The morphological
analysis suggested that L. leucocephala is a
hybrid between two distantly related species,
one with large and one (L. pulverulenta) with
small leaflets. Given the distribution of L.
pulverulenta in NE and E Mexico, one of the
two large leatlet species from that area, L.
lanceolata or L. macrophylla, is the most likely
male parent species. Low crossability of L.
macrophylla  (Section 5.2), suggests L.
lanceolata as the most likely second parent
species. The possibility that L. leucocephala
arose in cultivation was suggested and discussed
by Hughes and Harris (1995) and Harris et al.
(1996). Such an origin is compatible with
ethnobotanical evidence (Chapters 4 and 5).
Given the existence of three recognized
subspecies of L. leucocephala multiple origins
with slightly differing parentage are likely.

» L. diversifolia: although Pan (1985) and Pan
and Brewbaker (1988) hypothesized L.
diversifolia to be an autotetraploid derived from
L. trichandra, the cpDNA data of Harris et al.
(1994a) showed that this is not the case. L.
trichandra and L. diversifolia have highly
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Table 3 Chromosome numbers for species of Leucaena.

Species Chromosome  Author
number 2n
L. collinsii 52 (756) Pan and Brewbaker (1988); Sorensson (1988; 1989a)
L. confertiflora 112 Sorensson (1988); Sorensson and Brewbaker (1994); Palomino et al. (1992; 1995)
L. cuspidata ?
L. diversifolia 104 Pan and Brewbaker (1988); Sorensson (1989a)
L. esculenta 52 (756) Hutton (1981); Pan and Brewbaker (1988); Sorensson (1989a); Palomino et al. (1995)
(7112)
L. greggii 56 Sorensson (1988; 1989a)
L. involucrata ?
L. lanceolata 52 Gonzalez et al. (1967); Pan and Brewbaker (1988); Sorensson (1989a)
L. lempirana ?
L. leucocephala 104 Tjio (1948); Frahm-Leliveld (1957); Shibata (1962); Gonzalez et al. (1967); Hutton
(1981); Pan and Brewbaker (1988); De Freitas et al. (1991); Sorensson (1989a)
L. macrophylla 752 Sorensson (1989a)
L. magnifica 752 Sorensson (1989a)
L. matudae 752 Sorensson (1989a)
L. multicapitula 752 Sorensson (1989a)

Pan and Brewbaker (1988); Sorensson (1989a); Palomino et al. (1992)

Turner and Fearing (1960); Gonzalez er al. (1967); Hutton (1981); Pan and

Pan and Brewbaker (1988); Sorensson (1989a)

Hutton (1981); Pan and Brewbaker (1988): Sorensson (1989a)
Hutton (1981); Pan and Brewbaker (1988). Sorensson (1989a); Palomino et al. (1992)

L. pallida 104 (7110, 112)
L. pueblana ?
L. pulverulenta 56
Brewbaker (1988); Sorensson (1989a)
L. retusa 56
L. salvadorensis 756 Sorensson (1988; 1989a)
L. shannonii 52
L. trichandra 52 (756)
L. trichodes 52

Gonzalez et al. (1967); Hutton (1981); Pan and Brewbaker (1988)

distinctive chloroplast genomes and were placed
as distantly related on the cpDNA tree (Fig 2).
The cpDNA data instead suggest that L.
diversifolia also had L. pulverulenta as its
maternal parent (Harris et al., 1994a). L.
pulverulenta, L. leucocephala and L. diversifolia
have very similar chloroplast genomes (Hughes
and Harris, in press). Morphological analysis
placed L. diversifolia as sister species to L.
trichandra indicating that species as a possible
paternal parent.

» L. pallida: Pan (1985) hypothesized L.
pallida to be an allotetraploid derived from

hybridization between L. esculenta and L.
trichandra based on morphological intermediacy
and geography. The analysis of cpDNA (Harris
et al, 1994a) was compatible with that
hypothesis until L. pueblana was resurrected as
a species distinct from L. pallida by Hughes (in
press). When L. pueblana is recognized, this
species becomes the likely maternal progenitor
(Fig 2). This is compatible with the
morphological analysis which placed these two
species as sister species.

> L. confertiflora: the origin of L. confertiflora
remains unknown.
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Species Relationships in Leucaena
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Figure 3 Scheme of relationships of diploid species hypothesized by cladistic analysis of 29
morphological characters showing three species groups within Leucaena (modified from Hughes,
in press).
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3  Species characteristics

3.1 Leucaena leucocephala

Tree size and form, site adaptability (including cold and
drought tolerance and soil preferences), phenology,
product quality (leaves and wood), psyllid resistance,
growth rate and weediness are some of the characteristics
which determine the potential of Leucaena species. As
noted in Chapter 1, L. leucocephala has been widely
planted throughout the tropics. At the peak of its
popularity, in the late 1970s and early 1980s it was
heralded by some as a ‘miracle tree* and was the focus
of several books, reviews, a comprehensive bibliography,
national and international workshops, videos and a
dedicated journal - Leucaena Research Reports. The
characteristics of L. leucocephala are thus extremely well
known and amply documented (Oakes, 1968; Gray, 1968;
Pound and Martinez-Cairo, 1983; National Academy of
Sciences, 1984; Brewbaker, 1987b; Hocking, 1993; Jones
et al, 1992; 1997). L. leucocephala provides the
benchmark for comparison in all trials and experiments
evaluating the characteristics of other species of
Leucaena.

In many respects L. leucocephala is an extremely useful,
versatile and adaptable tree. It can provide a multiplicity
of basic products and services including firewood and
poles, livestock fodder and green manure, food for
human consumption from leaves, pods and seeds
(Chapter 4), as well as shade and soil conservation
benefits (Fig 7). It can produce high wood and fodder
yields on some sites and may be cultivated and managed
in diverse agricultural, agroforestry and forestry systems.
Multiple uses, fast growth, ease of propagation and
management, and exceptional fodder quality (Jones,
1979; 1994b; Shelton and Brewbaker, 1994; Norton et
al., 1995) have been key factors promoting its adoption.
It is one of the foremost tropical fodder trees, sometimes
being described as the ‘alfalfa of the tropics® and was
one of the first species to be used intensively for the
production of green manure in alley cropping systems
and live barrier slope stabilization.

On the other hand L. leucocephala lacks cold tolerance
and grows poorly on acid soils, important limitations
which restrict its use in tropical highland and many wet
tropical lowland areas. It produces prodigious quantities
of true bred seed through self pollination from an early
age. While this meant that seed of L. leucocephala was
spread extremely easily from farmer to farmer, area to
area, and country to country, it also brought with it the
problems of weediness (Section 3.9) and diversion of
photosynthates away from wood and leaf production. The
prodigious quantiies of pods produced by L.
leucocephala are thus both an advantage and a limitation.

Other limitations of L. leucocephala are low durability of
its wood limiting use for poles for construction or
fenceposts (Timyan, 1996) and poor seedling vigour
hindering establishment (Bray, 1986; Jones and Bray,
1983; Lesleighter and Shelton, 1986; Bashir et al., 1986;
Castillo et al., 1994; Sorensson et al., 1994). However,
the most serious limitation of L. leucocephala is
susceptibility to defoliation by the psyllid Heteropsylla
cubana (Fig 7F-G) (Section 3.4). While the psyllid rarely
causes tree mortality, severe and cyclical defoliation
meant that farmers and communities who had come to
rely on L. leucocephala for leaf products, such as dry
season livestock fodder, were suddenly faced with
shortages (e.g. Djogo, 1994). No other single factor has
halted promotion and use and prompted the search for
new diversity and alternatives with such urgency as the
advent of the psyllid (e.g. Geiger et al., 1995).

Utilization of genetic diversity within species is the
normal starting point in any crop or tree breeding
programme. Variation within L. leucocephala was first
noted by agronomists evaluating different accessions for
fodder production (e.g. Hutton and Gray, 1959;
Brewbaker et al, 1972). Two main variants, based
primarily on habit, branchiness and vigour were
recognized: firstly, a shrubby, low growing, highly
branched, seedy, and often weedy, variant designated the
‘Common' type*; secondly an erect, arborescent, lightly
branched, less seedy variant designated the ‘Giant® or
‘Salvador type* (Hutton and Gray, 1959; Gray, 1967,
Brewbaker et al., 1972; Brewbaker, 1980; Brewbaker,
1987b). These variants were formally recognised as
distinct subspecies by Zirate (1987a). The two subspecies
correspond directly to the agronomic ‘types‘: subsp.
leucocephala = ‘Common type'; subsp. glabrata =
‘Giant™ or ‘Salvador type'. A third agronomic variant,
the so called ‘Peru type' was recognized (Gray, 1968;
Brewbaker and Hutton, 1979; Brewbaker, 1980) based on
material introduced to Australia from Argentina, but of
supposed Peruvian origin, and characterized by the erect
habit of the ‘Giant type® but the greater branchiness of
the ‘Common type'. However, the ‘Peru type" also
belongs within subsp. glabrata. The bred line
‘Cunningham”", released and widely planted in Australia
(Gray, 1967), is a cross between the ‘Salvador' and
‘Peru’ types.

Despite this conspicuous diversity of shrubby and
arborescent types within L. leucocephala, the
considerable effort that has been devoted to field testing
of large numbers of both ‘Common' and °‘Giant'
accessions has revealed only limited useful variation.
More than 100 accessions of the Common, subsp.
leucocephala tested by Brewbaker and Sun (1996) were

! previously the shrubby L. leucocephala has been inappropriately referred to as the * Hawaiian' type (Brewbaker, 1997; Bray, 1997).
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found to be of a single genotype. Most of the accessions
of Giant, subsp. glabrata have also been found to be
identical (Brewbaker et al., 1972; Wheeler et al., 1987,
Arora, 1981). One accession, K636 from Coahuila,
Mexico, was found to be significantly more psyllid-
tolerant and less seedy than the widely used K8, K28,
K67 and K72 varieties (Wheeler et al., 1987; Bray, 1987,
Glover, 1988; Wheeler, 1988; Castillo and Shelton,
1994). While variation among the three subspecies of L.
leucocephala and within subsp. glabrata has been
successfully identified and used to improve Leucaena, it
is clear that there is even greater scope for genetic gain
using species other than L. leucocephala.

Species diversity within Leucaena may be used either by
cultivating lesser known species directly, or through
artificial hybridization. The high crossability found
among species within Leucaena (Sorensson and
Brewbaker, 1994), the successful development of
artificial hybridization techniques (Sorensson, 1995), and
the diversity of useful characteristics encountered among
species (this Chapter), led Brewbaker and Sorensson
(1990; 1994) to consider the whole genus as the potential
genepool available for use and genetic improvement. As
stated by Brewbaker (1995: 76) "exploiting hybridisation
promises almost unlimited genetic diversity for leucaena
improvement in agroforestry systems"”. Hybrids are
discussed in detail in Chapter 5. Lesser known species
have been the focus of research, particularly to produce
hybrids, for at least three decades. However, it is only in
the last decade that serious attempts have been made to
characterize and use this diversity more fully. Several
new species have also been discovered, and old neglected
species rediscovered during this time and it is only now
that the taxonomic backbone is better defined (Chapter 2)
that assessment of species characteristics can proceed on
a sound footing.

Despite growing interest in a wider spectrum of species,
the characteristics of most species remain poorly known.
In this chapter a synopsis of species characteristics is
presented, summarized in Table 4, and discussed. A full
and detailed review of the voluminous literature on many
of these topics is beyond the scope of this Chapter.
However, much of this literature relates to only one
species, L. leucocephala, and here my aim is to provide
a preliminary overview of species characteristics across
the whole genus. Furthermore, this synopsis should be
considered no more than a prelude to the very large
amount of data, so far largely unpublished, that will be
forthcoming shortly (e.g. in the 1998 Hanoi Workshop
Proceedings) from current research to evaluate and
characterize species in field trials and laboratory
analyses.

3.2 Tree size and form
All Leucaena species form small to medium sized trees

ranging from 3-5m in height (e.g. L. greggii, L. retusa,
L. confertiflora and L. cuspidata) to 20-25m (e.g. L.

multicapitula, L. salvadorensis, L. esculenta, L.
macrophylla and L. magnifica) (Table 4) (Back cover A-
E). Several lesser known species form trees to 20m
height and 40-60cm dbh rivalling the larger trees of L.
leucocephala subsp. glabrata. Tree form varies from
consistently single stemmed (e.g. L. macrophylla subsp.
istmensis, L. magnifica and L. multicapitula, under free
growth) to strongly multiple stemmed (e.g. L.
confertiflora, L. cuspidata and L. matudae). As noted
earlier, L. leucocephala is distinguished by unusual
heritable intraspecific diversity in tree size and form with
its well known shrubby ‘Common"  (subsp.
leucocephala) and arborescent ‘Giant® types (subsp.
glabrata) (Brewbaker, 1987b). Brewbaker (1987b) and
Brewbaker and Sorensson (1994) have interpreted this as
a general phenomenon within the genus, with L.
magnifica an arborescent form of L. shannonii, L.
diversifolia of L. trichandra and L. multicapitula of L.
trichodes. However, as variation in other characters has
been assembled, it has become apparent that not all these
‘pairs’ of shrubby and arborescent types are in fact
closely related (see e.g. Hughes, 1997b for L.
multicapitula; Hughes, in press, more generally). Most
are now recognized as distinct species which simply vary
in form and stature.

Species also vary in branchiness and crown architecture,
but this will require closer evaluation in field trials. The
planar, two-dimensional branching habit of some
provenances of L. trichandra is unusual within the genus.
All species are known to resprout after cutting and are
amenable t0 management under regular lopping but the
details in terms of resprout vigour, number of resprouts
and possible frequency and intensity of lopping have only
been studied tfor L. leucocephala (reviewed by Robinson
and Thompson, 1988; Brewbaker, 1987b) and, to a lesser
extent, L. diversifolia and L. pallida.

The potential of a wide range of Leucaena species to be
used in agroforestry combinations, in similar ways to L.
leucocephala, is demonstrated by their widespread
incorporation in traditional indigenous agroforestry
systems in Central America and Mexico (Chapter 4; Figs
9F-G, 10B-D). Several species are maintained over crops
e.g. L. esculenta, L. magnifica, L. pallida, L. trichodes
and to a lesser extent L. salvadorensis. Other species,
such as L. lanceolata and L. collinsii subsp. zacapana are
encouraged and maintained in bush fallows, and L.
diversifolia is often used as shade over coffee. An
important factor influencing the incorporation of tree
species into agroforestry combinations is their ease of
management. All Leucaena species are apparently easily
managed by tarmers by lopping.

3.3 Ecogeography

Leucaena species are distributed in their native ranges
across some 40 degrees of latitude and 2500m in altitude
indicating a diversity of climates, and particularly
temperature regimes, experienced by different species
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(Fig 10A). This distribution also encompasses significant
variation in rainfall, length and intensity of dry season
and soil type. While definitive statements about site
tolerances of species must be based on field testing
across environments, conditions within the native range
provide a first indication of likely climatic limits and soil
preferences and a working basis for assessing their
potential. Site matching techniques have been used to
predict where L. leucocephala can be grown successfully
in the Neotropics (Lascano et al., 1995). However, for
other species of Leucaena, data on site preferences from
trials are too patchy (see below) to draw conclusions as
yet, and localised climate variation within Mexico and
Central America may limit the accuracy of climatic
interpolations on which to base predictions. The
discussion here is based on the limited published
literature and a crude assessment of broad ecogeographic
conditions within the native ranges of different species
which are mapped in Chapter 11. What is quite clear is
that there is considerable scope to extend the range of
sites where Leucaena can be planted beyond the areas
where L. leucocephala performs well through use of
other species, either directly or through hybridization.

L. leucocephala is essentially a tropical species requiring
warm temperatures (25-30°C) for optimum growth, with
poor cold tolerance and significantly reduced growth
during cool winter months in subtropical areas
(Brewbaker and Sorensson, 1987a; Williams, 1987). It is
limited to areas below about 1500m altitude and 15-25°
north or south of the equator. L. leucocephala sheds its
leaves even with light frosts and heavy frost kills all
above ground growth, although trees often resprout the
following summer. Similarly L. leucocephala grows well
only in subhumid or humid climates (650-3000mm) with
moderate dry seasons of up to 6-7 months (Lascano et
al., 1995).

Cold tolerance. In any discussion of cold tolerance it is
important to distinguish between cool tolerance and frost
tolerance. Some subtropical and many tropical highland
regions experience cool climates, often with reduced
sunshine due to persistent cloud cover, but without frost.
Furthermore, frost tolerance must distinguish between
tolerance of occasional (once a year or once every few
years) light frosts (as in large areas of the dry
subtropics), and regular (every year over one or several
months) frost occurrence. Several of the northern and
higher altitude species of Leucaena experience frost in
their native ranges. In particular, L. retusa and L. greggii
tolerate regular, frequent and often sharp frosts with
temperature minima as low as -15°C. These species are
truly frost-tolerant, but are known to be slow growing
even on frost free sites (Glumac ef al., 1987; Stewart et
al., 1991; 1993) and have little direct potential, although
their use through hybridization, particular involving a
‘bridge” species such as L. pulverulenta (Sorensson,
1995), is being investigated in Hawaii (Chapter 5).
Several other species including L. pulverulenta, L.
pallida, L. esculenta, L. involucrata, L. cuspidata and L.
confertiflora experience moderate, infrequent frosts in

their native ranges and may show limited frost tolerance.
L. diversifolia is another highland species which grows
in cooler conditions but does not experience frost. The
remaining species grow, in their native ranges, in truly
tropical, frost free conditions.

Cold tolerance of cultivated Leucaena has only been
studied for a limited range of species but this has
confirmed the exceptional frost tolerance of L. retusa and
more limited cold tolerance of L. pulverulenta (Glumac
et.al. 1987; Long, 1989). The ability of L. diversifolia
and its hybrid with L. leucocephala to outperform L.
leucocephala in cool stable climates, with low mean
temperatures but no frost, was suggested by Brewbaker
(1982) and has since been demonstrated by Brewbaker et
al. (1988), Khajuria and Singh (1991), and Maasdorp
(1992). The inability of L. diversifolia to withstand frost
has been contirmed by Williams (1987). Surprisingly, the
hybrid between L. leucocephala and L. diversifolia (KX3)
was found to be remarkably frost tolerant in S.E.
Queensland, Australia (Gutteridge and Sorensson, 1992)
and survived frosts with temperature minima as low as -
12°C. In subtropical areas that experience occasional light
frosts (e.g. parts of southern Africa, large areas of South
America, northern Mexico and the southern U.S.A.),
frost-tender Leucaena species may survive and resprout
following dieback and can be managed in this way with
annual cutting (Foroughbakhch and Hauad, 1990). Austin
et al. (1997) demonstrated that L. pallida, the L.
leucocephala x L. pallida (KX2) hybrid, and L.
trichandra also show good tolerance of cool, but frost
free upland conditions in Hawaii. The level of cold
tolerance of L. esculenta, L. cuspidata and L.
confertiflora remains to be investigated in trials but
indications are that L. pallida and L. esculenta are killed
by moderate or severe frosts. For example, local residents
reported that an unusually hard frost killed all above
ground parts of L. pallida and L. esculenta at San Pedro
Chapulco, Puebla, Mexico in 1972.

In summary, Leucaena species and hybrids suitable for
growing in cool but frost free tropical highland areas
include L. diversifolia and L. pallida and their hybrids
with L. leucocephala. True frost tolerance is likely to be
more elusive, although some progress may be made
through hybrids with L. retusa and L. greggii. The
potential to use L. confertiflora in hybrids with L.
leucocephala remains to be investigated. L. confertiflora
is a tetraploid, thereby opening up opportunities for
hybridization, and is found at higher elevations (to
2550m) than any other species in central Mexico.

Drought tolerance. Most species of Leucaena grow in
their native ranges in seasonally dry tropical forest (Fig
10A). Mean annual precipitation and length of dry season
vary across species from 550-700mm with a 7-month dry
season for L. collinsii subsp. zacapana, L. matudae, some
L. pallida, and L. pueblana to 1500-3500mm with a 2 or
3-month dry season for L. diversifolia and L.
multicapitula. Most species lie in between with annual
rainfall 750-1500mm and a dry season of 4-5 months. L.
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pallida has out performed other species under cold dry
conditions in Botswana (Karachi and Lefofe, 1997). L.
leucocephala does not perform well in drier
environments, with less than 650mm annual rainfall, and
a dry season of more than 4-6 months. Further testing
will be required to assess drought tolerance of other
species, particularly in relation to dry season leaf
retention for livestock fodder production. It is unlikely
that any species of Leucaena will perform as well as
species of other genera, such as Acacia or Prosopis, with
rainfall less than 500mm. They should not be tested in
those areas.

Soils. L. leucocephala is known to be intolerant of soils
with low pH, low P, low Ca, high salinity, high
aluminium saturation and waterlogging (Brewbaker,
1987b) and has often failed under such conditions
(Hutton, 1981; 1982; Oakes and Foy, 1984, Brewbaker,
1987b; Shelton, 1994; Blamey and Hutton, 1995). The
possible approaches to use of Leucaena on acid soils
were reviewed by Hutton (1995) and Blamey and Hutton
(1995) who concluded that high production is not
possible without significant selection and breeding.
Recent testing of a wider range of species and seed
sources has confirmed the poor survival and low acid soil
tolerance of Leucaena species on several sites in Asia
(Khoa et al., 1997; Castillo er al., 1997). Therefore it
seems likely that the solution to tree planting on acid
soils lies, not with expensive and time consuming
breeding programmes to improve Leucaena but rather
with exploitation of other legume genera, such as
Erythrina, Calliandra, Flemingia and Inga which are
naturally well adapted to acid soils. Considerable success
has been reported with species from these genera in
recent years (Kass, 1995; Lawrence et al., 1995;
Chamberlain and Pottinger, 1995; Shelton, 1994).
Nevertheless, some attention has been given to looking
for acid soil-tolerant species or hybrids of Leucaena.
Research by Hutton and others, principally in South
America, showed that L. diversifolia, L. trichandra, and
to a lesser extent L. shannonii and L. macrophylia,
exhibit some acid soil tolerance (Hutton, 1981; 1984,
1990; 1995; Oakes and Foy, 1984; Holden et al., 1988).
Hybrids between L. leucocephala and either L. trichandra
or L. diversifolia were found to grow better on acid soils
than the ‘Cunningham' variety of L. leucocephala
(Hutton, 1990; 1995). The acid tolerance of L.
diversifolia and particularly L. trichandra is not
surprising given that these species frequently occur as
understorey trees in pine forest in Central America, often
on very thin, heavily leached, nutrient-poor lithosols
developed from volcanic tuffa. Given that L. trichandra
has the widest natural distribution and is the most
variable species in the genus (Figs 66 and 65; Section
11.22) with known morphological variants (Hughes, in
press), considerable genetic diversity as assessed by
isozymes and RAPDs (Harris, unpubl) and known
variation in growth, psyllid resistance and tannin content
of leaves (Stewart and Dunsdon, in press), it is also
likely to show variation in acid soil tolerance. If acid soil
tolerance is available within Leucaena, it is most likely

to be found in L. trichandra and in any new testing of
material or production of hybrids for acid soil tolerance
it will be particularly important to include a wide range
of provenances. The occurrence of L. multicapitula in
lowland rain forest in Panama made researchers suspect
that it also might be more acid tolerant than L.
leucocephala. This requires further investigation but it
has been shown by Alvarez er al. (1987) that low soil pH
in the native range in Panama is compensated for by
relatively abundant Ca and Mg in the rooting zone.

3.4 Psyllid resistance

The most serious limitation of L. leucocephala is
susceptibility to the psyllid defoliator Heteropsylla
cubana (Figs TF-G). Psyllids are small jumping, sap
sucking, plant lice, reminiscent of aphids, which damage
Leucaena trees by feeding from the phloem of
developing shoots and young foliage so that damage is
concentrated in these regions (Figs 7F-G). While the
psyllid only causes limited tree mortality, severe and
cyclical defoliation, deformation, stunting and dieback
mean that farmers and communities who had come to
rely on L. leucocephala for leaf products, such as dry
season livestock fodder or green manure, were suddenly
faced with shortages and loss of income. For example,
Djogo (1994: 376) states that “the destruction of
Leucaena by the psyllid was a disaster for cattle
production systems in most parts of West Timor" in
Indonesia. Wider impacts have been loss of farmer
confidence in external recommendations, consequent
suspicion of new alternative species promoted by
outsiders, and hindrance of progress on broader land
conservation and rehabilitation programmes (e.g. Mella
et al., 1989; Geiger et al., 1995). In Thailand, although
L. leucocephala has long been grown throughout the
country, Sampet et al. (1995: 201) considered that “it is
doubtful if interest in Leucaena will recover without
substantial effort and funding". The psyllid is a classic
example of a pest catching up with an exotic after many
years of pest free existence, through its accidental
movement to a new area (Beardsley, 1987).

Since the psyllid first started spreading in 1984,
considerable research effort has been mobilised to
examine the problem and provide options for its control
and management. Indeed, the psyllid has been the focus
of international workshops in Hawaii in 1987
(Withington and Brewbaker, 1987), Indonesia in 1989
(Napompeth and MacDicken, 1989) and Tanzania in
1994 (Ciesla and Nshubemuki, 1995). In the context of
genetic resources, only one aspect of this broad
programme of research - the search for psyllid resistance
within Leucaena - is relevant and discussed in detail in
this section. General overviews of the psyllid problem
were provided by MacDicken (1987), Napompeth (1989),
Bray (1994) and Geiger et al. (1995), and of the biology
of Heteropsylla cubana by Beardsley (1987), Waterhouse
and Norris (1987), Hodkinson (1989) and Muddiman et
al. (1992). The dramatic spread of the psyllid westward
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from Central America in 1985, almost encircling the
globe within a decade, is documented in detail by
Muddiman et al. (1992) and Bray (1994). Attempts to
document and quantify the impact of psyllid damage
have been made by Mella et al. (1989), Oka (1989),
Heydon and Affonso (1991), Darma et al. (1992), Intari
et al. (1992) and Room et al. (1993).

The severity and scale of damage caused by the psyllid
is extremely variable. In Latin America, where the
psyllid is native, its distribution is extremely patchy. In
some areas, such as the Yucatin Peninsula in Mexico,
even though L. leucocephala is extremely abundant,
psyllids are apparently rare or even absent (McClay,
1989; Waage, 1989), and even where it does occur it
rarely causes significant damage (see below). Psyllid
pressure has thus not been a significant consideration so
far in testing of new Leucaena species in field trials in
Latin America (e.g. McClay, 1989; Stewart et al., 1991).
The presumption is that the psyllid is controlled by
predator and parasite pressure in these areas (McClay,
1989). The much more severe damage caused elsewhere,
at least in the first two years following introduction of
the psyllid, may be due to lack of control agents. As
local, native control agents adapt and adjust, there is
evidence in some areas that psyllid populations decline
and damage reduces with time. However, severe damage
in Asia has also been attributed, at least in part to the
extremely narrow genetic base of the widely cultivated
material, comprising essentially a handful of self
pollinated varieties of one species, L. leucocephala (e.g.
Brewbaker, 1985; Bray, 1994; Geiger er al., 1995)
(Sections 6.3 and 9.3).

The possibility of identifying and using psyllid-resistant
genetic material within Leucaena was proposed by
Sorensson and Brewbaker (1987a) and Bray (1987; 1994)
as one option to deal with the psyllid problem, alongside
other measures such as biocontrol (reviewed by Mitchell,
1987; Nakahara et al., 1987; McClay, 1989; Waage, 1989
and others). As discussed by Bray ef al. (1989) and Bray
(1987; 1994), there are three options for the selection and
breeding of psyllid-resistant Leucaena: (i) selection
within L. leucocephala; (ii) use of psyllid-resistant
species directly; (iii) development of psyllid-resistant
interspecific hybrids. All three options depend on the
ability reliably to detect and assess resistance. This is not
necessarily straightforward. The ultimate test of
resistance is to establish the reduction in yield of a
particular genotype due to the presence of the psyllid, but
clearly this is very difficult and time consuming. Most
assessments of psyllid resistance have relied on
observations of either numbers of psyllid adults and
nymphs, or levels of damage, scored on simple rating
schemes (Othman and Prine, 1984; Bray, 1987,
Sorensson and Brewbaker, 1987a; Bray and Woodroffe,
1988; Wheeler, 1988). Although these rating schemes are
qualitative and hence subjective, and give no indication
of real loss due to psyllid infestation, they have been
quite effective in general comparative assessments. The
damage rating scheme of Wheeler (1988), on a 1 (no

damage) - Y (blackened stems with total leaf loss) scale,
has been widely adopted. Some authors have
subsequently grouped scores into broad categories of
resistance (e.g. 1-3 = highly resistant, 4-6 = intermediate,
7-9 = susceptible, Sorensson and Brewbaker, 1987a or 1-
2 = highly resistant, 3-4 = moderately resistant, 4-5 =
moderately susceptible, 5-9 = highly susceptible, Mullen
et al., 1996; 1997). Assessment of damage is further
complicated by the fact that psyllid populations vary over
time in relation to seasons and climatic fluctuations, and
from area to area, and damage may also be affected by
age of tree and lopping. What is clear is that effective
assessment of resistance depends on sufficient replication
of each entry, susceptible controls and a “saturated’
psyllid environment (such as that created by stands of
susceptible varieties) (Bray, 1994).

Despite these difficulties, the numerous assessments
carried out over the last decade, with a few notable
exceptions (see below) show broad agreement and now
appear to provide a coherent and fairly comprehensive
picture of psyllid resistance within the genus. The general
lack of genetic diversity and useful variation within L.
leucocephala is well known (Section 6.4). With few
exceptions, assessments show L. leucocephala to be
highly susceptible. Indeed, in most trials it was among
the most susceptible species. Within L. leucocephala a
few accessions from N.E. Mexico, and most notably
K636, showed some psyllid tolerance (Wheeler et al.,
1987). This has been attributed not to resistance per se,
but rather to more rapid recovery after defoliation and
retention of some mature leaves during defoliation, which
mean that K636 is more tolerant of heavy psyllid
infestations than other varieties of L. leucocephala
(Wheeler et al., 1987; Bray, 1987; Pan, 1987; Glover,
1988; Wheeler, 1988; Castillo and Shelton, 1994).
However, while some have promoted K636 on the basis
of its superior psyllid tolerance and growth compared to
other varieties (Uniquest, 1997), Pan (1987) reported that
K636 had not performed satisfactorily in Taiwan, and
Wheeler (1988) judged that tolerance was inadequate for
intensive fodder management. This discrepancy of
opinion may be due to differing psyllid pressure in
different areas, and general decline in psyllid pressure
two years after initial epidemics permitting mildly
psyllid-tolerant  varieties such as K636 to grow
satisfactorily.

From the start of the psyllid outbreak, it was apparent
that some species are much more resistant than others.
Initial assessments were based on observation of existing
collections growing in Florida, Hawaii, Australia and
Taiwan and within a few years a broadly consistent
pattern of resistance across the main species emerged.
From the start it was established that L. collinsii, L.
esculenta and L. pallida, and some accessions of L.
diversifolia and L. trichandra showed good resistance,
while other species including L. leucocephala, L.
pulverulenta, L. lanceolata and L. shannonii were
susceptible (Sorensson and Brewbaker, 1984; 1986,
1987a; Hollingsworth et al., 1985; Glover, 1987; 1988;
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Pan, 1987; 1988; Piggin and Parera, 1987; Bray and
Woodroffe, 1988; Wheeler, 1988; Wheeler and
Brewbaker, 1989; 1990; Austin et al., 1990; 1997,
Dzowela et al., 1995; Castillo and Shelton, 1994;
Gunasena and Wickramsinghe, 1995). The Leucaena
Psyllid Trial, LPT, network provided data across sites for
a limited number of species and accessions and showed
that these general patterns were highly consistent across
a wide range of sites and conditions (Wheeler and
Brewbaker, 1990). The early results reported by Othman
and Prine (1984) which showed some disagreement with
this picture have been attributed to misidentification of
material (Sorensson, 1989b). Results from the ICRAF
trial at Chipata in Zambia also showed some unusual
rankings for psyllid resistance (ICRAF, 1996). The
reasons for this are uncertain but could be due to unusual
drought stress, suboptimal application of the screening
method or the arrival of the psyllid when the trees were
already quite large.

Most early assessments of psyllid resistance were limited
by incomplete coverage of species and limited numbers
of accessions included in trials. More recently, all species
and subspecies have been assessed based on the OFI seed
collections. Sorensson (1989b) listed L. confertiflora, L.
greggii, L. matudae and L. retusa as additional species
showing high resistance and L. salvadorensis, L.
multicapitula and L. trichodes as highly susceptible.
Austin et al. (1995) also tested a wider range of
accessions confirming the high resistance of L. pallida
and susceptibility of L. multicapitula and L.
salvadorensis. By far the most comprehensive assessment
of psyllid resistance across the genus as a whole is that
by Mullen et al. (1996; 1997) who looked at 116
accessions covering all known species at two sites. This
assessment largely confirmed the known picture of
resistance across species and provided the first data on
some of the lesser known species. Notable amongst these
are L. confertiflora which was highly resistant and L.
leucocephala subsp. ixtahuacana which was slightly less
susceptible than subsp. glabrata and subsp. leucocephala.
As L. confertiflora is also tetraploid it might prove to be
a useful parent in crosses with the other tetraploid
species, L. leucocephala, L. pallida and L. diversifolia.
Mullen et al. (1996; 1997) also confirmed that there is
considerable variation within species such as L.
diversifolia, L. pallida and L. trichandra. 1t is well
established that L. trichandra is the most variable species
(Section 6.4) and this is confirmed for psyllid resistance
which ranged from 1.4-5.2 (damage scores of Wheeler,
1988) across the 12 accessions included, with material
from S.E. Guatemala (e.g. accessions OFI 53/88,
CPI46568, or K919) showing good resistance (Castillo
and Shelton, 1994; Austin et al., 1995; Mullen et al.,
1996; 1997). It is interesting to note that the psyllid is
very abundant in the natural populations where the OFI
53/88 seed was collected, although not apparently causing
any significant damage.

It is now clear that there is a complete range of psyllid
resistance from highly resistant to highly susceptible

across species within Leucaena. A set of highly resistant
species have now been identified. Psyllid damage rating
ranges and categories, based primarily on the data of
Mullen et al. (1996; 1997) are presented in Table 4.

Psyllid resistance in interspecific hybrids is generally
intermediate between the parent values (Sorensson and
Brewbaker, 1986; 1987a; Wheeler and Brewbaker, 1990)
and hybrids have been advocated as the best option to
incorporate psyllid resistance for wider use by Leucaena
growers (Wheeler and Brewbaker, 1990; Brewbaker and
Sorensson, 1987a; 1994; Sorensson, 1995). Initially
interest has focused on hybrids between L. pallida
(resistant) and L. leucocephala (susceptible) (KX2), but
many other hybrid combinations also show good psyllid
resistance. Psyllid resistance of KX2 has been further
enhanced beyond the F, by four cycles of recurrent
selection in breeding programmes in Hawaii. Production
and use of artificial hybrids is discussed in detail in
Chapter 5.

In spite of several investigations and much speculation
(Darma and Sutikno, 1989; Sorensson, 1989b; Wheeler
and Brewbaker, 1990; Wheeler et al., 1994; 1995), the
mechanism of psyllid resistance remains unknown. There
appear to be no obvious correlations between psyllid
resistance and leaflet size (Sorensson, 1989b), mimosine
(Wheeler and Brewbaker, 1990) nor condensed tannins
(Wheeler er al., 1994; Austin et al., 1997). It is clear that
the mechanism for resistance is complex; many
mechanisms have been proposed involving possible
psyllid attraction/repulsion factors such as volatiles, sap
constituents (secondary metabolites such as saponins or
phenols) and aspects of the plant surface micro-
environment such as pubescence or waxy coatings.

3.5 Phenology

A clear understanding of the timing of phenological
events (flowering, fruiting and leafing) is needed for
efficient planning of seed collections and artificial
hybridization. Phenology is also important in
understanding natural or spontaneous hybridization
events, interactions with pollinators, seed dispersal, seed
predators and the psyllid defoliator, and the wider
ecology, evolution and population dynamics of species.
Phenology data for Leucaena are currently limited to
species level summaries based on observational data
obtained during seed collection expeditions; a few
detailed species studies (e.g. Bendeck and
Foroughbakhch, 1988 for L. greggii); herbarium
specimen data (natural populations); observations at a
handful of sites, such as Hawaii (Brewbaker, 1983) and
Taiwan (Pan, 1988) where collections of Leucaena have
been cultivated as exotics. There are no published studies
of variation within species. The main features of any
phenology pattern are frequency (continual, sub-annual,
annual, supra-annual), amplitude (intensity of response),
duration (short or extended), date and synchrony
(Newstrom et al., 1994). In Leucaena, flowering and
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fruiting may be annual (most species) or sub-
annual/continuous (two species) and there is considerable
variation among species in date and duration (Fig 4).

It is well known that L. leucocephala produces
prodigious quantities of seed from the first year, more or
less continuously through the year as moisture permits
and across a wide range of different environments
(Gonzalez et al., 1967; Pan, 1988). Heavy clusters of 5-
10 (-45) pods are produced on each flower head and this
has been attributed to self fertility. One other species, L.
diversifolia, and the hybrid between L. leucocephala and
L. diversifolia, which are also self fertile, are similarly
precocious and produce abundant seed over an extended
period of the year. However these two species and their
hybrid are exceptional; the majority of species of
Leucaena have strictly annual, seasonal and short (but
somewhat variable) duration (2-5 months) flowering
periods and do not flower and fruit quite so abundantly
nor so early.

With a few exceptions (see below) the species with
seasonal flowering and fruiting patterns may be divided
into two groups. A group of cool subtropical or
subtemperate northerly or high altitude species (L.
cuspidata, L. greggii, L. pulverulenta and L. retusa)
flower in February - May and fruit between September
and November. The remaining species occur primarily in
seasonally dry tropical forest and flower and fruit
predominantly during the dry season between October
and April, in common with the majority of trees of the
dry tropical forest (Janzen, 1967; Frankie et al., 1974).
Some of these species such as L. collinsii, L. lanceolata,
L. lempirana, L. macrophylla and L. shannonii flower in
the early part of the dry season (October - November)
and ripen fruits within 3-6 months by the middle or end
of the same dry season. Others have longer maturation
periods: up to 8-9 months for L. cuspidata and 9-11
months for L. salvadorensis, which flowers in March-
April with pods not ripening until February of the
following dry season. Wheeler (1991) and Sorensson
(1992a) reported similar variation amongst species, from
90 to 280 days from flowering to pod maturation in
Hawaii. L. multicapitula and L. trichodes are exceptions
to these general patterns. L. multicapitula tflowers and
fruits during the wet season over a period of only 2-3
months, while the apparently extended flowering of L.
trichodes (Fig 4) is attributable to variation in different
parts of its very extensive distribution in South America
(Fig 68).

Phenological patterns may be very different when trees
are grown outside their native ranges. For example in
Taiwan, Pan (1988) found that flowering of all species
occurred in June-August except for L. esculenta which
flowered in November-January. In some environments,
some species may not fruit at all (e.g. L. esculenta at low
elevations in Hawaii).

Most species are strongly deciduous in their native ranges
in response to the prolonged (4-6 month) dry season (or

winter cold season for L. confertiflora, L. greggii and L.
retusa), losing some or all of their leaves for between
one and five months. However, leaf phenology is known
to be strongly dependent on site and management such as
lopping. Leafing patterns from wild populations are
therefore likely to be a poor guide to the behaviour of
cultivated populations. Dry season leaf retention is
particularly important for fodder use and is an important
criterion in assessment of species for use in seasonally
dry areas. For example, Dzowela et al. (1995) showed
considerable variation in dry season leaf retention,
initiation of dry season growth and dry season coppice
regrowth amongst a subset of Leucaena species growing
under adverse conditions of cold and drought in
Zimbabwe. Rosecrance (1990) found that leaflet drop due
to environmental stress is related to leaflet size, with
larger leaflets generally persisting longer than small ones.

3.6 Wood quality

Initial interest in use of Leucaena as an exotic focused on
livestock fodder (see below), and it was not until the
discovery and release of the *‘giant’ varieties of L.
leucocephala that the potential of Leucaena for wood
production became apparent (Pound and Martinez-Cairo,
1983). As with most aspects of Leucaena research,
investigation of wood properties and utilization has
concentrated until recently almost exclusively on L.
leucocephala (Pottinger and Hughes, 1995). The wood
properties of this one species have been thoroughly
investigated and documented (Bawagan and Semana,
1978; Guevara, 1978; Relwani, 1981; Bawagan, 1983;
Pound and Martinez-Cairo, 1983; Van Den Beldt and
Brewbaker, 1985). This work shows wood of L.
leucocephala to be of medium specific gravity (0.5-0.7),
with pale yellow sapwood and light reddish brown
heartwood, to machine easily, to dry without splitting or
checking and to have generally acceptable pulping
characteristics (e.g. Tang, 1981). Most authors have
emphasized the potential to use wood of L. leucocephala
for a wide range of products including domestic and
industrial fuel - including dendrothermal energy
generation (Denton, 1983) - poles, posts, sawn timber,
furniture, parquet flooring, particle board, and pulp.
However, the potential to use L. leucocephala for saw
timber is greatly limited by its generally smail
dimensions - usually not greater than 30cm diameter - its
branchiness, which limits lengths of clear bole available
and means wood is often knotty, and its high proportion
of juvenile wood. Nevertheless, there is growing use of
small dimension sawn wood in a number of industries,
such as flooring, which might include L. leucocephala in
the future (e.g. Brewbaker and Sun, 1996). In practice,
Leucaena wood is primarily used for fuelwood and
charcoal for domestic household or local industrial use
(e.g. lime or pottery kilns), and for small dimension
poles. Use of short rotation L. leucocephala for poles is
limited by lack of durability and susceptibility to attack
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Figure 4 Variation in patterns of flowering and fruiting phenology of Leucaena species in their native ranges in Latin
America. Black shading = main period; ----- = extended period of sporadic flowering or fruiting. Data are derived from
field observations and herbarium specimens.
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by termites and wood borers (Timyan, 1996). L. supply (National Academy of Sciences, 1980; 1984). The
leucocephala provides fuelwood and charcoal of promised potential for large scale use of Leucaena in
acceptable, although not highest, quality and it is a pulp production or dendrothermal energy plantations
popular fuel, often competing with alternative local (Denton, 1983) has not come to fruition. Indeed, despite
species, at least in areas where fuelwood is in short much discussion about its wood production potential, L.
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leucocephala has not been become an established or
widely cultivated plantation species that is able to
compete with the species of Pinus, Eucalyptus or Acacia
which dominate tropical plantation forestry.

Utilization depends on many different wood properties.
For example fuelwood quality depends not only on wood
density and heat production, but also ease of harvesting,
transporting, drying and splitting, burning qualities such
as smokiness, sparkiness and smell, rapid growth rates
and coppicing ability. However, wood specific gravity is
known to be a good index of strength, pulp yield, heat
production and other properties (Panshin and de Zeeuw,
1971) and is one of the few physical properties that is
amenable to relatively easy and precise measurement.
That there is little variation in the heat produced by a
unit weight of oven dry wood was confirmed by a study
of calorific values which ranged from 4286 to 4531
kcal/kg across 11 species of Leucaena (Bezkorowajnyj et
al., 1996). In the few studies which compare wood
properties across species, wood density has been the
main trait assessed as an indicator of overall quality.
Wood density may be affected by growth rate, growing
conditions, tree age and tree spacing. In addition, density
normally varies across the tree trunk and may change
between heartwood and sapwood. Reported density
figures for species thus vary and are often quoted as
ranges. Density assessment requires standard material and
sampling in order to compare species.

Knowledge of the wood properties of species other than
L. leucocephala is limited to that derived from anecdotal
information about wood use within the native ranges of
species in Latin America, and a handful of studies of
wood samples from species and provenance trials.

In sharp contrast to use of Leucaena as an exotic, which
has been mainly as livestock fodder, fodder is little used
in Mexico and Central America and, after food use of
pods (Chapter 4), wood is the most important product.
Wood of most species of Leucaena is used by farmers
and rural communities in Mexico and Central America
for firewood, posts and poles. Wood of a number of
species is highly preferred by these users over L.
leucocephala and indeed alongside other native tree
genera, such as Prosopis and Lysiloma, which are known
for their high wood quality. L. collinsii (both subspecies),
L. lempirana, L. magnifica, L. salvadorensis and L.
trichandra (in some areas) are all noted to produce
excellent quality firewood. The observation of abundant
early heartwood formation in species such as L. collinsii,
L. lempirana and L. salvadorensis (Figs 8B-C), and the
known preference of these species for house construction,
including use for house corner posts is evidence of the
high wood durability of these species compared to L.
leucocephala (e.g. Hellin and Hughes, 1993). In many
areas these species are maintained, protected, managed
and sometimes cultivated in traditional agroforestry
systems (Figs 8A and 10B) (Chapter 4) because they
produce high quality wood. L. collinsii subsp. zacapana
is managed on a four-year bush fallow coppice system

for intensive high quality firewood production in the dry
Motagua Valley of S.E. Guatemala. Similarly trees of L.
salvadorensis, which produces wood of higher density
and durability than L. leucocephala, are maintained and
managed by pollarding specifically for poles in
agroforestry systems in southern Honduras (Fig 8A)
(Hellin and Hughes, 1993), and are preferred over most
other species (Colindres et al., 1995). L. lempirana wood
is apparently similar and the species is managed for
production of fence posts in cattle rearing areas of north
central Honduras. In many parts of Mexico, wood use is
subsidiary to food use for some species such as L.
esculenta (Chapter 4), which means that trees are
protected for pod production and the wood, although
often of high quality, is little used. The only other
species which is recognized for its wood within Mexico
and Central America is L. pulverulenta which is reported
to produce heavy, hard, very close grained wood with
rich dark brown heartwood, reflected in its common
name lead tree, which was used in the past for lumber,
including railway sleepers, in southern Texas (Standley,
1922; Sargent, 1921; Isely, 1970; 1973).

Measurements of wood density and heartwood formation
from samples collected from a species and provenance
trial established by CONSEFORH in 1989 in Honduras
provided the first data comparing wood quality across
species within the genus. Assessments of wood density
from this trial, at years one, two (Stewart et al., 1991;
1993) and five (Gourlay ef al., in press) show close
agreement in species rankings and demonstrate for the
first time that there is significant variation in both wood
density and heartwood formation within the genus. Data
on wood density and heartwood formation (Gourlay et
al., in press) are presented in Table 4. These data show
that the mean whole radius density across all species was
0.72 g/em’®. A subset of species, including L. collinsii, L.
salvadorensis, L. shannonii and L. magnifica, have wood
density values consistently greater than 0.8 g/cm® and are
significantly above average, with a maximum value of
0.95 g/em® for L. collinsii subsp. zacapana (Fig 8C).
These results reflect the preferred status of these species
amongst farmers and rural wood users in Mexico and
Central America (see above). Wood of L. leucocephala,
at 0.58-0.64 g/cm?, was slightly below the average for all
species, while the lowest mean whole radius density of
0.56 g/cm® was found for L. multicapitula (Gourlay et
al., in press). Heartwood is denser than sapwood in most
tree species, but this study shows the reverse to be the
case for Leucaena (Gourlay et al., in press). Wood
specific gravity of all species of Leucaena thus compares
favourably with that of other well known multipurpose
tree species such as Gliricidia sepium: 0.5-0.6 g/cm’
(Stewart, 1996) and Calliandra calothyrsus: 0.51-0.78
g/cm’ (National Academy of Sciences, 1980). The
species of Leucaena with higher wood densities match
wood of species such as Prosopis juliflora: 0.7 g/cm’
(National Academy of Sciences, 1980). Wood in the
Honduran trial was produced under a strongly seasonal
climate with a 5-6 month dry season. Wood density
values on more favourable sites may be lower and may
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be subject to genotype-environment interaction.
Examination of wood density across a range of sites will
address this. The considerable variation in wood density
across species indicates that trial assessments which
measure only height and diameter may be misleading for
those with an interest in wood production. Gourlay et al.
(in press) also showed that there is considerable variation
in heartwood formation among species. At 5 years of age
heartwood formation ranged from zero (L. esculenta and
L. matudae) to 59% for L. salvadorensis with an average
across species of 41%.

The litle that is known about wood quality
characteristics of the other Leucaena species indicates
that there is great variation in density and heartwood
formation. This variation has scope to be used to improve
firewood quality, with possible bio-energy potential. In
general, in plantation forestry, faster growing trees have
lower wood density than slow growing species on the
same site. This does not appear to be the case for
Leucaena. In the Honduran wood density studies, the
highest wood biomass producer, L. salvadorensis
(Stewart et al., 1991), had amongst the highest wood
densities, similar to that of L. collinsii subsp. zacapana.
Within Leucaena it is apparently feasible to combine fast
wood biomass production with high wood density, a
combination of particular interest for fuelwood
production. There is also particular scope to enhance
durability of poles for local construction through use of
lesser known species such as L. magnifica and L.
salvadorensis. There is however, little indication that any
of the lesser known species have the potential to compete
as plantation species for the production of sawtimber,
again because most are branchy with short clear boles.
Utilization of small dimension wood for flooring or crafts
could be greatly enhanced by use of species such as L.
collinsii and L. salvadorensis with their early and
abundant production of rich dark reddish brown
heartwood. Wood quality of hybrids and the heritability
of wood characteristics in Leucaena have yet to be
investigated.

3.7 Leaf quality

Lack of nitrogen is one of the limiting factors in many
tropical agricultural production systems reducing
productivity of crops, pastures and animals (Gutteridge
and Shelton, 1994). Most tropical grasslands are nitrogen-
deficient and of poor quality for grazing animals (Bray,
1986), and, with few exceptions (mainly in the wet
tropics), livestock live for considerable periods of the
year on sub-maintenance diets (Robinson, 1985). The two
largest sources of nitrogen are from artificial fertilisers
and biological nitrogen fixation in legumes, with the
latter being the cheapest source. All species of Leucaena
are known to fix atmospheric nitrogen although the
Rhizobium affinities are not completely understood
(Halliday and Somasegaran, 1983) (Chapter 7).
Biologically fixed nitrogen in the form of leguminous
protein in leaves (or pods) can be consumed by animals

to meet their protein requirements or may be returned to
the soil as organic mulch or animal manure. Use of
nitrogen-fixing tree leaves, either for livestock fodder or
green manure, has been promoted as one solution to
some of these problems (e.g. Robinson, 1985). Leucaena
leucocephala has been one of the foremost tropical
fodder trees, often being described as the “alfalfa of the
tropics' (Bray, 1986; Pound and Martinez-Cairo, 1983;
National Academy of Sciences, 1984; Brewbaker, 1987b;
Shelton and Brewbaker, 1994) and was also one of the
first species to be used for the production of green
manure in alley cropping systems (Kang er al. 1981;
1985).

Cursory examination of leaf morphology alone (see e.g.
Figs 17 and 18) shows there to be considerable variation
in numbers of pairs of pinnae, numbers of pairs of
leaflets, leatlet size, length and thickness of leaf rachis
and length and number of pinnular rachises, among
species of Leucaena. This implies variable proportions of
fibrous lignified (indigestible) tissue and photosynthetic
(digestible) tissue that might be a guide to nutritive value
(or decomposition rates). Furthermore, only some species
show nyctinastic movements of the pinnular rachis,
suggesting less fibrous and lignified material. Leucaena
leaves are thus extremely diverse and variation in
nutritive value and decomposition rates amongst species
is to be expected.

Fodder quality. Unlike most of the species
characteristics discussed in this chapter, such as psyllid
resistance, cold or drought tolerance, wood quality or
weediness, tor which limitations associated with L.
leucocephala are driving the search for new and superior
diversity amongst other species (or hybrids), L.
leucocephala is, in most respects, one of the highest
quality and most palatable fodders trees of the tropics
(Figs 7B-D) (Jomes, 1979; 1994a; Pound and Martinez-
Cairo, 1983; Brewbaker, 1987b; Shelton and Brewbaker,
1994; Norton et al., 1995). Efforts to investigate nutritive
value of other species of Leucaena have thus been driven
not by poor leaf quality of L. leucocephala, apart from
mimosine content (see below), but by other limitations,
and most notably susceptibility to the psyllid (Section
3.4) which has drastically reduced leat yields and hence
the value of L. leucocephala as a forage crop. The
emphasis is thus on finding species (or hybrids) which
match, or at least do not differ significantdy from, the
very high fodder quality of L. leucocephala. Leaf quality
of L. leucocephala compares tavourably with alfalfa or
lucerne (Medicago sativa) in feed value except for its
higher tannin content (Jones, 1979) and mimosine
toxicity to non-ruminants (Bray, 1995a). Leaves of L.
leucocephala have high nutritive value (high palatability,
digestibility, intake and crude protein content), resulting
in extremely impressive animal production with 70-100%
increases in animal live weight gains compared to pure
grass pastures (Fig 7B) (Shelton and Brewbaker, 1994;
Jones, 1994b; Esdale and Middleton, 1997). In addition,
L. leucocephala is very persistent over several decades of
cutting or grazing, is highly productive, recovers quickly
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from defoliation, combines well with companion grasses
and can be grazed with minimal losses due to trampling
or grazing (Jones, 1994b). As attention has turned to
other species, and especially hybrids, which are psyllid-
resistant, doubts have arisen about their nutritive values
compared to L. leucocephala (Bray, 1987; Austin et al.,
1990; Bray et al., 1990; Castillo et al., 1994; Norton et
al., 1995).

Any assessment of fodder quality must recognize the
great diversity of farming systems within which
Leucaena fodder is, or might, be used. Important
distinctions must be made between direct grazing and
cut-and-carry stall-feeding systems, between use as sole
feed and as a feed supplement, between ruminants and
non-ruminants, and amongst different animal species
within these categories. Leucaena fodder may be used in
a wide variety of situations. Feed quality characteristics
required for large scale beef production grazing systems,
such as those in Australia, where production is measured
in terms of live weight gains which are critical to
economic returns from marginal pasture land, may be
very different from those suitable for small scale cut-and-
carry stall-feeding systems used by smallholder farmers
in many parts of the tropics which demand more diverse
products and services (draught power, manure, milk and
meat) and which often involve greater diversity of
livestock. The bulk of research on feed quality of
Leucaena has been directed towards extensive
commercial beef production grazing systems. Just how
applicable this will be to a wider range of ruminants is
open to question. It is well known that different
ruminants (sheep, buffalo, goats, cattle and camels)
show considerable differences in their ability to digest
and utilize the nutrients from foliage of the same species
and that certain species are good fodder for one type of
livestock but not another (Robinson and Thompson,
1988).

Assessment methods. Nutritive value of any animal feed
depends on a number of factors including palatability,
chemical composition, digestibility and toxicity due to
presence of secondary compounds. Furthermore,
interactions occur between these factors but are often
poorly understood. For example, the complex interactions
between proteins and tannins mean that it is not clear
whether tannins in Leucaenas are beneficial or
disadvantageous in terms of digestibility and nutritive
value, and what levels and types of tannins may reduce
or enhance feed value (see below) (Norton, 1994;
Wheeler et al.,, 1995; Stewart and Dunsdon, in press).
Nutritive value may also depend on time of year, part of
the tree (leat, shoot, age of leaf, position in tree crown),
animal species (and breed), accustomization or adaptation
of animals to new feeds, what other components are in
the diet and on the state of leaf material
(fresh/wilted/dried erc.). For example it is well known
that initial palatability provides no indication of potential
palatability (Robinson, 1985). This complexity means that
assessment of the nutritive value of different tree species,
which is our primary interest here, is not straightforward

(reviewed by Wilson, 1969; Le Houerou, 1980; Torres,
1983; Robinson, 1985; Norton, 1994; Stewart and
Dunsdon, in press). It is widely accepted that the
standard ‘objective’ measures of nutritive value derived
from proximate analyses are suspect in terms of actual
value to the animal and that there is no substitute for
feeding trials which assess animal production (live-weight
gain, milk yield etc.) (Robinson, 1985; Norton, 1994).
Nevertheless, although such trials may provide the only
truly realistic assessment of nutritive value, they are
costly and have not been carried out for any species of
Leucaena other than L. leucocephala. The only
indications of nutritive value of lesser known species of
Leucaena remain those derived from leaf chemical
composition and in vitro digestibility measurements and
conclusions about nutritive value are therefore tentative.
The nutritive value of leaves of L. leucocephala has been
exhaustively investigated but the fodder quality of other
species of Leucaena is, in general, still poorly known.

Mimosine. Early efforts to detect variation in leaf quality
among species of Leucaena looked at variation in content
of the mild toxin, mimosine. Most woody legumes
contain secondary compounds which form one
component of plant defence mechanisms. These
compounds may be toxic to herbivores, may confer
unpalatability or may reduce feed intake. In general
ruminants (cattle, sheep, and goats) are less affected by
secondary compounds than non-ruminants (pigs, horses
and poultry) because of the capacity of rumen micro-
organisms to degrade these compounds and render them
less harmful (Jones, 1994a). The undesirable (toxic)
effects of feeding Leucaena have been largely attributed
to the non-protein amino acid, mimosine which is
converted to DHP (3-hydroxy-4-1(H)-pyridone), a
metabolite of mimosine, in the rumen. The toxic effects
of mimosine were reviewed by Jones (1979; 1994a). The
initial strategy used to avoid toxicity was to limit feed
intake of Leucaena to less than 30% of the diet. At such
levels the nutritive value far outweighs its potential
toxicity and no detrimental effects are apparent (Bray,
1986). Attempts were also made to select and breed low
mimosine lines and hybrids (see below). However, for
ruminants, a much more effective and elegant solution
has been found with the identification and use of rumen
microbes which are capable of detoxifying mimosine and
DHP (Lowry, 1983; 1987; Jones, 1985; reviewed by
Jones, 1994a). This notable success story has largely
solved the mimosine problem for ruminants. As a result
interest in the quest for low mimosine Leucaena species
and hybrids (Chapter 5) has waned. However, mimosine
remains a significant problem for non-ruminants,
restricting use of Leucaena, and is the main disadvantage
of Leucaena in leaf meal production compared to alfalfa
(Bray, 1995a). Leucaena leaf meal production, for
incorporation in commercial poultry and pig feed, may
provide a significant source of rural income in South
East Asia, as in parts of Indonesia (Lowry et al., 1984)
and Thailand (Manidool, 1983). Furthermore, the quest
for low mimosine lines and hybrids illustrates some of
the problems associated with investigation and genetic
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improvement of fodder quality in Leucaena and bears
further discussion here because of this.

Bray (1995a) catalogues the many factors (apart from
genetic factors such as species) which can affect
mimosine concentration. These include plant growth rate,
stage of development, plant part (young growing shoots,
expanded leaves, older leaves), season, and plant
response to stress and treatment, such as drying of
samples (Jones, 1980). This means that great care needs
to be taken over sampling for measurement of mimosine
and may explain the great variation in values obtained by
different workers. For example, Havad and
Foroughbackch (1991) found that mimosine concentration
of L. leucocephala varied from 3% to 9% from winter to
summer in northern Mexico. Despite sampling problems,
contradictory results, and widely differing absolute values
amongst the several studies carried out (Brewbaker and
Hylin, 1965; Megarrity, 1980; Brewbaker and Kaye,
1981; Chandrasekharan and Govindaswamy, 1985; Gupta
et al., 1986; Hauad and Foroughbackch, 1991; Hutton,
1985; Saunders et al., 1987), a more or less consistent
pattern of relative values in mimosine concentration can
be detected across those species which have been tested.
All species of Leucaena tested so far contain mimosine.
There is a positive relationship between mimosine
content and leaflet size; species with small leaflets (L.
collinsii, L. diversifolia, L. esculenta, L. greggii, L.
pulverulenta) generally have lower mimosine
concentrations than the large leatlet species (L.
macrophylla, L. lanceolata, L. trichodes). L. leucocephala
has intermediate levels of mimosine. Nevertheless, the
picture of mimosine variation in Leucaena remains
incomplete with no published studies that include all
species. Despite variation in mimosine concentrations
across species, attempts to breed low mimosine hybrids
between L. leucocephala and L. pulverulenta in Australia
were unsuccessful (Bray, 1984; 1986; 1995a; Bray et al,
1984; 1988; Hutton, 1985). Although hybrids with lower
mimosine than L. leucocephala were produced, they were
also significantly lower in yield, and not worthy of
commercialization (Bray, 1995a). Given the likely
correlations and interactions among traits such as
mimosine and growth rate, crude protein (Saunders et al.,
1987), tannin content and possibly pest resistance,
hybrids which combine high nutritive value with high
growth rates may be elusive (Bray, 1995a).

Nutritive value. Despite the limitations associated with
analyses of leaf chemical composition and in vitro
digestibility (see above), they do indicate that some
species of Leucaena, such as L. pallida and L.
diversifolia, may have lower nutritive values than L.
leucocephala (e.g. Austin et al., 1995; Shelton, 1995;
Norton e al., 1995; Stewart and Dunsdon, in press).
Initial analyses indicate that there is considerable
variation in leaf quality traits, especially tannin content
and digestibility, across species (Stewart and Dunsdon, in
press). Although statistically significant variation in crude
protein content has been detected, all species of
Leucaena have high crude protein contents (range 19-

26%) compared to grasses and crop residues (2-11%),
woody legumes in general (average 16%) and general
acceptable levels for maintenance of ruminants (9%) or
lactation and growth (15%) (Norton, 1994; Norton et al.,
1995). Crude protein contents of all Leucaena species are
high enough to be used as supplements. Very high crude
protein levels are not beneficial for sole feeds, resulting
simply in rapid breakdown and release as ammonia.
Given these generally high levels of crude protein,
nutritive value of Leucaena species is likely to depend
more on other factors such as tannins, and fibre content
which influence digestibility. Published data indicate that
there is significant variation in condensed tannin content
across species from very low (virtually zero) to high
levels (Table 4) (Wheeler et al., 1995; Stewart and
Dunsdon, in press). In line with other species
characteristics dramatic variation in tannin content, from
zero to very high, was found among different
provenances of L. trichandra (Stewart and Dunsdon, in
press). However, there is no universal agreement over the
significance of tannin levels in terms of nutritive value.
In general tannins reduce digestibility because they form
tannin-protein  complexes which render protein
unavailable in the rumen. However, for high protein
feeds such as Leucaena, protection of some protein
against microbial degradation in the rumen may provide
bypass protein for absorption in the small intestine.
While high tannin levels (>6%) are likely to adversely
affect digestibility, moderate levels could be beneficial in
terms of overall protein absorption. However there is no
guarantee, nor evidence that bypass protein is absorbed.
Conversely, while very low levels, or complete absence,
of tannin should be generally beneficial, it is possible
that excess protein is rapidly degraded in the rumen into
ammonia which is released in the form of urea (Norton
et al., 1995; Wheeler et al., 1995). At present little or
nothing is known about the structure and activity of
tannins from Leucaena species, except that tannins vary
amongst species and that quality of tannins may be as
important as quantity.

Variation in tannins is likely to explain in part the
variation recorded in digestibility across species. Stewart
and Dunsdon (in press) showed that 45% of the variation
in in vitro digestibility was accounted for by variation in
tannin content. Species with high in vitro digestibility,
such as L. shannonii, L. multicapitula and L. collinsii
subsp. zacapana tend to have low tannin content (Stewart
and Dunsdon, in press). In this context it is again
important to distinguish between in vitrolin sacco
digestibility, which measure degradation in the rumen
and would tend to be reduced by tannins, and in vivo
digestibility which measures degradation in the whole
animal, about which the influence of tannins is unknown.
As stated by Stewart and Dunsdon (in press), tannins in
Leucaena species should be treated with caution until
evidence is available on their specific nutritional effects.
However, simply taking L. leucocephala as a benchmark,
species with high, but not highest in vitro digestibility
and low, but not lowest, tannin content, are likely to
provide excellent nutritive value in Leucaena.



32  Leucaena Genetic Resources Handbook

Although there are several studies which indicate lower
relative palatability of species such as L. esculenta and L.
diversifolia compared to L. leucocephala (e.g. Bray 1987,
Austin et al., 1991; Stewart and Dunsdon, in press),
preference tests provide little indication of potential
palatability. For example, although L. salvadorensis was
shunned by sheep in preference tests (Stewart and
Dunsdon, in press), it is well known that naturally
regenerated seedlings are avidly browsed in Honduras by
cattle (Hellin and Hughes, 1993). Evidence suggests that
most species are probably palatable (e.g. Otsyina and
Masangi, 1995).

Much new work is currently underway to assess the
nutritive value of lesser known species of Leucaena. Any
attempt at a more detailed assessment here would thus be
misleading and rapidly superseded by new data. It
remains to be seen if any (and if so which) of the lesser
known species or hybrids will be comparable in nutritive
value to L. leucocephala. The consequences of using
fodder with variable characteristics are likely to be more
critical for intensive beef production systems than for
smaller scale more diverse livestock systems, where
diverse feed values could have potential benetits. Much
remains to be done before the actual feed value of these
lesser known species will be understood with the same
confidence associated with use of L. leucocephala. What
is clear is that, as with other characteristics, species of
Leucaena vary greatly in leaf chemical composition,
tannin content and digestibility.

Green manure. Leucaena leaves have also been used for
green manure in cropping systems. The value of
Leucaena leaf litter as a fertilizer is recognized by
farmers in Central America who, in some areas, retain
trees over crops specifically to maintain soil fertility
(Chapter 4). Similarly, farmers in Indonesia and the
Philippines have recognized the soil improvement
properties of Leucaena used as a shade tree over cacao

or tea (Dijkman, 1950). In parts of Indonesia, and the
~ Philippines, L. leucocephala has been used for several
decades to create hedgerow terraces for erosion control,
but with widely recognized benefits in terms of soil
fertility (Perera, 1980; 1983). More recently Leucaena
was one of the first species to be successfully adapted to
formal alley cropping (Kang et al. 1981; 1985). Alley
cropping refers to cultivation of leguminous trees in
hedgerows which are regularly lopped with the prunings
used to mulch and fertilize crops grown in the alleys
between the hedgerows. Several studies have
demonstrated the beneficial effects of Leucaena leaves on
crop yields (Gill and Patil, 1982; Torres, 1983; Kang et
al., 1984; Bashir et al., 1986; Muriethi et al., 1994).
These studies showed that in some areas retumning
Leucaena mulch to a maize crop increases maize yield
sufficiently to offset the reduction caused by the presence
of the Leucaena hedgerows. In coastal Kenya Muriethi et
al. (1994) showed that maize yields could be maintained
at 85% of those receiving recommended fertilizer inputs
while still using up to halt of the Leucaena prunings for
cattle fodder, assuming the animal manure is returned to

the soil. Such studies show the potential to use Leucaena
to increase overall agricultural productivity in integrated
tree-crop-livestock combinations. However, success with
L. leucocephala in alley cropping has not been universal
and is likely to be very site specific (Robinson, 1986).
Indeed it is now widely recognized that alley cropping
has been less widely adopted than anticipated due to
unforeseen biophysical, but particularly socio-economic
constraints and the more limited situations where alley
cropping may be successful are now better understood
(Carter, 1995).

All this research has concentrated on L. leucocephala. Its
leaves, even with moderate yields, contain more than
enough nitrogen to sustain a maize crop (Budelman,
1989). They are finely divided with small leaflets and
decompose quickly (with a 7-day N half-life) providing
a very rapid, short term influx of nutrients related to a
low C/N ratio (Weeraratna, 1982). Careful timing of
pruning is needed to ensure that nutrients are made
available at the right time for crop growth. It has been
suggested that leaves of L. leucocephala may decompose
too rapidly resulting in leaching of nutrients away from
the rooting zone before being taken up by the crop
(Robinson, 1986). This also means that they have limited
value as mulch for weed control which is recognized as
one of the additional benefits of alley cropping,
particularly in the humid tropics. Leaf decomposition
characteristics of other Leucaena species remain
unknown. However, it is well established that leaves of
other well known legume trees such as Gliricidia sepium,
Calliandra calothyrsus, Erythrina poepigiana and Inga
edulis vary greatly in their nutrient contents, the
percentage of nutrients released and hence the quality of
prunings (reviewed by Palm, 1995). Given the great
variation in leaflet size within Leucaena (Figs 17 and
18), some variation in decomposition, release of nutrients
and quality might be expected among species of
Leucaena. However, no species of Leucaena has thicker
leathery leaflets which characterize species of genera
such as Inga which are well known for their value as
mulch (Lawrence er al., 1995). It seems likely that
optimal nutrient input/mulch regimes in alley farming
will depend either on mixed green manure inputs based
on several species with differing decomposition
properties, and/or on more detailed investigation that
allows closer matching of nutrient release profiles to crop
demand through species selection (Palm, 1995).

The beneficial characteristics of L. leucocephala for use
in bio-engineering to protect hill slopes and embankments
from erosion were reviewed by Clark and Hellin (1996),
but once again, there are no comparative data for other
species of Leucaena.

3.8 Growth rates

High yield has been a major factor prompting the
promotion and adoption of L. leucocephala following the
discovery and distribution of the giant arborescent
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varieties, now assigned to subsp. glabrata (National
Academy of Sciences, 1984; Brewbaker, 1987b). The
‘Giant® varieties have universally out yielded the
pantropically naturalized ‘Common' shrubby varieties
belonging to subsp. leucocephala by 20-100% in leaf
production and up to 2.5 times in wood production (e.g.
Bray et al., 1988; Brewbaker et al., 1972; Brewbaker,
1980; Chadrasekaran, 1982; Gray, 1967; Hu et al., 1980;
Hutton and Bonner, 1960; Hutton and Gray, 1959;
Ramirez, 1987). Despite field testing of large numbers of
accessions of L. leucocephala subsp. glabrata, very little
variation in yield has been detected, beyond the higher
psyllid tolerance, and hence higher yield, shown by K636
(e.g. Wheeler et al., 1987).

On favourable sites (see above) L. leucocephala subsp.
glabrata can indeed produce exceptionally high fresh leaf
yields in the range 40-80 tonnes ha' yr' when moisture
is not limiting, and 20-50 tonnes in seasonally dry or
subtropical climates (Brewbaker, 1987b) comparable to
other high yielding shrubby tropical legumes and the best
herbaceous legumes. Height growth and wood yields
from L. leucocephala over short (3-5yr) rotations also
compare favourably with other species ranging from 3 to
4m height yr! and 10 to 60m® ha' yr' (Brewbaker,
1987b; Dutt, 1981; Van Den Beldt and Brewbaker, 1983;
1985). On less favourable sites, as in cooler tropical
highland areas or on acid soils (see above), or under high
psyllid pressure, yields have often been disappointing,
and under such conditions L. leucocephala is generally
outperformed by other genera, or potentially other species
or hybrids of Leucaena.

Little is known about growth rates of most species of
Leucaena. Until recently field testing of lesser known
species has been patchy, often based on small
unreplicated plots or arboretum entries on a limited range
of sites and including a small subset of species and
provenances. Many early trials indicated that L.
leucocephala out yielded most other species (e.g.
Brewbaker et al., 1972; Foroughbakhch and Hauad,
1990; Gupta et al., 1986; Raina, 1984). However, even
in some of these early pre-psyllid trials a number of
species of Leucaena outperformed L. leucocephala on
certain site types. The superior performance of L.
diversifolia over L. leucocephala under cool tropical
highland conditions (Brewbaker et al. , 1988; Khajuria
and Singh, 1991; Maasdorp, 1992) is one example (see
above). The spread of the psyllid means that the yield
advantage of L. leucocephala over other species has been
diminished relative to more psyllid-resistant species such
as L. pallida and L. diversifolia (e.g. Glover, 1988;
Otsyina and Msangi, 1995).

Within the last eight years a network of new field trials,
based on the OFI seed collections, has been established
(Appendix 3). These trials include a much wider range of
species and provenances alongside the well known
varieties of L. leucocephala and a selection of promising
hybrids such as KX2 and KX3 (Table 12 in Chapter 9).
Three foundation trials include the complete OFI

collection and a wide range of other seed sources
(Appendix 3). Results from most of these trials are
preliminary, based on early assessments, and synthesis of
results across sites is incomplete. Nevertheless, a number
of preliminary conclusions are apparent:

» L. retusa and L. greggii are consistently slow
growing under a wide range of site conditions
(Glumac et al., 1987; Gupta et al., 1986;
Foroughbakhch and Hauad, 1990; Stewart et al.,
1991, 1993; Viquez, 1995).

» the high forage yield potential of L. pallida
and its hybrid with L. leucocephala, KX2, has
been demonstrated and repeated in numerous
recent trials (Castillo and Shelton, 1994; Austin
et al., 1995; 1997; Brewbaker and Sun, 1996;
Shelton and Brewbaker, 1994; Sorensson, 1995;
Sorensson and Brewbaker, 1986).

» A number of species have out yielded the
well known giant varieties of L. leucocephala
and the KX1, KX2 and KX3 hybrids in both
wood or leaf biomass production on some sites.
For example in the prototype trial established by
CONSEFORH in Honduras in 1989 L. collinsii,
L. lanceolata, L. macrophylla subsp. istmensis
and L. salvadorensis were the highest wood
biomass producers (Stewart er al., 1991; 1993).
Similar results were obtained by Viquez (1995)
and Argel and Perez (1997) in trials in Costa
Rica. Mullen et al. (1996) found that L.
esculenta, L. pallida and L. trichandra (OFI
provenance 53/88, see below) out yielded the
psyllid-tolerant ~ accession, K636, of L.
leucocephala subsp. glabrata. Thus it cannot be
assumed that the widely known varieties of L.
leucocephala and hybrids will outperform other
species, even in areas, such as Honduras, where
psyllid pressure is not significant.

» Within the highly variable L. trichandra
(Section 6.4), material from south east
Guatemala (e.g. accessions such as CSIRO
CPI46568, OFI 53/88, and University of Hawaii
K919) has proved highly productive in a
number of trials in Honduras (Stewart ef al.,
1991, 1993), Australia (Bray, 1982; Mullen et
al., 1996), Hawaii (Austin et al., 1995) and
Tanzania (Otsyina and Msangi, 1995).

Once again many new data are currently being gathered
and a clearer picture of yield variation will become
available in the near future.

3.9 Weediness

The benefits to be gained from introduction of Leucaena
to new arcas are widely documented (Pound and
Martinez-Cairo, 1983; National Academy of Sciences,
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1984; Brewbaker, 1987b) and have been outlined above.
It is well established that as natural habitats become
progressively more fragmented and degraded, weeds, and
particularly weedy agroforestry trees are in increasing
demand to create robust utilitarian agroecosystems - the
“brave new ecosystems" referred to by Cronk (1995) - to
meet the needs of human populations (Hughes, 1988b;
1994; 1995). Many of the attributes which confer success
in such agroecosystems are by definition also
characteristics of weeds. It is therefore not surprising that
as well as benefits, introduction of successful
agroforestry trees, such as L. leucocephala, can also
cause problems of weediness. Furthermore, the ‘circa
situm conservation' (Chapter 8) benefits derived from
greater use of local tree diversity to create and maintain
agroecosystems may be lost through over-reliance on
introduced species such as L. leucocephala.
Introductions should only be considered if no native
species is suitable for the purpose for which the
introduction is being made. In this section, the status of
L. leucocephala as a weed is reviewed and the risks
associated with introduction of other species of Leucaena
are assessed by taking L. leucocephala as a benchmark
for comparison. Protocols for species introductions which
incorporate a weed risk assessment are recommended and
other measures which may reduce risks, such as use of
seed predators as biocontrol agents, or development of
sterile hybrids, are discussed.

L. leucocephala. An invasive plant may be defined as
‘an alien plant spreading naturally (without direct
assistance of humans) in natural and semi-natural
habitats, to produce a significant change in terms of
composition, structure and ecosystem processes” (Cronk
and Fuller, 1995). L. leucocephala subsp. leucocephala,
the shrubby ‘Common type' (see above) is a well
known invasive (Fig 8D). It is spreading naturally and
has been reported as a weed in more than 20 countries
scattered across all continents except Europe and

Antarctica e.g. in Africa in Tanzania (Sheil, 1994),
" Cameroon (Duguma, 1995), and South Africa
(Henderson, 1989; Wells er al., 1989; Neser, 1994); in
S.E. Asia in the Philippines (Merrill, 1912), Java,
Indonesia (Macdonald and Frame, 1988), Papua New
Guinea (Verdcourt, 1979) and Malaysia (Corner, 1938);
several Pacific islands including Guam (Debell and
Whiteswell, 1993), Vanuatu (Cock, 1984), New Britain
and Tonga (Verdcourt, 1979) and Hawaii, U.S.A. (Smith,
1985; 1989); on several Indian Ocean islands including
Reunion, Mauritius and Rodrigues (Polhill, 1990);
Australia (Lambert, 1996; Jones and Jones, 1996), the
island of Fernando de Noronha off the coast of Brazil
(Felfili and Da Silva, 1990), several islands of the
Caribbean such as Haiti (Timyan, 1996) and Puerto Rico
(Little and Wadsworth, 1964), in southern Florida
(Gordon and Thomas, 1997), and Texas (‘semi-weedy"
in urban areas, Isely, 1970; 1973), in the Bahamas, and
in the Yucatin Peninsula of Mexico where it is only
doubtfully native (McClay, 1989; Hughes, in press;
Section 11.10).

L. leucocephala subsp. leucocephala is a weed of open
(often coastal) habitats, semi-natural, disturbed, degraded
habitats, other ruderal sites (e.g. roadsides, abandoned
fields and waste ground) and occasionally of agricultural
land where it has been planted as a shade tree over
cacao. In their system of invasive categories Cronk and
Fuller (1995) assigned L. leucocephala to their category -

‘a serious or widespread weed invading semi-natural or
natural habitats which are of some conservation
interest". In Florida it is classified as a Category II
weed, defined as a species which has a local distribution
but either rapidly expanding populations, or known
potential to invade and disrupt native vegetation
elsewhere (Gordon and Thomas, 1997). In this sense it is
not one of the world’s worst weeds and it is not known
to invade undisturbed closed forest habitats. For example,
in Australia, although a known weed it is not a
proclaimed noxious weed (Parsons and Cuthbertson,
1992). However, in many areas it has formed dense
monospecitic thickets, as in Hawaii where it is reported
to be replacing native Metrosideros-Diospyros open
forest and possibly threatening Erythrina sanwichensis in
parts of its range (Fig 8D) (Cronk and Fuller, 1995). L.
leucocephala is present on at least five of the islands of
the Fernando de Noronha archipelago where it is also
competing with native island endemics, in this case Ficus
noronhae and Oxalis noronha (Felfili and da Silva,
1990). On the Acra plains in Ghana, a number of rare
endemic species of critical conservation concermn,
including Commiphera dalzielii and Hunteria ghanensis,
occur in areas now severely invaded by introduced trees
including Azadirachta indica and L. leucocephala
(Hawthorne', pers comm.) Dense monospecific stands,
even if not of immediate conservation concern, can
render extensive areas of disturbed ground unusable and
inaccessible (Cock, 1984).

The weediness of L. leucocephala subsp. leucocephala
has been attributed to its abundant, precocious (within
first year), year round seed production (Gonzalez et al.,
1967), lack of pollinator speciticity, its ability to resprout
after cutting or burning, the build up of a persistent seed
bank in the soil, its ability to form dense impenetrable
thickets and its self compatibility which means that it can
spread from seed produced from an isolated tree.
Conversely, it is thornless, has no known allelopathic
effects, is highly palatable, is not shade-tolerant, is non-
climbing in habit and seed dispersal is largely by gravity
with only limited movement of seed on the ground by
insects and rodents (although Jones and Jones (1996)
suggest that some seed may survive passage through
cattle), a set of traits which limit its invasiveness.

It has been suggested that L. leucocephala subsp.
glabrata is likely to be less weedy than subsp.
leucocephala (Shelton, 1996). I can see no basis for this
and under the Pheloung (1995) system (see below), both
subspecies obtain identical scores except that subsp.
glabrata has not been recorded as a weed elsewhere

! 'W.D. Hawthorne, Department of Plant Sciences, University of Oxford, South Parks Road, Oxford, OX1 3RB, UK.
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thereby reducing its score. Other systems (e.g. Reichard
and Hamilton, 1997) suggest stricter scoring for species
which are in the same genus as known weed species.
Subspecies glabrata is generally somewhat less
precocious and seedy than subsp. leucocephala. There is
also some variation in seediness amongst accessions.
However, even the less seedy varieties such as K636, still
produce prodigious quantities of seed at an early age.
Indeed Hutton and Gray (1959) showed that the Salvador
type (subsp. glabrata) produced more pods and seeds per
plant than the Hawaiian type (subsp. leucocephala). The
fact that subsp. glabrata is not recorded as a weed yet,
is quite possibly because it has only been widely
introduced in the last three decades, whereas subsp.
leucocephala has been spreading for more than 150
years. As early as 1912 L. leucocephala subsp.
leucocephala was "so thoroughly naturalized, common
and widely distributed that the casual observer would
consider it a native species” in the Philippines (Merrill,
1912). As noted above, it is well known that ‘invasion
trajectories’ (introduction - naturalization - facilitation -
invasive spread - interaction with other biota -
stabilisation) typically span 100 years or more (Cronk,
1995; Hobbs and Humpbhries, 1995; Scott and Panetta,
1993; Lodge, 1993). Subsp. leucocephala has had several
centuries to become a weed. It seems likely that, given
time, subsp. glabrata may also naturalize and become
weedy.

Other species of Leucaena. Given the current interest in
introduction of a wider spectrum of species or hybrids of
Leucaena to new areas, some researchers are asking
whether these species are likely to be more or less weedy
than L. leucocephala subsp. leucocephala in order to
judge the advisability of new introductions. Many authors
have highlighted the difficulties of predicting the
outcome of species introductions (Cronk, 1995; Cronk
and Fuller, 1995; Hughes, 1994; 1995) and as Cronk
(1995: 4) suggested it is likely that "whatever we predict
about the future of weeds, the reality is likely to surprise
us”. This is because of three main factors. Firstly, the
long term perspective required to take account of possible
changes in land use, production goals and management
practices is difficult to achieve. Secondly, it is well
known that there is often a lag of up to 100 years
between first introduction and emergence of an invasive
problem. Thirdly, spontaneous hybridization between
introduced species and native species or other introduced
species may give rise to new and potentially weedy
hybrids.

The weed risk assessment procedure devised and tested
by Pheloung (1995) to regulate plant imports to
Australia, and subsequently modified for use in New
Zealand (Williams, 1996), is one of several systems
developed recently (for others see Reichard and
Hamilton, 1997; Tucker and Richardson, 1995). Such
Systems provide one way to compare the potential
weediness of different species of Leucaena. Under the
Australian system, plants are scored according to a set of
49 criteria including evidence of weediness elsewhere

and biological attributes of the plant. Scores were
calibrated using 370 known Australian introductions as
the basis for assigning one of three categories - reject,
evaluate further or accept (Pheloung, 1995). L.
leucocephala subsp. leucocephala scored between 2 and
5 (Pheloung, 1995; Williams, 1996) (although I obtained
a slightly higher score of 7) points, scores which fall
within the evaluate further category. This means that
should L. leucocephala be proposed for introduction to
Australia today, further evaluation would be demanded
prior to introduction under new quarantine procedures.
Evaluation could consist of repeating the weed risk
assessment with updated and more complete information,
undertaking an environmental impact assessment and a
cost-benefit analysis to justify the risk, and/or ensuring
post-entry evaluation in the form of field studies
supervised by an expert panel to examine more directly
the weed potential and verify its potential benefits.
Taking L. leucocephala as a benchmark for comparison,
I have assessed other species of Leucaena under the
same system.

One other species, L. diversifolia, also appears to have all
the invasive traits of L. leucocephala and does not differ
significantly in the weed risk assessment. It is also self
compatible and seeds heavily at an early age. The
remaining species of Leucaena differ from L.
leucocephala and L. diversifolia in being self
incompatible and somewhat less seedy and precocious
although this is a matter of degree in that most are still
relatively seedy from an early age (1-2 years). Only L.
cuspidata, L. greggii, L. matudae, L. retusa and L.
salvadorensis are known to be less precocious, seeding
at 2-3 years of age. Further than this, four species, L.
lanceolata, L. pulverulenta, L. shannonii and L. trichodes
show marked weedy tendencies, spreading and colonizing
ruderal sites such as roadsides and abandoned fields and
forming dense thickets within their native ranges (Fig
8H) (e.g. Isely, 1970 for L. pulverulenta in Brownsville,
Texas, U.S.A.). Given that known weediness elsewhere
is a key factor in weed risk assessment (Pheloung, 1995),
and probably the best predictor of weediness (Scott and
Panetta, 1993), documentation of the weediness of these
four species here (Chapter 11) will be important if they
are proposed for new introductions elsewhere. Species
are tentatively assigned to one of four weed risk
categories taking L. leucocephala as a benchmark (Table
4): 0 = lower risk; 1 = significant risk; 2 = risk as for L.
leucocephala; 3 = known weed.

Hybrids. As indicated above hybridization can pose new
and unpredictable threats of weediness (reviewed by
Abbott, 1992). This is very much the case for Leucaena
with its high interspecific crossability and known
frequency of spontaneous hybridization (Chapter 5).
There are already several documented cases of
spontaneous hybridization in Leucaena following
introduction of species to new areas (Hughes and Harris,
1994, in press; Chapters 4 and 5). One of these hybrids
between L. leucocephala and L. diversifolia has arisen
spontaneously in Mexico, Guatemala, Jamaica,
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Dominican Republic, Papua New Guinea and the
Philippines (Hughes and Harris, in press) following
cultivation of the parents. This hybrid is self fertile,
produces prodigious quantities of seed from an early age
and shows weedy tendencies in secondary vegetation in
Veracruz, Mexico (Fig 8E). It is potentially as weedy as
L. leucocephala. This hybrid has also been created
artificially and promoted, as KX3, by the University of
Hawaii. Later generation segregants of this hybrid may
be less seedy than the F, material that was initially
distributed. As an increasing number of species are
introduced and tested in field trials there will be many
new opportunities for spontaneous hybrids, some of
which may also pose threats of weediness (Chapter 5).

Protocols for introductions. It can be seen that, with
five exceptions, all species of Leucaena should be
considered potentially weedy “conflict species® and
regarded with caution when considering
introductions. One species, L. diversifolia, and one
hybrid, L. leucocephala x L. diversifolia (KX3), have
clear potential to be as weedy, in time, as L.
leucocephala. They are likely to invade open habitats and
ruderal sites just like L. leucocephala. It is against this
backdrop that potential importers must judge the
advisability of new introductions. There is growing
awareness of the environmental hazards posed by
introduced species (Hughes, 1994; 1995). This has
prompted calls for a more parsimonious approach to
reduce ill considered and unnecessary introductions in
general through more careful prior assessment of likely
benefits and risks. For most species of Leucaena, it
seems possible that risk assessment will result in an
evaluate further categorization. Under new regulations
in New Zealand and Australia this would indicate the
need for more detailed cost-benetit analysis and post-
entry evaluation. In future the onus will be on plant
importers to demonstrate that proposed introductions of
Leucaena species are safe, or if judged to carry
environmental risks, that the economic benefits outweigh
the risks. Detailed protocols for new species introductions
are provided by Pheloung (1995) and Hughes (1995).

Trials. Introductions are normally made initially into
small scale experimental field trials. It is often assumed
that trials leave open the option of eradication if post-
entry evaluation indicates cause for concern (IUCN,
1987; Cronk and Fuller, 1995). However, such trials,
which are normal practice in forestry and agroforestry
introduction programmes, will provide only limited
information on invasive tendencies. Furthermore, to be
effective in controlling invasives, trials would need to be
heavily protected, isolated and closely monitored for
several years and in some cases decades; these conditions
are rarely met in practice. Trial assessments rarely look
at reproductive ecology or seed dispersal and
regeneration; there are many cases where a few trees
surplus to trial requirements are distributed to farmers;
often on-farm testing of species is recommended; often
trials remain in a neglected state long after assessment is
complete providing a long term source of possible

invasives (Sheil, 1994); for Leucaena species with their
abundant and precocious production of hard coated seed,
most trials will leave behind a soil seed bank that may
persist for many years; seedlings can emerge at least up
to seven (and probably more) years after seeding (Jones
and Jones, 1996); often seed is collected from trials by
experimental station workers or visitors to plant in other
areas or back in their gardens and farms. In Honduras
putative hybrids derived in this way from a species trial
have been observed growing on the farm of a station
worker 30km distant. Thus, although trials provide some
scope for monitoring and control, and should be pursued
with improved monitoring procedures, it is a fallacy that
movement of introduced species can be reliably
controlled at the stage of initial field testing of new
Leucaena species following current practice. Once
established Leucaena may be hard to control or eradicate
(Evenson, 1982; Sorensson, 1992b). Trees have the
ability to resprout after fire or other damage. Although
Leucaena species have highly palatable leaves, trees may
be remarkably persistent even when repeatedly grazed
close to the ground and are thus hard to control or
eradicate through grazing management.

Bruchid seed predators. Introduction of host-specific
seed destroying insects has been used successfully to
limit the spread of a number of economically important
invasive legume trees in South Africa, reducing the fear
that they will become unmanageably weedy and making
their continued planting and use acceptable (Neser and
Kluge, 1986). By reducing seed production below a
critical level, populations should eventually decline
reducing the ‘aggressiveness' of introduced species.
Effective seed predation of Acacia melanoxylon (Neser,
1996) and Prosopis species (Zimmermann, 1991), two
economically important alien invasives in South Africa,
has been achieved by introducing host-specific bruchid
beetles. A similar approach has been proposed for L.
leucocephala in South Africa (Neser, 1994; 1996; Tribe,
1995). A Leucaena seed feeding bruchid beetle
Acanthoscelides macrophthalmus  (Fig  8G), was
deliberately introduced to South Africa in 1989 for
specificity studies and in 1996 the South African Plant
Protection Research Institute applied for permission to
release it. The accidental introduction of A.
macrophthalmus to Queensland, Australia in 1996 (Jones,
1996), is viewed overall as a positive influence to restrict
further spread of Leucaena there (Jones and Jones, 1996).
Introduction of seed feeding bruchids might thus make
wide scale use of Leucaena more generally acceptable,
although the effectiveness of A. macrophthalmus in
reducing seed production remains to be assessed. In their
native ranges in Mexico and Central America, Leucaena
seeds are predated by seven species of bruchid in two
genera, Stator and Acanthoscelides (Section 7.3). While
the two species of Stator are known omnivores that feed
on a wide range of Mimosoid legume genera, the five
species of Acanthoscelides feed exclusively on Leucaena
and have not been recorded on any other host plant genus
(Hughes and Johnson, 1996). Although different species
of Acanthoscelides feed on different numbers of host
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plant species in their native range, host records cannot be
taken to indicate specificity elsewhere. However, A.
macrophthalmus is known to feed on seeds of 18
different species of Leucaena and may thus provide some
insurance against possible weediness of species other
than L. leucocephala in the future where it has been
introduced in Australia and South Africa. The
disadvantages of introducing seed destroying bruchids for
Leucaena seed producers are obvious. However, Neser
(1994; 1996) proposed that pods in seed orchards can be
readily protected from bruchids by insecticide treatment

(as pursued for Acacia mearnsii in South Africa) or, for
smaller quantities, by protecting individual branches with
sleeves until harvested. It has also been suggested that
greater control over seed production might encourage use
of improved genetic material.

Sterile varieties and hybrids. Another possible avenue
to avoid weediness is through genetic selection for low
seediness and ultimately through use of sterile hybrids.
This is discussed in detail in Sections 5.7 and 9.4.



Table 4 Summary of species characteristics

Species Max Tree Size Altitude (m) Cold Rainfall Drought Psyllid resistance Wood Heartwood Crude Condensed In vitro dry
ht(m) dbh(cm) (native range)" Ra!iing range Rating* Damage density’ %’ protein® tannin® matter
(mm)’ score  category’ g cm’ % leaf dry digestibility®

matter %

L. collinsii subsp. 5-15 20-40 450-800 (-1210) 0 800-1100 2 1-2 HR 0.75 45 21.1 0 55

collinsii

L. collinsii subsp. 6-15 20-40 110-600 (-900) 0 600-900 3 2-4 MR-MS 0.91 48 213 9 64

zacapana

L. confertiflora var. 3-5 10-20 (1500-) 1750-2430 2 7500-1000 23 71-3 HR ? ? ? ? ?

confertiflora

L. confertiflora var. 3-5 10-20 2000-2550 2 ?500-1000 2 1-3 HR ? ? ? ? ?

adenotheloidea

L. cuspidata 3-6 10-20  1600-2200 (-2400) 22-3 400-1500 71-2 7 MR-HR 7 ? ? ? ?

L. diversifolia 8-20 15-40 30-1500 (-1740) 1 1200-3500 0 2-5 MR 0.68 36 232 171 32

L. esculenta 12-20 30-60 (400-) 600-1800 2 800-1500 1 1-2 HR 0.7 0 18.9 323 37

(-2080)

L. greggii 3-7 10-20 500-1500 3 300-500 2-3 1-2 HR 0.71 ? 19.2 144 33

L. involucrata 3-7 10-20 400-1500 22-3 500-700 2-3 24-5 MS ? ? ? 7 ?

L. lanceolata var. 4-10 10-20 0-700 (-1100) 0 800-1200 1 4-5 MS 0.72 33 21.8 139 48

lanceolata

L. lanceolata var. 5-15 10-25 0-400 0 900-1500 1 3-4 MR 0.75 38 21.4 88 49

sousae

L. lempirana 8-18 20-40 150-500 0 1000-1500 1 5-6 HS ? ? 18.8 0 ?

L. leucocephala 3-8 10-20 0-250 (-500) 0 500-2000 1(-2) 5-9 HS ? ? ? ? ?

subsp. leucocephala

L. leucocephala 8-20 10-40 0-1000 (-2100) 0 650-3000 1-2) 5-9 HS 0.64 19 23.8 181 47

subsp. glabrata

L. leucocephala 3-8 10-20 1350-2000 0 2750-1200 1(-2) 24-5 MS ? ? ? ? ?

subsp. ixtahuacana

L. macrophylla 412 10-25 (20-) 500-1900 1 750-1600 1 3-5 MS 0.69 21 224 118 40

subsp. macrophylla




Species Max Tree Size Altitude (m) Cold Rainfall Drought Psyllid resistance Weed Wood Heartwood Crude Condensed In vitro dry

ht(m)/dbh(cm) (native range)" Rating range Rating* Damage risk® density’ %’ protein® tannin® matter
(mm)? score/category’ g cm? % leaf dry digestibility®
matter %
L. macrophylla 5-18 10-35 0-400 (-1500) 0 800-1200 1 3-5 MS 1 0.64 39 23.1 103 43
subsp. istmensis
L. magnifica 10-20  20-50 600-950 0 800-1000 1-2 45 MS 1 0.83 37 212 0 52
L. matudae 6-10 15-30 500-860 0 500-750 3 1-2 HR 0 0.58 0 173 300 40
L. multicapitula 15-25  25-60 100-200 (-400) 0 1000-2500 0 5-7 HS 1 0.56 40 25.8 62 42
L. pallida 4-20 10-45 (850-) 1300-2200 2 500-1000 1-2 1-5 HR-MR 1 0.67 0 ? ? ?
(-2480)
L. pueblana 3-15 5-25 580-2000 0-1 400-750 3 1-2 HR 1 ? ? ? ? ?
L. pulverulenta 5-15 10-25 0-1400 (-1850) 2 600-1200 1-2 4-7 MS-HS 1 0.65 50 18.8 237 28
L retusa 3-5 5-15 400-1900 3 400-800 2 1-2 HR 0 0.73 ? 19.7 298 54
L. salvadorensis 10-22  20-70 (150-) 300-800 0 800-2000 2 3-5 MS 0 0.81 56 20.5 40 50
(-1080)
L. shannonii 4-10 10-35 (5-) 400-1000 0 800-1400 1-2 3-5 MS 1 0.86 50 24.7 54 59
(-1450)
L. trichandra 3-20 5-40 (200-) 700-2000 1 1100-2000 0-1 1-6 HR-MS 1 0.7 45 18.6 208 (range 30
(-2500) 0-495)
L. trichodes 8-15 20-35 0-1500 (-2300) 0 500-1200 1-2 3-5 MS 1 0.63 40 22.8 18 46

! Based on herbarium specimen records - range and extremes (outliers) based on frequency distribution of specimens

20 = tropical, no cold or frost tolerance; 1 = cool tolerance, tropical highland but no frost tolerance; 2 = slight frost tolerance, withstands occasional light frosts; 3 = frost tolerant, withstands regular
moderate frosts down to -15°C

? Estimated from seed collection site data

* Drought tolerance categories based on mean annual rainfall and length of dry season within native range: 0 = intolerant; 1 = 1000-1500mm with 3-4 month dry season; 2 = 750-1000mm with 4-6 month
dry season; 3 = 500-750mm with 6-7 month dry season

5 Range in psyllid damage score: 1 = no damage - 9 = blackened stems with total leaf loss (Wheeler, 1988) and psyllid resistance category following Mullen et al. (1996; 1997): HR = highly resistant;
MR = moderately resistant; MS = moderately susceptible; HS = highly susceptible

& Weediness risk: 0 = lower risk; 1 = significant risk; 2 = risk as for L. leucocephala; 3 = known weed (L. leucocephala subsp. leucocephala).

7 Wood density and heartwood data means of one-several accessions at 5 years derived from Gourlay et al. (in press); wood density of L. greggii and L. retusa at two years from Stewart et al. (1993)
8 Leaf quality data are from Stewart and Dunsdon (in press), averages of one-several accessions; condensed tannin measurements are max absorbance (optical density) at 540-560 mm per g dry matter
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4 Ethnobotany and Indigenous Domestication

4.1 Sources of ethnobotanical data

Ethnobotany is the study of plant-human interactions and
dependencies (Bye, 1993; Martin, 1995). It involves
study of the biological, ecological and cultural bases of
plant-human interactions over evolutionary time and
socio-economic space. The rich cultural diversity and
floristic wealth of Mexico and Central America has led
to highly diverse and intricate plant-human interactions
(Bye, 1993). There are three main categories of
ethnobotanical data that provide evidence about the
extent and importance of the food use of Leucaena:

» Present day use of unripe pods and seeds of
species provides the most comprehensive,
detailed and directly observable source of
ethnobotanical data.

» Vernacular names and indigenous
classification systems (folk taxonomies) provide
a wealth of additional data on species
characteristics and uses, and insights into the
cultural significance and perception of Leucaena
species.

» Archaeological and historical evidence
provide data on prehistorical and historical use
and importance of Leucaena as a food.

Within Mexico, and parts of Guatemala, use of Leucaena
has concentrated not on the familiar leaf and wood
products (Chapter 3), but on the unripe pods and seeds
(Figs 22 and 9B-E), and to a lesser extent flower buds
and galls, which are used as minor food plants for human
consumption. Throughout south central Mexico and north
west Guatemala unripe pods are harvested, shelled and
the seeds either dried or eaten raw, cooked, or added
fresh to cooked food. Unripe pods are a common sight in
markets in this region. The Spanish name for Leucaena
iS guaje, derived from the indigenous nahua name
Huaxin. ‘Guaje’ may be used simply as a name, but
‘guajes' may also be used to refer to ‘pods’ or ‘trees’
of Leucaena; a ‘guajal® is an ‘orchard' of Leucaena
trees.

The use of the unripe seeds of species of Leucaena for
food was noted in the earliest sixteenth century
ethnobotanical documents of the Spanish conquest of
Mexico (reviewed by Zarate, 1997) and by early
botanical expeditions to the region (e.g. Sessé and
Mocifio, 1792, published 1894), and has been
subsequently documented on numerous occasions (e.g.
Standley, 1922; Whitaker and Cutler, 1966; Smith, 1967;
Zarate, 1984a; 1984b; 1987a; 1994; 1997; McVaugh,
1987; Ramirez, 1991; Casas, 1992; Casas et al., 1994;
Casas and Caballero, 1996). However, more detailed

published data on the use, classification and indigenous
domestication of Leucaena species in Mexico are limited
to three studies: La Montana, Alcozauca, Guerrero
(Casas, 1992; Casas et al., 1994; Casas and Caballero,
1996), San Pedro Chapulco, Puebla (Zarate, 1984b) and
the Tenejapa municipality of the Tzeltal region, Chiapas
(Berlin et al., 1974). These studies, in common with
many ethnobotanical inventories, adopted a geographic
focus, working in a limited area and within a single
linguistic group. Here, I take a different approach to
examine the ethnobotany of the genus Leucaena as a
whole throughout its native distribution in Mexico and
Central America. My aim is not to provide an exhaustive
inventory or review, but rather an overview and
assessment of published and new ethnobotanical data in
the context of indigenous domestication and its probable
influences on genetic resources.

Alongside published studies, new data on current use and
marketing have been gathered and recorded during more
than a dozen collection expeditions by the author to
many parts of Mexico and Central America. Informal
interviews with farmers, those harvesting and processing
Leucaena pods and vendors in local and regional markets
were conducted whenever the opportunity arose.
Vernacular names were sought and recorded from local
informants during all collection activities and were
augmented by the large number of names recorded on
herbarium labels. More systematic surveys were carried
out in three villages where significant numbers of species
occur together in cultivation: Santiago Acatepec, San
Pedro Chapulco and Santa Catalina Oxolotepec, all in
Puebla, central Mexico. Species identities, local names,
uses, characteristics and preferences were recorded in
detail in these villages. Formal quantitative surveys of the
volume and value of the guaje trade in Mexico were not
feasible given the time and resources available. Nor has
it been possible to see and verify the identities of the
plant remains retrieved from archaeological excavations
of cave settlement sites except from published
photographs  (Smith, 1967: 241; 1986: 269);
archaeological evidence cited here is derived solely from
the published literature.

4.2 Present day use

Current practices of exploitation and management of
Leucaena species in Mexico, because they can be
observed and surveyed directly, provide the most
detailed, informative and complete source of
ethnobotanical data. Current use of partially domesticated
taxa may also provide insights into past use and the
likely progression of domestication. However, significant
changes in the perception and use of food plants through
time mean that the current picture may not be an
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accurate guide to the past. Transition from hunter-
gathering to settled agriculture has undoubtedly resulted
in a radical shift in diet ‘and drastic changes in the
importance of particular species (Bye, 1993). For
example, acorns (Quercus), mesquite pods (Prosopis),
nopales (Opuntia) and maguey (Agave) which were staple
foods of hunter-gatherers in south central Mexico
between 9,000 and 5,000 BC (MacNeish, 1967; Smith,
1967; Flannery, 1986), are now only minor components
used to supplement new staples such as maize (Zea
mays) and beans (Phaseolus). Seeds of Leucaena species,
like other adventive, undomesticated or incipiently
domesticated food plants (see below) might thus be
expected to be less important now than in the past. Thus
present day use, although highly informative, provides
only a partial picture and must be assessed along with
other evidence from indigenous classification systems and
archaeology.

Seeds of 13 of the 22 species of Leucaena are used as
food (Table 5). Food use is prevalent throughout south
central Mexico and in the north west fringes of
Guatemala, mainly in Huehuetenango (Fig 6) and is
particularly common and intensive in the States of
Chiapas, Oaxaca, Puebla, Guerrero and Morelos. Further
north, seeds of a few species, and particularly L.
leucocephala, are harvested and eaten sporadically.

Unripe pods of different species are harvested at different
seasons (Table 5) by climbing trees and lopping the
terminal branches or groups of pods, often crudely, with
machetes, small knives or cutting poles (Fig 9A). Annual
pollarding in this way apparently causes only limited
damage to the trees which resprout and fruit annually.
Unripe pods are often sold directly without further
processing (Figs 9D and E). Alternatively the pods are
shelled, sometimes where they are collected (Fig 9C) or
back at home (Fig 9B) to remove the unripe green seeds
which are then dried, stored and used for home
consumption or transported, sometimes long distances,
and sold in local and regional markets. Seeds may be
eaten raw, are casually consumed during outdoor work
and often added as a garnish to cooked food. Rural
restaurants often provide guajes along with chile, salt and
pepper. Alternatively seeds are cooked in stews or mixed
with beans and maize tortillas. Milling of dried seeds to
produce flour for making guaje ‘fortitas " has been noted
in parts of Guerrero by Casas (1992) and Casas and
Caballero (1996). Although the seeds are by far the most
important edible part, young leafy shoots, flower buds,
open flower heads, and galls ( ‘polochoco *; Casas, 1992)
of Leucaena are also harvested and consumed raw or
cooked on a small scale in some areas (Casas, 1992;
Casas and Caballero, 1996).

Although there are no quantitative assessments of the
volume of pods and seed harvested nor of the volume
and value of the guaje trade, it is clear that large
quantities are collected and marketed. I observed a store
containing more than 150 ‘quintal’ (=100kg) sacks of
dried seeds of L. esculenta in Teloloapan, Guerrero in

1987, and individual farmers report harvesting several
100 kg of seed per year around San Martin Pachivia,
Guerrero. Flannery (1986) measured the potential
production of guajes, in this case L. pallida, from dry
thorn scrub forest around Mitla, Oaxaca and found 1.4
trees/100m*> which yielded an average of 19,910
pods/ha/yr or 24.9 edible kg/ha/yr of seeds.

As pointed out by Xolocotzi (1993: 734), the "market is
one of the most impressive survivals of ancient Mexico"
and market surveys are an informative source of
ethnobotanical data on Leucaena pod and seed
consumption. Leucaena pods are sold in markets
throughout south central Mexico and in all markets in
inland regions of Oaxaca, Puebla and Guerrero (Figs 9D-
E). Pods of different species are sold at different times of
year according to production season, and often more than
one species may be sold at the same season. In large
markets such as Oaxaca or Tehuacan, pods of L.
leucocephala are available throughout the year.

In Central America, food use is virtually unknown except
close to the Mexican border in Guatemala. Hence the
species restricted to Central America (L. lempirana, L.
magnifica, L. multicapitula, L. salvadorensis and L.
shannonii) have no recorded use as food. Nevertheless,
most of the Central American species are highly valued
for their wood products including fence posts, house
corner posts, and firewood, and trees of several of these
species are protected when land is cleared (Figs 8A and
10B) and may be cultivated on a limited scale. For
example the wood of L. salvadorensis is preferred by
farmers for house corer posts, fence posts and firewood
over most other species (Colindres et al., 1995), and
certainly over the introduced L. leucocephala, in parts of
southern Honduras. Natural regeneration of L.
salvadorensis is protected in fields and mature trees
managed by lopping and pollarding in traditional
agroforestry systems (Hellin and Hughes, 1993).
Similarly, in parts of northern Honduras L. lempirana is
sometimes protected and managed in fields when most
other tree species are cleared for pasture. Like L.
salvadorensis, the wood of L. collinsii subsp. zacapana
is dense and produces a high percentage of heartwood at
an early age (Stewart et al., 1993; Pottinger and Hughes,
1995; Gourlay et al., in press), properties which again
make it particularly valuable to farmers and local
communities in south eastern Guatemala. Again in these
areas it is common to find trees protected and managed
in traditional agroforestry systems, either scattered in
crop land or as short rotation coppice in bush-fallow.
Finally, trees of the highly restricted and endangered L.
magnifica (Chapter 8; Section 11.12) are also protected
in fields, again as a source of high quality wood
products, but in this case also for soil improvement.
Farmers in parts of Chiquimula, Guatemala (e.g. around
Quetzaltepeque, Yerbabuena and El Rinc6n) apparently
maintain trees of L. magnifica in their fields specifically
to enrich their soil, claiming that the leaf fall from trees
is a rich fertilizer. Thus, even in Central America, where
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Table 5 Present day use of Leucaena species as food plants

Species and Production Harvesting Marketing Cultivation and Wider translocation
principal season management
vernacular
names
L. collinsii December - Throughout Local and transported Cultivated in Limited
March the central to neighbouring backyards and
guash, chalip depression highland market towns  informal guajales
of Chiapas e.g. San Cristobal de throughout central
las Casas and depression of Chiapas
Tenejapa, Chiapas;
Todos Santos
Cuchumatanes,
Huehuetenango,
Guatemala
L. confertiflora July-August Locally Limited to local Cultivated in small Limited to villages
intensive markets e.g. Tehuacan  guajales in a few adjacent to natural
guaje Zacatzin, from San Pedro villages e.g. San populations e.g.
guaje de cerro Chapulco Pedro Chapulco and San Pedro
Santa Catalina Chapulco and
Oxolotepec, Puebla Santa Catalina
Oxolotepec, Puebla
L. cuspidata (August-) Locally Limited to local Very occasionally in Very limited
September - intensive markets e.g. backyards e.g.
efé, October Ixmiquilapan, and Cardonal and Jacala,
efé de Cerro Zimipan, Hidalgo from  Hidalgo
Cardonal and
Tolantongo
L. diversifolia November - Local and Very limited and local ~ Sporadically but Limited, possibly
February sporadic mainly as coffee introduced for
guaje chiquito shade in Veracruz coffee shade
and Chiapas
L. esculenta (December-)  Very Marketed almost Very widely in Very widely,
January - widespread throughout Mexico. In  backyards, fields and natural range now
guaje rojo, guaje  February and intensive  all local and regional guajales throughout obscured due to
colorado (-March) markets throughout south central Mexico wide cultivation
south central Mexico and sporadically (Section 11.5)
and in Mexico City elsewhere
L. lanceolata November - Local and Not known, possibly Rarely and locally Not recorded
January sporadic local e.g. San Mateo del
gugjillo Mar by the Huave
indians (Zizamba and
Colunga, 1982)
L. leucocephala  Year-round, Widespread Widespread throughout ~ Very widely Very widely,
soil moisture  and intensive  Mexico and often throughout Mexico natural populations
Guaje verde, permitting transported long in backyards and unknown
guaje de castilla distances e.g. from guajales, except
Tehuantepec to Oaxaca  where frost prohibits
and Mexico City growth
L. macrophylla December - Local and Limited and largely Limited Very limited
March sporadic local
guaje amarillo,
guaje de caballo
L. matudae (September-)  Locally Not known Not recorded Not recorded
October - intensive
guaje brujo December around
Mezcala,
Guerrero
L. pallida (June-) July Widespread Widespread in local Widely in Oaxaca Probably widely
-October - and often and regional markets and Puebla in distributed; natural
guaje colorado, (-November) intensive throughout Oaxaca and  backyards, guagjales range obscured by

guaje delgado

Puebla

and on terrace
boundaries

cultivation
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Species and Production Harvesting Marketing Cultivation and Wider translocation

principal season managerment

vernacular

names

L. pueblana November - Local and Not recorded Not recorded Not recorded
December sporadic

guaje

L. pulverulenta (June-) July Local and Limited and largely Limited and sporadic ~ Uncertain but
- September sporadic local probably moved to

guajillo new areas

L. trichandra (October-) Local and Local markets only Limited, sporadic and  Not recorded
November - sporadic local

Sasib (Tzeltal) February

food use is not known, local species of Leucaena are
well known and often highly preferred by farmers and
rural communities who protect and manage them in
traditional agroforestry systems.

4.3 Indigenous management and cultivation

The intensity of use of Leucaena for food varies greatly
from area to area and for different species (Table 5) from
casual gathering of pods from nearby wild populations
(Fig 9B) for home consumption, to intensive harvesting
of commercial quantities, often accompanied by
cultivation in informal orchards or ‘guajales’, and
storage and transportation of pods and seeds for sale in
local and regional markets. This variation in intensity of
use is not readily categorized, but rather represents a
continuum of increasing human intervention. The
informal categories discussed below are thus arbitrary
and overlapping; species, such as L. esculenta, which are
intensively cultivated may also be the focus of casual
harvesting from natural populations in the same area
(Casas and Caballero, 1996).

Harvesting from wild populations. At one extreme pods
are gathered from natural populations close to settlements
and consumed locally. For species such as L. cuspidata
and L. matudae this represents the full extent of their
use. Pods of these species are rarely marketed, and then
only in nearby market towns. Although such harvesting
of pods can be locally very intensive, these species have
been subject to only minimal management or alteration.
In a few areas, trees are protected, encouraged and
retained after land is cleared, but are rarely cultivated and
then as individual trees in backyards and gardens (e.g. L.
cuspidata in Cardonal and near Jacala, Hidalgo).

Protection and local cultivation and management.
Species such as L. collinsii and L. confertiflora are used
more intensively. For example, L. collinsii is widely
cultivated throughout the central depression of Chiapas,
often in small informal orchards or guajales and pods are
transported over a wide area for sale in regional market
towns up to 100km distant (e.g. markets of San Cristobal
de las Casas and Tenejapa in Chiapas and Todos Santos

de los Cuchumatanes in the highlands of Huehuetenango,
Guatemala). Cultivated trees are derived from local wild
populations and longer distance translocation does not
appear to have occurred. The cultivation and use of L.
confertiflora was studied by Zarate (1984b) in San Pedro
Chapulco, Puebla. He showed that it is cultivated in
small guajales in certain villages such as Chapulco (Fig .
9F) and Azumbilla. L. confertiflora is also cultivated in
other villages, such as Santa Catalina Oxolotepec, in the
same region. Trees were established in these villages
from material derived from wild populations nearby
(<5km distant); pods are marketed up to 20km away in
Tehuacan. Although the trees are in cultivation, pods of
these species continue to be harvested from nearby wild
populations as well.

Intensive cultivation and management. Three species,
L. esculenta, L. leucocephala and L. pallida are much
more widely and intensively used. Pods and seeds of
these species are harvested on a large (commercial) scale
and marketed (Figs 9D and E) regionally and in cities
several hundred kilometres distant from areas of
production. All three species are widely and intensively
cultivated in backyards and fields, often in more or less
formal orchards or guajales (Figs. 9F and G, 10C and
D), sometimes on high quality agricultural land and even
on irrigated land in some areas e.g. the extensive L.
esculenta and L. leucocephala guajales of the Tehuacan
Valley (Fig 9G). In some areas these species are so
abundant as to form the dominant tree component in
many villages, towns and traditional agroforestry systems
(Fig10 D). All three species have apparently been widely
introduced to new areas in Mexico outside, and often
distant from, natural populations.

L. esculenta, the guaje rojo or ‘red-podded Leucaena’
(Figs 9 and 22C), is perhaps the most widely used, best
known and studied species in terms of food use. Most
historical reports which describe food use refer to this
species (Zarate, 1997). This intense use has generated the
greatest diversity of processing, storage and cooking
methods as well as management and cultivation systems
of any species. Casas (1992) and Casas and Caballero
(1996) studied the use, cultivation and management of L.
esculenta (and other species) in La Montafa area,
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Alcozauca in north west Guerrero. They showed that in
that area pods are harvested from remnant natural
populations, highly modified semi-natural populations,
where guaje trees have been actively protected following
clearance of forest for agriculture, and from cultivated
trees in backyards and formal guajales. Such systems of
management form part of a "diversified strategy of
subsistence ....... integrating different forms of plant
manipulation” (Casas and Caballero, 1996). This study
mirrors the wider picture for L. esculenta which is
extensively cultivated throughout south central Mexico.
It is also clear from the occurrence of isolated, often
solitary, cultivated trees scattered across Mexico in
outlying areas (e.g. in Guaymas, Sonora; Lagunita,
Hidalgo; Tuxtla Gutierrez, Chiapas; Fig 33), that L.
esculenta has been and continues to be introduced into
cultivation in new areas, often involving translocation
over long distances (up to several 1000 km), driven by
the continued interest in pod production in areas where
it is currently not found. Single isolated individuals,
introduced into cultivation often do not produce pods,
presumably due self incompatibility (Sorensson, 1993).

The characteristics and distribution of L. pallida, guaje
colorado or guaje delgado, the ‘coloured or narrow-
podded Leucaena' (Figs. 22D and 54) are very similar
to those of L. esculenta and it is also widely used and
cultivated, especially in Oaxaca, Puebla and parts of
Guerrero, often on terrace boundaries (Fig 9F). As the
vernacular name suggests, pods of L. pallida are also
coloured (reddish purple), but are narrower with smaller
seeds than L. esculenta. It complements L. esculenta in
two ways. Firstly, it withstands light frost (Chapter 3)
and can be grown at slightly higher elevations. Secondly,
the season of production (July - November) precedes and
complements that of L. esculenta (December - February).

Several characteristics of L. leucocephala, guaje verde or
guaje de castilla, the *‘green-podded Leucaena’ (Figs.
9D and 22A), make it a particularly attractive species for
production of edible seeds. Firstly, unlike other species,
it fruits virtually throughout the year, where soil moisture
permits (Gonzalez et al., 1967), thereby overcoming the
seasonality of other species. Secondly, it produces very
large quantities of seed, partly because of its year round
fruiting, but also because of its heavy pod and seed set.
It is quite common to find 5-15 pods per flower head (in
extreme cases there may be up to 45), each with 15-20
seeds. Heavy pod set has been attributed to known self
compatibility (Brewbaker, 1983). This means that even
isolated individual trees may produce heavy pod crops
and may be sutficient to supply household requirements
for guajes. Finally, the seeds of L. leucocephala are
almost as large as those of L. esculenta and are preferred
because they are ‘sweeter” than those of most other
species. These attributes mean that L. leucocephala is
now the most widely cultivated species of Leucaena in
Mexico (Fig 44). It is found throughout Mexico below
2000 m elevation and there are few villages or towns
without at least a few trees. Spread of cultivation
continues even today with the establishment of new

guajales (e.g. 1.5 ha in Santiago Acatepec, Puebla in
1992). Attempts to establish L. leucocephala at or beyond
its drought and cold tolerance limits (e.g. by watering
trees in dry areas or using potted trees to protect from
frost as in villages in southern Puebla), are evidence of
the strong desire and drive to cultivate this species.

There is only limited evidence to suggest that the genetic
composition of populations of Leucaena species has been
modified following passive or active selection to any
significant degree. The only published study which
looked for variation caused by selection within species is
that by Casas and Caballero (1996) who measured
phenotypic variation in pod characteristics in wild,
managed and cultivated populations of L. esculenta near
Alcozauca, Guerrero. They found high awareness of, and
well developed cognitive systems to describe,
infraspecific variation in pod and seed characters amongst
local people (see below), indicating a potential for
selection. They also found that pods from trees in
managed and cultivated populations were significantly
larger, with more seeds per pod, than pods from trees in
wild populations. This study suffered from lack of
control over site parameters (cultivated trees are
generally on better sites) which provide an equally
probable explanation for the variation encountered. Proof
of genetic modification would require analysis of genetic
diversity using molecular markers and/or common garden
field experiments. Further than this, there is no evidence
from archaeological remains to indicate modification of
pod or seed size through time (see below).

4.4 Vernacular names and classification

Understanding the traditional names and classification
systems of Leucaena species is a basic step in elucidating
their significance and cultural perception in societies
which use and cultivate them for food. Full linguistic
analysis of all the vernacular names and folk taxonomies
of Leucaena is beyond the scope of this chapter. There
are 120 indigenous languages in Mexico, 54 of which are
currently used (Bye, 1993), and around half of which
probably have names for Leucaena  species.
Documentation of cognitive systems for Leucaena is
therefore a large and on-going task. Martinez (1979)
records 42 common names for Leucaena; at least 150
different vernacular names for Leucaena species have
been recorded somewhere (a list is available from the
author). This is a large number, for a genus of only 22
species. This reflects firstly, the cultural and language
diversity across the range of Leucaena; some of the
many different names for the same species are simply
translations from other languages. Secondly it reflects the
significance and importance of Leucaena as perceived
throughout the region. In this section, two published
indigenous classifications are discussed as examples of
the importance/prominence of Leucaena species and
indigenous recognition and awareness of species
diversity, and the derivations of names are examined to
see what can be learned about local perceptions.
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It is well established that, in general, the number of folk
names within a genus increases as one moves along the
cultural significance continuum of ‘useless - significant -
protected - cultivated® (Berlin et al., 1974; Berlin, 1992;
Bye, 1993). Plants which are highly important may be
lexically highly differentiated. At the extreme, folk
taxonomies of certain food and medicinal plant groups
may be ‘over-differentiated” with recognition of entities
within species that are not recognized by formal botanical
taxonomies. In addition to assessing the degree of
sophistication of Leucaena folk taxonomies, vernacular
names may be interpreted and assessed in terms of their
derivations and meanings, again in the context of
evidence for food use and cultivation of Leucaena.

Hierarchical systems which employ vernacular generic
names for Leucaena and which are subdivided into
mutually exclusive lexemes corresponding to species
have been documented for several ethnic groups and
languages in Mexico. The Spanish generic name guaje,
derived from the nahua name huaxin, is now very widely
used throughout Mexico and parts of Central America in
parallel to names in local languages. The numerous
equivalents of guaje in local languages include: nduva
(mixteco), huaxin (nahua), laa (zapotec), napajteam
(huave), thitk (huastec), sasib or shasib (tzeltal), chali or
chalip (maya; Huehuetenango, Guatemala), uaxin or
uaxim (maya; Yucatin, Mexico), tze (mazateco), liliak
(totonaco) and na sa (hapaneco). Guaje, although most
widely applied to species of Leucaena, is also sometimes
applied to species of other legume genera such as Acacia,
Albizia, Calliandra, Desmanthus and Desmodium (Berlin
et al., 1974; Casas 1992; Luckow, 1993). Unripe pods
and seeds of several species of Desmanthus (D.
Sfruticosus, D. pumilus var. pumilus and D. virgatus) are
also used for tood (Casas, 1992; Luckow, 1993).

Two species level classifications of Leucaena are
presented in Figure 5. It is immediately apparent that
these classifications are highly differentiated at species
level. The tzeltal classification (Berlin ef al., 1974) shows
that Leucaena is finely divided compared to the other
genera placed within sasib even though only one species
(L. trichandra) is common in Tenejapa. The other two
species of Leucaena are occasionally cultivated at lower
elevations within the area but their pods are often
imported trom adjacent areas and sold in the markets of
Tenejapa and San Cristobal de las Casas. In contrast to
the well known food use of all three species of Leucaena
in Tenejapa, no cultural utility is known for Acacia
angustissima, nor any of the three species of Calliandra
(C. calothyrsus, C. grandiflora, C. houstoniana). The
differentiation of Leucaena is thus a fine division
indicative of intimate use compared to the other genera,
which are botanically distinct and easily recognized, but
which are closely related in tzeltal thinking in that they
share similar shrubby habit, finely divided leaves, ruderal
habitats and ecology, attributes which may have been the
basis for their grouping (Berlin e al., 1974).

The mixtec classification of Leucaena trom Alcozauca,

Guerrero (Casas, 1992; Casas and Caballero, 1996) is
even more finely divided. Not only are species of
Leucaena recognized using mixtec names, but four, albeit
not mutually exclusive, infraspecific categories are
recognized within the widely cultivated and intensively
used species, L. esculenta. Again these are fine divisions
indicative of intensive use and management as observed
by Casas (1992) and Casas and Caballero (1996).

Given the widespread use of Leucaena seeds and pods
for food, it is not surprising that the majority of
vernacular names for species of Leucaena are derived
from pod characteristics including size, shape, colour and
season of production (Fig 22). Pod colour is the
commonest trait that is used by local people to
distinguish and name species as e.g. guaje colorado, rojo,
verde, blanco, amarillo (coloured, red, green, white,
yellow). Pod size is the second most important trait
determining species recognition and names: e.g. guaje
delgado (= narrow podded); guaje chiquito, gudjillo,
guajito, guachito, guashillo, frijolillo are all diminutive
terms that are used for species with small pods (e.g. L.
diversifolia, L. trichandra, L. macrophylla, L.
pulverulenta and Desmanthus virgatus); paka sasib (=
bac’il sastb but with broader pods) (Berlin et al., 1974);
guaje de raton (= ‘Leucaena of the mouse’ again in
reference to the very small pods of Desmanthus
Sfruticosus and D. pumilus var. pumilus, Figs. 22G and
H). Complete lack of pod production by sterile hybrids
between L. leucocephala and L. esculenta is well known
amongst local guaje growers and users, who refer to it as
guaje macho, the ‘male Leucaena® (Hughes and Harris,
1994). Because of the lack of pod production, trees of
this hybrid, where they arise, are often rogued by ring
barking or cutting. The mixtec categories used to
describe infraspecific variants within L. esculenta (Casas
and Caballero, 1996) (Fig 5), refer not only to pod size,
but also to flavour. Another example is guaje manso (=
gentle/meek/mild/tame) which refers to the mild flavour
of the seeds of L. leucocephala in Veracruz.

In addition to pod characteristics, indigenous names also
reflect a strong awareness of other species characteristics
and often indicate a clear differentiation between wild
and cultivated or introduced species. Examples include
references to where species grow (guaje del rio for L.
diversifolia which grows near rivers or guaje de tierra
caliente for L. leucocephala in Hidalgo which grows at
lower, warmer elevations than L. cuspidata). Awareness
of season of production is also reflected in some
vernacular names. For example lya gusgih (Zapoteca de
Mitla) = guaje de lluvias = rainy season guaje (Zirate,
1994). References to cultivated/introduced status are also
frequent indicating the importance and significance of
cultivation in local perceptions. For example: huash de
castilla (guaje de castilla) meaning literally ‘Castilian*
(Spanish) Leucaena implying introduction from the
‘home country® = L. leucocephala in Chiapas where it
is widely cultivated vs huash or huash de monte meaning
‘wild (from the forest/scrub/wild country) Leucaena® =
L. collinsii subsp. collinsii, the native Leucaena in this
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area. Similarly, guaje de castilla = L. leucocephala vs
guaje de indio = Indian Leucaena = L. lanceolata/L.
macrophylla in  coastal Guerrero, or guaje de
cerro/guache de cerro, efé de cerro = mountain or ‘hill
Leucaena® = L. cuspidata or L. confertiflora vs guaje de
huerta = ‘orchard Leucaena’ ie. cultivated = L.
leucocephala, or occasionally Leucaena hybrids, which
are cultivated in guajales in. backyards and around
villages in parts of Hidalgo or Puebla. Finally, Zirate
(1997) refers to L. leucocephala as the ‘ domestic guaje’
from the name calloaxin derived from the Nahuatl calli,
meaning house.

4.5 Archaeological and historical evidence

Evidence of the origins and prehistory of plant use and
domestication rests with archaeological studies. Leucaena
remains, in the form of seeds and pod fragments, have
been found during archaeological excavations of a
number of prehistoric cave settlement sites in Mexico.
These include the Diablo and Lerma caves in the Sierra
de Tamaulipas, Tamaulipas (MacNeish, 1967), several
caves (Coxcatlan, El Riego, Venta Salada, Palo Blanco
and Purrén) in the Tehuacan Valley, Puebla (Smith,
1967) and the Guild Naquitz cave near Mitla, Oaxaca
(Flannery, 1986; Smith, 1986) (Fig 6). All these sites are
rich in botanical remains which are well preserved and
largely identifiable, providing chronologies of debris
resulting from plant use. The five major caves of the
Tehuacan Valley provide the longest and most complete
and continuous chronologies, spanning a 9000 year
period; in short, they provide an uninterrupted history of
the use of plants from 7000 BC to 1540 AD, a period
spanning the transition from a gathering economy reliant
on wild food plants to an agricultural economy based on
domesticated crops. Leucaena remains were found in all
the Tehuacan Valley cave sites, the earliest dating from
the El Riego Phase (6800 - 5000 BC) and increasing in
abundance during the Santa Maria Phase (900 - 200 BC).
Pod fragments were identified as L. esculenta (from 900
BC) and L. pueblana (Smith, 1967). Without more
detailed study of the plant material in the light of current
taxonomy and knowledge of the species now found in the
area, it is not clear whether some remains are attributable
to any of the other species of Leucaena now found in the
Tehuacan Valley (L. leucocephala in the lower valley
and L. pallida and L. confertiflora at higher elevations).

The marked increase in frequency of pods during the
Santa Maria Phase (900 - 200 BC) has been interpreted
as corresponding to the start of cultivation of Leucaena
in the Tehuacan Valley (Smith, 1967). Given that L.
esculenta and L. leucocephala are widely cultivated for
pod production in traditional agroforestry systems in the
Tehuacan Valley today (Fig 9G), this seems a reasonable
hypothesis. Although Leucaena tragments were always
present, they were never as abundant as staple foods, and
seeds of Leucaena probably formed a small, but constant,
element in the diet (Smith, 1967). Leucaena may be
compared with other species which were used in similar

ways, forming important dietary elements and which
were simultaneously a wild food source and increasingly
grown in cultivation. These include mesquite pods
(Prosopis laevigata); huizache pods (Acacia farnesiana
and A. sericea); nopales (pads) and tuna (fruits) (Opuntia
spp.); maguey (food and fibre) (Agave spp.), amongst
many others (Smith, 1967).

The Guild Naquitz cave, near Mitla, Oaxaca, was a much
smaller, seasonally occupied ‘micro-band®, or family
settlement, with a short but informative chronology from
8750 - 6670 BC (Flannery, 1986). Leucaena pod
fragments were found in all time zones of the excavation
with between 5 and 247 pods in any one zone (Smith,
1986). These pods appear to be of L. pallida, but
identification remains to be confirmed. Flannery (1986)
attempted a crude assessment of the relative importance
of different foods in the archaic forager diet based on the
relative proportions of plant remains found in the Guila
Naquitz cave and on the relative abundance of plant
species in the neighbouring natural vegetation. He
concluded that Leucaena seeds were a regularly used, but
never abundant food source, with hypothetical daily
intakes of 50-100 g per day during the production season
from July to September. Despite this low intake,
Flannery (1986) postulated that Leucaena seeds formed
an important source of protein - providing 3-8% of daily
protein intake - making them the third largest protein
source after acorns (Quercus) and nopales (Opuntia).
Given that Leucaena seeds are often eaten raw on the
spot during present day foraging trips, their abundance in
the cave may be an under representation of their
significance in the diet (Flannery, 1986).

Archaeological data provide evidence to suggest that
Leucaena seeds have provided a minor, but constant and
reliable, food source for at least the last 7000 years.
Increased trequency of pod fragments between 900 and
200 BC is possibly indicative of cultivation of Leucaena
in the Tehuacan Valley 2000 years ago. Despite this long
history of use, the record of pod fragments and seed of
Leucaena over time provides no evidence, such as an
increase in seed or pod size indicative of selection. In the
case of Leucaena, cultivation has apparently preceded
genetic change with a long period between first
experimentation, cultivation and further domestication.

Documented historical evidence of the importance and
prominence of Leucaena species was thoroughly
reviewed by Casas (1992) and Zarate (1997). Illustrations
and references to Leucaena and use of pods and seeds
for food arc abundant from the earliest glyphs to the
records of the Spanish conquistadors. Although the
Spaniards noted the wide food use of Leucaena across
south central Mexico in sixteenth century accounts, and
recorded Leucaena in cultivation, they apparently largely
ignored Leucaena as a source of food for themselves.
Traditional use was allowed to continue apparently
largely unaffected by the conquest (Zarate, 1997).
Leucaena provides the derivation of numerous place
names including: the State and city of Oaxaca itself
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1974)

Figure 5 Indigenous Classifications of Leucaena

——— bac'il sasib = 'genuine' sasib = Leucaena trichandra

paka sasib = bac'il sasib with broader pods = Leucaena collinsii

L K'usbalil sasib = edible sasib = Leucaena leucocephala

sakil c'ic ni sasib = Acacia angustissima
c'ic ni sasib ——[
cahal c’ic ni sasib = Calliandra spp

Sasib

p'arp as pat sasib = Lysiloma spp

cis te sasib = Acacia pennatula

Nduva —|
Guaje

Tzeltal classification of Leucaena species in the Municipality of Tenejapa, Chiapas (modified from Berlin ef al.,

— nduva cuaa na nu = guaje ancho
= wide podded 7. esculenta

— nduva cuaa cuali = guaje pequeno

— nduva cuaa = guaje rojo— = small-podded L. esculenta
='red-podded Leucaena’ |— nduva cuaa bishi = guaje dulce
= I. esculenta =sweet L. esculenta

— nduva cuaa yahtu = guaje amargo
= bitter L. esculenta

— nduva nduchi = guaje de frijol or guaje delgado = L. pallida

= "bean Leucaena’ or 'narrow-podded Leucaena’

— nduva ticuanda = guaje de hielote or guaje ticuanda

= L. matudae

— nduva cualli = guaje de caballo

='horse Leucaena’ = L. macrophylla

— nduva tiim = guaje de raton = 'mouse Leucaena' = Desmanthus

Mixtec classification of Leucaena species, La Montana, Alcozauca, Guerrero (moditied from Casas and
Caballero, 1996)
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derived from nahua Auaxin (Leucaena) = yacae (= on the
nose or point) ie. ‘on the point of the guajes’;
Huajuapan derived from huaxin + ua (= possession) +
pan (= place) i.e. “place of guajes’; Oaxtepec derived
from huaxin + tepetl (= cerro = hill), ie. ‘hill of
guajes’; numerous small settlements such as Los
Aguajes, Los Guajes, Cerro de Guajes. Such prominence
of Leucaena in the derivation of place names is further
indication of the importance of the genus.

4.6 Artificial sympatry and spontaneous
hybridization

The ethnobotanical inventory of Leucaena is far from
complete. However, evidence from surveys of present
day use, indigenous classifications and archaeology
indicate that species of Leucaena have been, and still are,
of great importance as minor food plants in Mexico. Use
of Leucaena seeds for human consumption is prevalent
over a wide geographic area, involves at least 13 species
and has probably been continuous over the last 7000
years. The wide geographic, taxonomic and historical
extent of Leucaena use has resulted in a series of highly
sophisticated and finely differentiated cognitive systems
that derive primarily from variable pod characteristics.

Artificial sympatry. Use has been accompanied by
increasing cultivation and translocation of species within
Mexico, in some cases over long distances up to several
1000 km. This has resulted in wholesale disruption of
species distributions bringing several species that would
otherwise be isolated from each other into contact
(artificial sympatry) with either natural populations of
other species, or other cultivated species. While
movement and cultivation of species within Mexico
means that it may be difficult to map the precise limits
of original natural populations of the widely cultivated
species, it is possible to discern the general picture in
most cases. Species are cultivated firstly in order to
improve access to and ease of harvesting of local species;
secondly, to obtain additional species which have
desirable pod characteristics but are not native to the
area; and thirdly, to extend availability by cultivating a
selection of species which fruit in different seasons. By
cultivating two or more species together these goals can
be achieved, providing access to diverse pod types and
opening up the potential for year-round production. In
many cases species mixtures have apparently arisen in an
ad hoc manner, more by accident than design. In other
cases, multi-species orchards have been planted
specifically to obtain diverse pod qualities and year-round
production (Fig 10C).

Artificial sympatry between pairs of species is common
and widespread (Table 6). Indeed, L. leucocephala is
now so widely cultivated throughout Mexico and Central
America that few species (only those such as L.
cuspidata, L. retusa and L. involucrata which grow in
areas too cold for L. leucocephala) are not now
Sympatric to a greater or lesser degree with L.

leucocephala. Mixtures of more than two species also
occur in a number of areas. For example in northern
Oaxaca, southern Puebla and north west Guerrero, L.
esculenta, L. pallida and either L. leucocephala or L.
confertiflora are frequently found growing within single
villages and sometimes within single guajales. All four
species are planted together in some areas e.g. in the
villages of Santiago Acatepec and San Pedro Chapulco,
Puebla. In the vicinity of Chilapa de Diaz, Oaxaca, L.
confertiflora, L. esculenta, L. pallida and L. trichandra
are found together. Similarly, L. collinsii, L. esculenta
and L. leucocephala are found cultivated together in
backyards in the suburbs of Tuxtla Gutierrez in Chiapas,
as are L. esculenta, L. leucocephala and L. macrophylia
commonly in parts of Morelos (e.g. in the valley of the
Rio Yautepec, between Oaxtepec, Yautepec and Jojitla
de Juarez) and Guerrero (e.g. above Almaloya).

Spontaneous hybrids. This high level of artificial
sympatry resulting from cultivation, as evidenced by
diverse ethnobotanical data, has facilitated spontaneous
hybridization (Hughes and Harris, 1994; in press; Section
5.5) and may also explain the origin of one or more of
the tetraploid species (Sections 2.6 and 5.6). For
example, hybrids between L. leucocephala and L.
esculenta, identified by Hughes and Harris (1994), are
largely sterile and, since natural vegetative propagation
is not known within the genus, each individual must have
arisen as a separate F, hybrid. Hybridization between L.
leucocephalu and L. esculenta is probably recent,
following cultivation of the parent taxa in the last 2,000
years. Hybrids have now been found scattered quite
commonly in parts of Morelos and Puebla (Fig 13),
despite some roguing of trees which do not produce pods
by local residents. They are also found in Dakar, Sénégal
where both parent species are introduced in cultivation
(Hughes and Harris, 1994). A similar spontaneous origin
for hybrids between L. leucocephala and L. diversifolia
was postulated by Hughes and Harris (in press). This
hybrid apparently occurs spontaneously whenever the two
parent species are brought together in cultivation. That
this is the case for the hybrids in the Dominican
Republic, Jamaica, Papua New Guinea and the
Philippines, where both parent species are introduced, is
not in doubt. In Mexico and Guatemala, both parent
species are also cultivated, L. leucocephala tor pod
production (e.g. in informal guajales near Tuzanapan and
Plan del Rio, Veracruz, Mexico), and L. diversifolia
primarily tor coffee shade (e.g. widely around Xalapa
and Coatepec, Veracruz, Mexico; near Barillas,
Huehuetenango, Guatemala; in Jamaica). At least five
other putative spontaneous hybrids have been found in
indigenous guajales (Table 7; Chapter 5), but their
identities remain to be investigated in detail. That L.
leucocephala was one parent in several of these hybrids,
and has been proposed as a parent in other putative
hybrids as well, may be attributed to the fact that it is the
most widely cultivated species both in Mexico and
Central America and pantropically, and is now sympatric
with the majority of other species. Its extended, virtually
year-round, {lowering period (Gonzalez et al., 1967)
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Figure 6 Map showing the approximate limits of intensive present day use and indigenous domestication,
and locations of archaeological sites where Leucaena pod remnants have been found.

which overlaps with that of more seasonal species may
also promote hybridization.

“Tetraploid origins. The occurrence of four known
tetraploid species of Leucaena and their possible origins
are discussed in Section 2.6. Palomino et al. (1995)
postulated recent origins for tetraploid L. confertiflora, L
pallida and L. diversifolia based on measurements of
DNA content, but concluded that polyploidy had not been
instrumental in the domestication process. However, the
possibility that domestication may have been instrumental
in the origin of tetraploids spontaneously in cultivation,
must also be considered given the abundant evidence of
human interference from ethnobotanical data. Two of the
widely used and cultivated species, L. pallida and L.
leucocephala, are tetraploid. Anthropogenic origins of
one or both of these species are quite compatible with the
ethnobotanical evidence. The case for L. leucocephala is
particularly compelling. As described above, L.
leucocephala has a set of characteristics (year-round pod
production, very abundant pod and seed set (Gonzalez et
al, 1967), seed set on isolated trees due to self
compatibility, and sweet seeds) that make it outstanding

for pod production compared to other species of
Leucaena. Thus a spontaneous origin of L. leucocephala
would have been immediately noticed and seized upon by
a guaje-conscious society. Such a scenario is compatible
with other evidence about L. leucocephala. Firstly, there
are no known populations of L. leucocephala (apart from
weedy populations of subsp. leucocephala in the Yucatdn
Peninsula) that appear to be natural, although it is
extremely widespread in cultivation (Fig 44). Despite
numerous seed collection expeditions over the last 30
years by different researchers, a natural range for L.
leucocephala remains unknown. Secondly, Harris et al.
(1994b) analyzed isozyme variation amongst accessions
from Mexico and Central America and found that there
was only limited genetic variation within L.
leucocephala, again suggesting a recent, possibly
anthropogenic, origin with subsequent rapid spread in
cultivation. As discussed above, that spread is continuing
today. Finally, given that L. pulverulenta, which is
restricted to north east Mexico (Fig 58), is the most
likely maternal parent of L. leucocephala (Harris et al.,
1994a), an origin in that area is probable. Two of the
three subspecies of L. leucocephala occur sympatrically
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Table 6 Artificial sympatry amongst pairs of species of Leucaena following cultivation

Cultivated Artificial Sympatry
Species
L. esculenta L. confertiflora - L. esculenta is occasionally cultivated close to L. confertiflora guajales (e.g. Chapulco

and Santa Catalina Oxolotepec) or close to natural populations

L. leucocephala - frequently throughout south central Mexico and sporadically elsewhere

L. pallida - frequently cultivated together in Oaxaca, Puebla and NW Guerrero

L. macrophylla - L. esculenta is widely cultivated through much of the range of L. macrophylla subsp.
macrophylla

L. pueblana - frequently in the mid- and upper Tehuacan Valley

L. trichandra - L. esculenta is sporadically cultivated near the northern limits of L. trichandra

L. collinsii - L. esculenta is cultivated and weakly naturalized in the vicinity of Tuxtla Gutierrez, Chiapas

L. leucocephala all species except L. involucrata, L. matudae and L. retusa

L. collinsii - L. leucocephala is cultivated throughout range of L. collinsii in the central depression of
Chiapas and the Motagua Valley, Guatemala
L. confertiflora - rarely, as close to the upper elevational limit for cultivation of L. leucocephala, but still
present in some villages (e.g. San Pedro Chapulco. Puebla)
L. cuspidata - L. leucocephala is rarely cultivated in lower villages in Hidalgo, near natural populations of
L. cuspidata
L. diversifolia - frequently in central Veracruz, occasionally in Chiapas, Mexico, Huehuetenango,
Guatemala, Jamaica and elsewhere (Hughes and Harris, in press)
. greggii - L. leucocephala is very rarely cultivated near L. greggii populations as near frost limit for L.
leucocephala
. lanceolata - L. leucocephala is sporadically cultivated throughout the range of L. lanceolata
. lempirana - L. leucocephala is occasionally cultivated in or close to natural populations
. macrophylla - L. leucocephala is frequently cultivated in or near remnant populations
. magnifica - L. leucocephala occasionally cultivated
. multicapitula - L. leucocephala is widely cultivated in and around remnant natural stands of L.
multicapitula
L. pueblana - L. leucocephala is frequently cultivated throughout the range of L. pueblana
L. pulverulenta - these two species commonly occur together either both in cultivation (e.g. in parts of
Tamaulipas and south Texas) or close to natural populations of L. pulverulenta
L. salvadorensis - L. leucocephala is sporadically cultivated in and around remnant populations and
indigenous agroforestry plantings of L. salvadorensis
L. shannonii - L. leucocephala is sporadically cultivated in and around remnant populations of L.
shannonii
L. trichandra - L. leucocephala is sporadically cultivated in and around natural populations of L.
trichandra
L. trichodes - L. leucocephala is sporadically cultivated in and around natural populations of L. trichodes

~

o

L. pallida L. confertiflora - L. pallida is occasionally cultivated close to L. confertiflora guajales (e.g. Chapulco and
Santa Catalina Oxolotepec) or close to natural populations

. esculenta - frequently cultivated together in Oaxaca, Puebla and NW Guerrero

. leucocephala - occasionally cultivated with L. pallida although close to frost limits for L. leucocephala

. matudae - L. pallida is sporadically cultivated near upper clevational limit for L. matudae

L. pueblana - L. pallida is cultivated in close proximity to natural populations of L. pueblana in the upper
Tehuacan Valley

L. trichandra - frequently L. pallida is cultivated in or around natural populations of L. trichandra close to
the northerly limits of that species in Oaxaca

o

with L. pulverulenta today. This area coincides with the 1958; 1965) and thus an area where L. leucocephala
Huastec region which is known as an area of early could have been noticed and propagated. Thus, although
agricultural development and an area where Leucaena the evidence is circumstantial, and the hypothesis of an

seeds were apparently used in early times (MacNeish, anthropogenic origin for L. leucocephala is highly
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speculative, it appears to offer the best explanation of the
available evidence.

Few other genera present similarly high levels of
artificial sympatry, although there are many documented
examples of similar anthropogenic hybrid origins in other
economically important plant genera following cultivation
and domestication in Mexico (reviewed by Bye, 1993).
One group which appears to be rather similar to
Leucaena in terms of use, cognitive systems,
translocation and high artificial sympatry is the large
Neotropical Mimosoid legume genus Inga. Artificial
sympatry of three or more species of Inga is common on
farms in Honduras and a few farms have six species
growing together (Lawrence and Ziniga, 1996), although,
as yet, no Inga hybrids have been reported.

4.7 Indigenous domestication

The term ‘domestication’ has been used in a wide
variety of ways, but is normally taken to imply human-
induced change in the genetics of a plant population to
conform to human desires and appropriate development
within the agro-habitat created for its production (Harlan,
1975). It is widely recognized that early domestication
and early agriculture generally adopted plant species that
were immediately available in the local flora. While
some view domestication as a gradual progression or
continuum from wild to fully domesticated, others invoke
more sudden revolutionary changes - such as loss of seed
distribution mechanisms or hybridization - to explain
domestication. There appears to be no general consensus
about the relative importance of different mechanisms,
but for Leucaena it is now apparent that both gradual
modification and sudden changes have been involved in
its domestication. The gradualist continoum may
comprise a series of transitions from casual gathering
from wild populations, through systematic or selective
harvesting and protection of trees when land is cleared,
transplanting of naturally regenerated seedlings, more
intensive cultivation and husbandry with the possibility
of active selection, and ultimately complete removal from
the wild state and dependence on husbandry for survival,
i.e. loss of ability to survive in ‘natural® ecosystems
(Harlan, 1975). As Rindos (1984) pointed out, even
management in terms of protection or tending entails
some genetic change and thus a start towards
‘domestication’. The reality of this ‘domestication"
continnum and of the greater complexity of the
domestication process are now more widely accepted
(Harris, 1989; Xolocotzi, 1993; Clement and Villachica,
1994; Leakey and Izac, 1996; Wiersum, 1996; Edwards
and Schreckenberg, 1997). This has resulted in
recognition of intermediate phases to describe the often
important steps, such as cultivation, which precede the
more significant genetic alteration which has often been
considered an indicator of domestication. These
intermediate phases have been described as “incipient
domestication” (Zarate, 1984b: 237), "pre-domestication
cultivation” (Xolocotzi, 1993) or "semi-domestication”

(Clement and Villachica, 1994: 231).

There is little evidence to suggest that significant
selection has occurred within cultivated species of
Leucaena. Species are seen to be at variable stages of
incipient domestication, semi-domestication or pre-
domestication cultivation exactly as found for many
Amazonian fruit and nut species by Clement and
Villachica (1994) and many agroforestry species more
generally (Wiersum, 1996). These different stages, which
may be simultaneously observed today for different
species and in different areas, support the view that the
traditional dichotomy between hunter gatherers and
agriculturalists, and between wild and domesticated, is
blurred and forms a continuum that may be descriptive
of, but does not necessarily explain, domestication
(Harris, 1989; Clement and Villachica, 1994). The greater
difficulty of domestication of woody perennials compared
with annual crops due to long generation times, is well
known and appreciated. For example avocado (Persea
americana), although probably in cultivation in the
Tehuacan Valley as early as 5,000 to 6,000 BC shows no
influence of selection (increase in size) until 900-200 BC,
an extremely slow rate of change compared to annual
crops such as maize (Smith, 1967). If there has been
genetic modification of Leucaena species due to human
selection, then the phenotypic effects have been small
and genetic effects remain to be detected.

Of far greater importance in domestication of Leucaena
have been the sudden and dramatic changes brought
about by spontaneous interspecific hybridization
facilitated by juxtaposition of different species in
indigenous cultivation. Indeed, in the case of Leucaena,
it seems that hybridization, and the probable origin of L.
leucocephala in cultivation, may be what constitutes
domestication. Thus despite the fact that Leucaena seeds
have been, and still are, plant foods of only minor dietary
significance, and that species of Leucaena are in an early
stage of incipient domestication with little evidence of
selection or ‘true domestication® in the classical sense,
domestication in the broader sense that includes
spontaneous hybridization, has entailed a number of
profound effects on the evolution of the genus. The
generation of a series of spontaneous hybrids, some of
which are fertile and apparently spreading and being
used, and possibly including one or more tetraploid
species, represents a far more dramatic change than the
usually slow change that results from indigenous
selection.

Although erosion of genetic diversity caused by human
intervention has been the dominant impact for many plant
groups (Wilson, 1988), human actions that favour
diversity and which may be conducive to rapid
evolutionary change may also be important (Bye, 1993).
It is clear that human actions have not only protected and
conserved several Leucaena species through use (Chapter
8), but that indigenous domestication has also been
instrumental for the evolution of new diversity in the
genus in the form of a set of spontaneous hybrids.
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Figure 7 Leucaena leucocephala: potential and limitations

A. L. leucocephala subsp. glabrata mature tree to 20 m ht showing heavy pod production, and moderate
drought tolerance, Cabo San Lucas, Baja California Sur, Mexico.

B. L leucocephala grown in fodder hedgerows in extensive pasture production systems in Queensland,
Australia. Combined Leucaena/grass pasture systems have resulted in exceptional cattle live weight gains
(photo courtesy of M. Shelton).

C. L. leucocephala used for multiple products on a small farm in lower hills of Nepal - mature tree heavily
lopped for livestock feed used in stall feeding fodder system, with smaller trees managed under regular lopping
for firewood and live barriers. This picture was taken in 1984, prior to the arrival of the psyllid in Nepal.

D. L. leucocephala pollarded along terrace boundaries on small farms in Choluteca, southern Honduras.

E. L. leucocephala was introduced to the Comayagua Valley in central Honduras within the last 20 years. It
is now one of the commonest trees on small farms, used around settlements and along field boundaries.

F. Adult psyllid, Heteropsylla cubana, the defoliator which spread from Central America around the globe
between 1984 and 1994 (photo courtesy of P. Oui); scale bar = 0.5mm.

G. Young growing shoot of L. leucocephala showing typical wilting and defoliation damage caused by heavy
psyllid infestation (photo courtesy of M. Cock).

H. Camptomeris leaf spot, caused by the fungal pathogen Camptomeris leucaenae. This fungus causes black
leaf spotting, loss of leaflets and some dieback often associated with secondary pathogens and is a potentially
serious disease of Leucaena causing reduced forage yields and quality.
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Figure 8 Wood production and weediness of Leucaena

A. Leucaena salvadorensis managed by heavy lopping and pollarding for production of high quality poles
which are used in local construction as house corner posts in San Ram6n Arriba, Choluteca, Honduras. The
wood of L. salvadorensis has high density and a high proportion of heartwood and is known to be more
durable than wood of L. leucocephala. Trees are managed in traditional agroforestry systems over crops, in
this case millet, showing the context and potential of circa situm conservation.

B. Poles of L. salvadorensis are renowned for use as corner posts in local house construction throughout its
native range, here used in San Juan de Limay, Esteli, in northern Nicaragua.

C. Pole of L. collinsii subsp. zacapana showing the high wood quality of this species. It forms wood of high
density (mean wood density at 5 years 0.91) with a high proportion of heartwood (48% at 5 years) and is
highly preferred throughout its native range for poles and firewood. Here cut for local house construction use
near Chiquimula, south east Guatemala.

D. Dense monospecific thickets of Leucaena leucocephala subsp. leucocephala above Diamond Head, Oahu,
Hawaii, U.S.A. showing the potential of this taxon to become an invasive weed. This photograph was taken
in 1986, soon after the arrival of the psyllid defoliator, Heteropsylla cubana in Hawaii and shows the heavy
defoliation caused by the psyllid.

E. This small tree is a spontaneous hybrid between L. leucocephala and L. diversifolia, growing in secondary
roadside vegetation between Xalapa and Veracruz, in Veracruz, Mexico. The hybrid is common in this area
apparently arising spontaneously wherever the two parents are cultivated together. This hybrid, which has also
be created artificially, as KX3, is self fertile and produces abundant seed from an early age. These traits, along
with its invasive tendencies in secondary vegetation in Mexico, suggest that it has the potential to become a
weed.

F. 2.5 year-old tree of the artificial hybrid between L. leucocephala and L. esculenta growing in a
CONSEFORH field trial at La Soledad, Comayagua, central Honduras. This hybrid is triploid, seedless or
nearly seedless, extremely fast growing, and highly psyllid-resistant, a set of traits that make it attractive for
cultivation, assuming its propagation can be mastered.

G. Adult bruchid beetle of Acanthoscelides macrophthalmus emerging from a mature seed after feeding; scale
bar = 2mm. This seed feeding bruchid has been recorded from 18 species of Leucaena and has recently been
introduced to Australia (accidentally) and South Africa (intentionally) where its potential for biocontrol of L.
leucocephala is being evaluated.

H. Some lesser known species of Leucaena, including L. lanceolata, L. pulverulenta, L. shannonii and L.
trichodes show marked weedy tendencies within their native ranges, freely colonizing open and disturbed
habitats. This photograph shows abundant colonization of secondary vegetation by L. lanceolata in Oaxaca,
southern Mexico.
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Figure 9 Indigenous use and domestication of Leucaena as a minor food plant in Mexico

A. Local farmer harvesting unripe pods of L. esculenta from an informal orchard in the Tehuacan Valley,
Puebla, Mexico. L. esculenta, known as the guaje rojo or guaje colorado in Mexico because of its reddish
pods, is one of the most important, widely used and cultivated species at mid elevations in Mexico.

B. Extraction and processing the unripe seeds of L. esculenta for food use, in mid February near San Martin
Pachivia, Guerrero, Mexico. This household harvests several 100 kilograms of L. esculenta seed from nearby
cultivated and semi-natural populations each year for sale in local markets.

C. Extraction and processing is sometimes done directly in the field to avoid transporting large quantities of
pods. Unripe green seeds of L. esculenta being shelled after harvesting, in mid February, near San Martin
Pachivia, Guerrero, Mexico.

D. Unripe pods of L. leucocephala subsp. glabrata, the guaje verde, guaje blanco, guaje castilla, or k’usbalil
sasib for sale in the market of San Cristobal de las Casas, Chiapas, Mexico. L. leucocephala is highly preferred
for food use throughout south central Mexico. It is widely cultivated at lower elevations along the Pacific coast
and in the central Depression of Chiapas, for example around Tuxtla Gutierrez, and the pods transported for
sale, virtually year-round, to all the surrounding highland market towns such as San Cristobal.

E. Unripe pods of L. esculenta for sale in February in the central market of Oaxaca, southern Mexico. The
local names, guaje rojo or guaje colorado are derived from the deep maroon unripe pod colour.

F. Small Leucaena orchard at 2000m in the village of San Pedro Chapulco, Puebla, Mexico. Here trees of L.
pallida and L. confertiflora are grown in lines separating alleys where crops are grown. Unripe pods and seeds
of these species are harvested in July-September, consumed locally and sold in nearby markets such as
Tehuacan. The trees alternate within rows with Agave and Opuntia, two other important indigenous food plants
in a typical traditional agroforestry system showing the context and environment under which circa situm
conservation and indigenous domestication of Leucaena takes place. Crop production is marginal in this area
due to low and variable rainfall, and tree products, such as Leucaena pods and seeds, provide an important
source of both subsistence foods and income.

G. Extensive orchard of L. esculenta in the mid-Tehuacan Valley, Puebla, Mexico. L. esculenta, although
considered to be introduced to the Tehuacan Valley, is now widely and commonly cultivated over crops, even
in areas with irrigation. Here trees are in flower and with a few highly unripe pods over irrigated maize in
November, shortly before the L. esculenta pod production season.
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Figure 10 Circa situm conservation, indigenous cultivation, artificial sympatry and spontaneous hybrids

A. Map of part of Latin America showing the total distribution of the genus Leucaena in the New World. Data
points are derived from 2393 herbarium specimen collection sites with verifiable localities (88% of the total
specimens examined). The overall distribution shows the occurrence of species of Leucaena in seasonally dry
tropical habitats and their virtual absence from the cold arid deserts of north central Mexico and the non-
seasonal wet lowland forests of the southern Gulf of Mexico (Tabasco and northern Chiapas), the Petén region
of Guatemala, the Atlantic zone of Honduras, Nicaragua, Costa Rica and Panam4 and the perhumid forests of
the Darién/Choco6 coastal zone of Colombia and northern Ecuador. The number of taxa occurring per degree-
square is mapped. This shows that the greatest diversity of species occurs in southern Mexico and to a lesser
extent in northern Central America. The highest diversity of species, with 12 taxa in one degree-square, is in
southern Puebla. Diversity in these areas is augmented by ‘indigenous’ cultivation and artificial sympatry.

B. Wood of L. collinsii subsp. zacapana is highly preferred for poles and firewood being of high density and
heartwood percentage. Because of this trees are often protected and managed over crops, here over millet near
Chiquimula, south east Guatemala, in the early dry season in January after the crop has been harvested. Such
traditional agroforestry systems are the venue for widespread circa situm conservation of Leucaena genetic
resources.

C. A complex orchard of Leucaena at 1900m elevation in the village of Santiago Acatepec, Puebla, Mexico.
Three species of Leucaena, L. esculenta, L. leucocephala and L. pallida occur in this one orchard. L.
confertiflora occurs in nearby degraded thorn scrub mattoral. This is typical of the level of artificial sympatry
found in the Leucaena orchards in this part of Mexico. Two hybrids, arising spontaneously as a result of
artificial sympatry, have been found in this one orchard. Firstly there are seven individuals of the seedless
triploid hybrid between L. leucocephala and L. esculenta. The seedlessness of this hybrid is well known among
local people who are interested in food use of unripe pods and seeds. The hybrid is known as the guaje macho
(male Leucaena) and trees are often rogued from this orchard because of this. The second hybrid, Hughes
1625, is as yet unidentified, but appears to have L. leucocephala as the female parent, with possibly two other
species involved in its parentage. Orchards, or guajales of this type are the venue and workbench of indigenous
domestication. In this type of traditional agroforestry system trees are intercropped with other indigenous food
plants such as maize, Opuntia and Agave.

D. Typical indigenous cultivation of L. esculenta for food use in backyards around houses in the small village
of San Pablo Guila, Oaxaca, southern Mexico.

E. Tree of a spontaneous hybrid between L. leucocephala and L. esculenta, near Izucar de Matamoros,
southern Puebla, Mexico. The hybrid, here in full leaf and flower during the early dry season in December,
flowers prolifically over an extended period but is sterile and seedless. It occurs widely but sporadically in six
States in south central Mexico and being sterile, each hybrid tree has arisen independently. It is known locally
by the name guaje macho, the male Leucaena, and trees are sometimes rogued because of their lack of pods,
but may be retained as attractive ornamentals.

F. Tree of a spontaneous hybrid between L. leucocephala and L. esculenta outside the Musées de L’Institut
Fondamental d’ Afrique Noire, Dakar, Sénégal, Africa. L. leucocephala is common and naturalized throughout
Dakar and L. esculenta, although known and recorded from there is apparently rare. Spontaneous hybrids have
arisen following introduction of these two species, even though one parent species is rare (photo courtesy of
C. Fagg).
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5  Hybrids

5.1 The importance of hybrids in Leucaena

A hybrid is the product of breeding between individuals
of distinct taxa (Stace, 1975). Most references are to
hybrids between individuals of distinct species of the
same genus (interspecific hybrids), but hybrids between
distinct genera (intergeneric hybrids) or between
subspecies or varieties are also possible. In the case of
Leucaena the vast majority of hybrids are interspecific.
However, hybrids between subspecies or varieties (or
provenances) of L. leucocephala have been detected
(Zarate, 1987a) and created artificially (e.g. Hutton and
Beattie, 1976; Gupta, 1986; Austin et al, 1997).
Artificial intergeneric hybridization between Leucaena
and Schleinitzia has also been attempted but without
success (Gonzalez et al., 1967). The distinction between
natural and artificial hybrids is, in general, not in doubt.
However, in cases where hybrids have arisen as a result
of human interference involving movement of species
bringing previously isolated species into contact with
each other (Section 4.6), the distinction is not so clear.
Such hybrids, with assisted, but not strictly man made
(artificial), origins, may be described as ‘semi-natural®
or results of ‘assisted-hybridization® or simply as
‘spontaneous’. In this chapter hybrids are distinguished
as natural, spontaneous or artificial.

Evidence suggests that natural hybridization is both
geographically widespread and frequent in diverse groups
of plants (Stace, 1975; 1989; 1991; Rieseberg, 1995;
McDade, 1995). Interspecific hybridization is accepted as
an important process generating species of plants
(Anderson, 1949; Stebbins, 1959; Stace, 1975; Grant,
1981; Rieseberg, 1995). As discussed by Abbott (1992),
recent data have confirmed that stabilization of hybrids
can lead to the origin of fertile homoploid hybrid taxa
(Gallez and Gottlieb, 1982; Rieseberg et al., 1990a), the
introgressive origin of infraspecific taxa (Rieseberg et al.
1990b; Abbott et al, 1992) and the origin of
allopolyploid (amphidiploid) species (Soltis and Soltis,
1990b; Ashton and Abbott, 1992). Natural or spontaneous
hybrids can be a major source of taxonomic confusion
and may be difficult to distinguish from ‘normal
species, complicating species  delimitation and
identitication (Chapter 10) as well as analysis of species
relationships.

Evidence of hybridization in Leucaena is provided by
known polyploidy (Section 2.6), confirmed and
unconfirmed reports of spontaneous hybridization
(Hughes and Harris 1994; in press), evidence for cpDNA
introgression (Harris et al., 1994a), and high crossability
(Sorensson and Brewbaker, 1994). Evidence from any
one of these three sources would be sufticient to suggest
that hybridization may have been important. Taken

together there is overwhelming evidence that spontaneous
hybridization, recent and possibly ancient, has been a
significant process in the evolution of Leucaena.

Once the potential for artificial hybridization is
considered, hybrids assume even greater importance as
there are many more artificial than spontaneous hybrids.
Artificial hybridization provides one method to move
genes from species that have useful traits to others which
lack them, thereby combining the desirable characteristics
of different species. Artificial hybridization has been a
central component of tree improvement for many
important forestry and agroforestry genera such as
Acacia, Erythrina, Eucalyptus, Pinus, Populus and Salix
(Namkoong and Kang, 1990; Nikles, 1992) and has been
the main focus of Leucaena breeding efforts to date
(Brewbaker and Sorensson, 1990; Brewbaker et al., 1989;
Sorensson, 1995).

Thus, in Leucaena, both spontaneous and artificial
hybrids are important sources of diversity. In this
chapter, both types of hybrids are discussed and a
number of actual hybrids and their characteristics and
potential are described. Research on natural or
spontaneous hybrids has largely been carried out by
Hughes and Harris (1994; in press) in Oxford.
Investigation of crossability and artificial hybridization
has been carried out by Brewbaker and colleagues in
Hawaii (Brewbaker and Sorensson, 1990; 1994; Pan,
1985; Sorensson, 1992a; 1993; 1995; Sorensson and
Brewbaker, 1994), Australia (Bray, 1984; Hutton and
Gray, 1959), Colombia (Hutton, 1988) and India (Gupta
et al., 1986). This chapter attempts to synthesize the data
published by these research groups.

5.2 Crossability

Crossability refers to the ability of species to hybridize
and is determined through artificial crossing experiments
which involve different combinations of species in
reciprocal crosses. Crossability amongst 15 of the 22
species of Leucaena has been investigated in a
programme of hand crossing, involving more than 50,000
pollinations, carried out in Hawaii (Sorensson, 1993;
Sorensson and Brewbaker, 1994) building on earlier work
by Gonzalez (1966), Gonzalez et al. (1967), Hutton
(1982) and Pan and Brewbaker (1988). This work has
shown that Leucaena species hybridize as readily as
certain other woody genera such as Erythrina (Neill,
1988) or Salix (Mosseler, 1990), and far more readily
than most herbaceous plant genera. Ninety-one (77%) of
the 120 possible two-way interspecific combinations
between the 15 tested species produced viable seed
(Sorensson and Brewbaker, 1994). It appears that species
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have evolved in geographical isolation from each other
with few genetic barriers to hybridization.

Hybrids in Leucaena may be grouped by ploidy-specific
mating type as diploid (diploid x diploid), tetraploid
(tetraploid x tetraploid), or triploid (tetraploid x diploid).
Mean crossability indices (viable seeds from cross
pollination ¢f from intraspecific or compatible self
pollinations expressed as a %), are highest amongst
tetraploids (73%), with 32% amongst diploids and only
12% for triploid matings (Sorensson and Brewbaker,
1994). For this reason the three well known tetraploid
species L. leucocephala, L. diversifolia and L. pallida
which are completely interfertile have been considered
the *primary’ genepool for improvement and have been
the main focus of recent artificial hybridization efforts
(Sorensson and Brewbaker, 1994; Sorensson, 1995). The
only group which is somewhat less cross incompatible
with other species are the three species L. macrophylia,
L. trichodes and L. multicapitula. The unusual pollen of
these three species which occurs in polyads (albeit of two
different polyad types) (Hughes, 1997b) has been
implicated in causing this incompatibility by Sorensson
(1992a). Ploidy-specific crossability polygons modified
from Sorensson (1993) and Sorensson and Brewbaker
(1994) are presented in Fig 11.

5.3 Detection of hybrids

The first problem in any investigation of natural or
spontaneous hybrids is how to distinguish hybrids from
‘normal’ species. Normally discrete species originate
through mutation and selection acting on diverging lines.
A ‘normal® species is a unique product of evolution and
occurs only once; it cannot be recreated experimentally.
Hybrids on the other hand form only through the crossing
of ‘normal* species and can appear again and again, and
a hybrid found naturally whether it is fertile or sterile,
can theoretically be synthesized artiticially (Wagner,
1969). Distinguishing between ‘normal’ species and
hybrids is not always straightforward and often involves
considerable research using diverse evidence from
morphology, molecules and geography. Hybrids are
usually detected and identified on the basis of a set of
criteria including: (a) phenotypic intermediacy between
putative parents; (b) reduced fertility; (c) segregation of
F, progeny from a fertile hybrid; (d) overlapping
distributions of the hybrid and the putative parents; (e)
additivity of biochemical or nuclear molecular markers;
(f) ecological intermediacy; (g) artificial re-synthesis of
the hybrid; (h) possession of ‘foreign' haplotype
(Wagner, 1969; Gottlieb, 1972; Rosen, 1979; Stace,
1975; 1989; Humphries, 1983; Rieseberg and Ellstrand,
1993; Rieseberg and Morefield, 1995; McDade, 1995).

In practice, most hybrids are actually ‘detected® prior to
formal analysis of morphological intermediacy, based on
one or more of the other criteria, and frequently, intuitive

interpretation of morphological, geographical and fertility
observations (Wagner, 1983). Confirming hybrid identity
usually depends on cumulative evidence from several or
all of the criteria, none of which alone provides a
rigorous and unequivocal test, but when taken together
are usually judged to support a hypothesis of hybridity
beyond reasonable doubt (Gottlieb, 1972).

Many recent investigations of putative hybrids have
employed secondary plant metabolites, isozymes and,
more recently, DNA characters. The rationale for using
molecular characters as markers for hybrid identification
and characterisation is that there are an unlimited number
of independent, selectively neutral DNA markers that are
expected to show complete additivity in F, hybrids
(Rieseberg and Brunsfeld, 1992). Combined analysis and
comparison of DNA characters from both organellar
(chloroplast, cpDNA and mitochondrial, mtDNA) and
nuclear genomes provides some of the best evidence of
hybridization (Avise, 1994). This is because primary (F,)
hybrids should combine the nuclear encoded DNA
markers of each parent while organellar markers are
expected to be those of the maternal or paternal parent,
depending on the direction of hybridization and the mode
of organelle inheritance (Soltis and Soltis, 1991). For
Leucaena, research using a combination of chloroplast
and nuclear DNA markers has had a major impact on the
detection and characterisation of hybrids (Harris, 1995;
Harris et al., 1994a; 1994b; Hawkins and Harris, in
press; Hughes and Harris, 1994; in press). Leucaena
chloroplast DNA is inherited through the maternal parent
(Harris et al., 1993). Restriction fragment length
polymorphism analysis (RFLP) of cpDNA characters has
been successtully used to provide information about the
maternal parent of a number of hybrids and tetraploid
species of putative hybrid origin (Harris er al., 1994a;
Hughes and Harris, 1994; in press; Hawkins and Harris,
in press). Although nuclear DNA markers are expected
to show an additive profile of the two parents, in
Leucaena nuclear ribosomal DNA profiles in hybrids are
not always completely additive, suggesting that reliance
on a single nuclear DNA marker can lead to errors.
Reliable detection of hybrids in Leucaena is thus likely
to depend on use of a set of taxon diagnostic nuclear
DNA markers (Hughes and Harris, 1994). Because of
their technical simplicity and potential to provide large
numbers of nuclear markers scattered randomly across
the genome, use of randomly amplified polymorphic
DNA (RAPD) markers has also been investigated for
hybrid detection in Leucaena (Harris, 1995; Hawkins and
Harris, in press; Hughes and Harris, in press). Many
limitations associated with use of RAPDs for detection of
hybrids were highlighted in these studies, but when
interpreted under strict criteria, RAPDs have been shown
to provide useful additional evidence of hybridity
(Hawkins and Harris, in press; Hughes and Harris, in
press). There is little doubt that molecular markers will
continue to be an essential tool to identify and
characterise new putative hybrids as they are discovered.
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LEUC = L. leucocephala, DIVE = L. diversifolia, CON = L. confertiflora; scale bar thickness indicates a
crossability index of 100%. Modified from Sorensson (1993) and Brewbaker and Sorensson (1994).
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For Leucaena, the task of detecting hybrids is made
significantly easier by the existence of a large collection
of artificial hybrids created at the University of Hawaii
mainly by Sorensson (1993) (summarized by Sorensson
and Brewbaker (1994)). The criterion of re-synthesis is
not a realistic option in all hybrid studies, but provides
strong evidence relative to other criteria (Gottlieb, 1972).
For Leucaena, material derived from progeny of
controlled crosses of known parentage is often available
for direct comparison with putative natural or
spontaneous hybrids.

In addition, Sorensson (1993) examined quantitative leaf
morphology of a set of artificial hybrids and derived two
models to predict hybrid leaf morphology based on the
morphology of the two parent species. He used four leat
traits: number of pinnae per leaf, number of leaflets per
pinna, leaflet length and leaflet width, all of which vary
widely across species within the genus, and showed that
hybrid morphology for all four traits could be predicted
using a simple inheritance model. With rare exceptions
leaf parameters are inherited on a geometric scale
intermediate between the two parents. This simply means
that hybrids between two diploid, or two tetraploid,
species generally showed mid-parent values on a natural
log scale expressed mathematically as:

2InF, = InP; + InP,

where F, is the hybrid leaf trait value and P, and P, are
the parental values.

Triploid hybrids were also intermediate, but resembled
the tetraploid parent more closely, necessitating inclusion
of a dosage effect for ploidy into the model:

3InF, = 2InP, + InP,

where P, is the tetraploid parent. A dosage eftect due to
ploidy has been noted in hybrid studies more generally
(Stace 1975; Wagner, 1969; 1983). Sorensson’s model
fitted the artificial hybrid combinations tested with only
a handful of exceptions. The model provides a way to
predict values for hybrid leaf traits based on parent
values. Predicted values can then be compared with
measured values for putative hybrids. For putative natural
or spontaneous hybrids, the actual individual parent trees
are usually not known, so all that can be estimated is a
mean predicted value based on the mean values estimated
amongst a set of individuals of the putative parents. The
model of Sorensson (1993) suggests additive genetic
control of quantitative traits of the bipinnate leaf of
species of Leucaena. Sorensson’s (1993) hybrid leaf
model has been successfully used to assist in the
identification of one spontaneous hybrid in Leucaena
(Hughes and Harris, in press).

Many readers will no doubt have encountered trees which
they suspect may be hybrids during the course of their
work. The practical steps to investigate and identify
unknown hybrids are discussed in Section 10.6.

5.4 Taxonomic treatment of hybrids

There are two ways to refer to or name recognized
hybrids (Wagner, 1969; 1983; Stace, 1975). Designating
hybrids according to the hybrid formula (e.g. L. esculenta
x L. leucocephala) is maximally informative but
cumbersome and inconvenient, especially if the hybrid is
common and/or in cultivation. The alternative, that of
naming a hybrid as for any other species (e.g. L.
xbrachycarpa, where the “x* before the species name is
used to indicate that a species is a hybrid) is more
convenient and nomenclaturally stable, although less
informative than the hybrid formula and carries with it
the hazard of over burdening the literature with extra
names. There is no consensus which is best and the two
options appear to be have been used arbitrarily by
different authors. Wagner (1969; 1983) suggested naming
hybrids only if they are common, conspicuous or
especially important for one reason or another (e.g.
economically important in cultivation), and it is generally
agreed that at least some such hybrids should be named
(Stace, 1975). This compromise avoids the proliferation
of names for very rare and sometimes ephemeral hybrids,
but provides stable and convenient names for common
and important ones.

In Leucaena, hybrids have been referred to almost
universally by the hybrid formula, perhaps because of the
emphasis on, and abundance of, artificial hybrids. Some
hybrids have been widely referred to by the identity
codes provided under the University of Hawaii system
which designates artificial hybrids as KX1, KX2, KX3.
Although these codes are now widely used and
reasonably well known, they are no more informative
than names or hybrid formulae. Furthermore, some
hybrids have been numbered simply as K1000, K1001
etc. as for non hybrid accessions. In Leucaena, there is
a good case for naming common, conspicuous or
especially important hybrids. Two such hybrids are
named in forthcoming publications (Hughes and Harris,
in press; Hughes, in press) (see below).

5.5 Spontaneous hybrids

Most authors have suggested that natural hybridization is
infrequent in Leucaena, precluded by geographic
isolation of species in their natural range (Sorensson and
Brewbaker, 1994, Brewbaker and Sorensson, 1994). In
areas such as northern Central America (Guatemala and
Honduras), where species of Leucaena (apart from L.
leucocephala) are rarely cultivated or transported (c.f.
Mexico), species distributions are indeed generally
without overlap (strictly allopatric). In a few areas
distributions of different species virtually meet but do not
overlap (parapatric). Lack of intimate species mixtures
(sympatry) in natural stands is striking in these areas.

The high crossability found in Leucaena means that when
previously isolated species are brought together in
cultivation, there is virtually unlimited scope for the
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production of spontaneous hybrids. Indeed, if two species
are cultivated together the chances are three-to-one that
they will be cross-compatible. It is clear that indigenous
domestication and use of Leucaena species as minor food
plants in many parts of Mexico has resulted in
widespread movement of species, bringing previously
isolated species into contact with each other (artificial
sympatry) (Section 4.6) facilitating spontaneous
hybridization in many areas. While a significant number
of putative spontaneous hybrids have been reported from
indigenous orchards or ‘guagjales’ of Leucaena in
Mexico (Table 7), only two have so far been investigated
in sufticient detail (Hughes and Harris, 1994; in press) to
confirm their hybridity and identities beyond doubt.

As well as indigenous domestication, more recent
introduction, cultivation and domestication of species of
Leucaena as exotics (Chapter Y) has brought many
previously isolated species into contact, again facilitating
spontaneous  hybridization. There are numerous
observations of hybrids which are the result of crossing
between species growing in research arboreta, field trials
or wider cultivation of species of Leucaena as exotics
(e.g. Bray, 1986; Lammers, 1940; Dijkman, 1950;
Hutton, 1981; Hutton and Tabares, 1982; Hughes and
Harris, 1994; in press; Timyan, 1996). However, few of
these hybrids have been examined and documented in
sufficient detail to ascertain the true extent of
spontaneous hybridization in such situations.

An annotated list of putative spontaneous hybrids is
presented in Table 7. There is no doubt that this list is
incomplete as many more such hybrids have probably
occurred than have been noted and recorded. Three
spontaneous hybrids whose identities have been
established beyond doubt are discussed in more detail
below as examples of how such hybrids may occur, how
they may be investigated, and what their characteristics
and significance may be.

L. leucocephala x L. pulverulenta. The first reports of
the occurrence of putative spontaneous hybrids in
Leucaena were between L. leucocephala and L.
pulverulenta trom parts of western Java, Indonesia where
these two species have been in cultivation since around
1900 (Brewbaker, 1988; Dijkman, 1950; Lammers, 1940;
Lowry er al., 1984). This cross apparently occurs
spontaneously with ease whenever the self incompatible
L. pulverulenta (diploid, 2n=56) is grown near L.
leucocephala (tetraploid, 2n=104) (Brewbaker, 1988).
The L. leucocephala x L. pulverulenta hybrids are
triploid and variably fertile. While F, hybrids (2n=80) are
fertile, subsequent generation hybrids are extremely
variable in chromosome number (2n=56-104; Gonzalez
et al., 1967) and may be completely sterile or very
weakly fertile. Hybrid individuals were noticed by
foresters in Indonesia because of their outstanding growth
and lack of seed production. In Indonesia the hybrids are
known by the common name ‘lanang® or ‘male
Leucaena®, possibly due to their vigour and stature
(Dijkman, 1950) or because they are seedless (see

below). These hybrids have been cultivated in Indonesia
as shade trees over tea and coffee for several decades
(Section 9.4). The same hybrid has also been reported
from southern Texas, U.S.A. by Correll and Johnston
(1970) who stated simply that “where L. leucocephala
and L. pulverulenta have been planted together, some
hybridization has occurred”. Although the precise limits
of the natural distribution of L. pulverulenta in northern
Mexico and south Texas are poorly known due to
cultivation, it seems likely that the Texan hybrids are
also the result of cultivation of both, but certainly one of
the parents, and are thus spontaneous rather than truly
natural.

L. leucocephala x L. esculenta (Figs 10E-F and 8F).
Putative hybrids between L. leucocephala and L.
esculenta were reported from Mexico (Sorensson and
Brewbaker, 1994) and Colombia (Hutton and Tabares,
1982). Following these unconfirmed reports, the identities
of eight putative hybrids collected in five states in
southern Mexico were investigated in more detail by
Hughes and Harris (1994) and confirmed using a
combination of geographical, morphological, molecular
and ethnobotanical evidence. In all eight hybrid
individuals examined in that study, molecular data
indicated that the female parent was L. leucocephala but
subsequently Hawkins and Harris (in press) encountered
one hybrid individual with L. esculenta as the female
parent. This concurs with data from artificial crossing
(Sorensson and Brewbaker, 1994) which showed that
crosses with L. leucocephala as the female parent
produced more seed. These hybrids show broad, but not
half-way, morphological intermediacy between the two
parent species in a range of leaf, flower, shoot and bark
characters (Figs 12). They are closer to L. leucocephala
in quantitative traits due to the recognized dosage effect
due to ploidy (see above; Hughes and Harris, 1994;
Sorensson, 1993; 1995). Hybrids are easily recognized
using leat material alone (Fig 12), and by their striking
lack of pod production despite virtual year-round and
abundant flowering.

Hybrids between L. leucocephala (tetraploid 2n=104) and
L. esculenta (diploid 2n=>52) are triploid. All the hybrids
observed in Mexico are seedless and seed sterility has
been contirmed in artificial hybrids (see below). Given
that vegetative propagation is not known to occur
naturally in Leucaena, each hybrid tree observed in
Mexico must have arisen as separate spontaneous F,
hybrids. Despite this lack of persistence, this hybrid is
relatively frequent and widespread, albeit sporadic in
occurrence in six States in south central Mexico (Figs
10E and 13). It was collected first in Morelos in 1982
and more than 25 individuals have now been recorded
with only limited field exploration. It is undoubtedly
more common in Mexico than has been realized up to
now. Given the wide present day sympatry of the two
parent species (Fig 13) and the apparent ease with which
the hybrid occurs under these circumstances, it is likely
to become even more common in the future. It is named
for these reasons using the epithet ‘mixtec’ in the
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forthcoming taxonomic monograph (Hughes, in press).

The name ‘mixtec’ refers to the role that human
interference by the Mixtec and other pre-Columbian
peoples of central Mexico played in the origin of this
hybrid species. By bringing L. esculenta and L.
leucocephala into cultivation and into artificial sympatry
(Section 4.6), the opportunity was created for this hybrid
to arise, almost certainly within the last 2000 years. It
grows almost exclusively in suburbs of towns and
villages, in gardens, backyards and orchards (* guajales*)
where the parent species are cultivated for pod
production. Due to their lack of pod production, hybrids
are widely recognized and known by local people in
Mexico today by the name ‘guaje macho' (male
Leucaena). Sometimes trees are rogued because of the
lack of pods (due to interest in edible pod production in
these areas; Chapter 4), but in other areas are retained as
attractive ornamentals.

Hutton and Tabares (1982) showed that hybrids between
L. leucocephala and L. esculenta have also arisen
spontaneously outside Mexico, where the two species
were cultivated in the research arboretum at CIAT,
Colombia. The recent discovery of two L. leucocephala
x L. esculenta hybrids in Dakar, Sénégal (Fig 10F)
(Hughes and Harris, 1994) was a surprise. While L.
leucocephala is commonly cultivated and weedy
throughout Dakar, L. esculenta is apparently rare
although it was recorded by Berhaut (1956) and cited by
Lock (1989). Again this indicates the apparent ease with
which this hybrid occurs. As L. esculenta is more widely
introduced into areas where L. leucocephala is common
and naturalized, hybrids between these two species may
also become more common outside Mexico.

L. leucocephala x L. diversifolia (Fig 8E). An initial
hypothesis of hybridity between L. leucocephala and L.
diversifolia was postulated to account for scattered trees
which were clearly different from, and morphologically
intermediate between, these two species growing in parts
of Veracruz, Mexico (Sorensson and Brewbaker, 1994,
Zirate, 1994) and Huehuetenango, Guatemala where the
only commonly growing species of Leucaena are L.
leucocephala and L. diversifolia. Botanical specimens
which closely resemble these putative hybrids were later
encountered amongst collections from Jamaica,
Dominican Republic, the Philippines and Papua New
Guinea.

The identity and characteristics of these putative hybrids
were investigated in detail by Hughes and Harris (in
press) using combined geographical, morphological and
molecular evidence. Hybridity and the identity of the
putative parent species L. leucocephala and L.
diversifolia were supported by four of the criteria
normally used to verify hybrids. Hughes and Harris (in
press) showed firstly, that the hybrids occur in areas
where the two parent species are always present, and, in
most cases, where no other species of Leucaena are
found. Secondly, they exhibit a high degree of

intermediacy in a set of quantitative leaf and pod traits
(Fig 14) and RAPD markers. Finally, and most
convincingly, they closely resemble artificial hybrids
between the two putative parent species. Hughes and
Harris (in press) showed that leaf morphology of the
hybrids does not differ significantly from that predicted
by the hybrid leaf expression models of Sorensson
(1993).

Zarate (1994) noted the occurrence of what he believed
were hybrids between L. leucocephala and L. diversifolia
(treated by him as L. diversifolia subsp. diversifolia)
from around Temascal, Oaxaca, Mexico and attributed
these to L. xbrachycarpa. L. brachycarpa was originally
named from Jamaica, and is now known to be the same
as L. diversifolia (Hughes and Harris, in press; Hughes,
in press; Harris, unpubl). The occurrence of L.
leucocephala x L. diversifolia hybrids in Jamaica, has
perhaps contributed to the confusion surrounding the
identity of L. brachycarpa and indeed all the material
from Jamaica. For example, botanical specimens of the
hybrid were misidentified as either L. brachycarpa or L.
leucocephala by taxonomists. All three taxa occur in
close proximity to Hope in the Parish of St. Andrew,
Jamaica.

The L. leucocephala x L. diversifolia hybrid is named by
Hughes and Harris (in press) using the specific epithet
‘spontanea’ in reference to its spontaneous occurrence
whenever the two parent species are brought together in
cultivation. Material of this hybrid from scattered
locations in Veracruz, Mexico, Guatemala, Dominican
Republic, Jamaica, the Philippines and Papua New
Guinea was examined by Hughes and Harris (in press).
Timyan (1996) reported that the hybrid also occurs
spontaneously in Haiti. It is abundant, as far as is known,
only in parts of the State of Veracruz in Mexico (Fig 8E)
and elsewhere appears sporadically as scattered
individuals. All the known trees occur in disturbed areas,
including gardens or backyards, coffee plantations and
secondary vegetation on roadsides. As discussed by
Hughes and Harris (in press), it is very likely that these
hybrids arose following novel artificial sympatry of the
two parent species in cultivation. That this is the case for
the hybrids in the Dominican Republic, Jamaica, and the
Philippines, where both parent species are introduced, is
not in doubt. In Papua New Guinea, it is not clear
whether hybrids arose spontaneously there, as suggested
by Howcrott (1994), or were derived from spontaneous
crosses which had arisen in the CSIRO trial plantings in
Townsville, Queensland, Australia from which seed
(accession CPI 33820), thought to be of L. diversifolia,
was sent to Papua New Guinea in the late 1970s (Bray,
pers. comm.). Bray suggests that this “seed was
harvested from field nurseries (in Townsville) and could
well have contained any number of hybrids". The
hybrids, of whatever origin, proved to be high yielding
and have sometimes been called ‘Mexican giant® in
Papua New Guinea (Howcroft, 1994). In Mexico and
Guatemala, both parent species are also cultivated, L.
leucocephala for pod production (Section 4.3) (e.g. in
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Figure 13 Map of south central Mexico showing the distribution of L. esculenta, L. leucocephala subsp. glabrata and
L. leucocephala x L. esculenta hybrids in six States in southern Mexico

informal orchards (‘guajales') near Tuzanapan and Plan
del Rio, Veracruz, Mexico), and L. diversifolia primarily
for coffee shade (e.g. widely around Xalapa and
Coatepec, Veracruz, Mexico; near Barillas,
Huehuetenango, Guatemala; in Jamaica). In all areas
hybrids have thus apparently arisen spontaneously
following cultivation. Given the very wide present day
cultivation of both L. leucocephala and L. diversifolia,
particularly as exotics, it is extremely likely that this
hybrid is more widespread and abundant than current
botanical collections suggest, especially as wide

cultivation of the parent species is not entirely recent. For
example, a botanical specimen of this hybrid was
collected in Jamaica in 1903. Although segregation has
been observed in advanced generation artificial hybrids
(see below), no such segregation has been observed
among the spontaneous hybrids in Mexico nor
Guatemala, suggesting that most may be F, hybrids, but
later generation and backcross material are to be
expected. Without doubt, continued spontaneous
hybridization and cultivation of artificially produced
hybrids (see below) mean that this hybrid is likely to
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Figure 15 Map of part of southern Mexico spanning the Isthmus of Tehuantepec, showing the distributions of L.
leucocephala subsp. glabrata, L. diversifolia and L. leucocephala x L. diversifolia hybrids

become even more common and widely distributed in the
tuture.

Other spontaneous hybrids. Uncontirmed reports of
putative hybrids from Mexico and Central America
include L. pulverulenta x L. diversifolia (Zarate, 1982;
1994), and L. pallida x L. esculenta (Brewbaker, pers.
comm.). Gutteridge and Sorensson (1992) reported use of
a spontaneous hybrid between L. leucocephala and L.
trichandra in frost tolerance trials in Queensland,
Australia. Spontaneous hybrids between L. leucocephala
and L. trichandra have been identified and propagated by
grafting in Indonesia (Toruan-Mathius et al., 1995). A
further seven putative hybrids were discovered and
collected by the author during field exploration (Table 7).
Initial hypotheses of hybridity were postulated for these
trees because of their unusual morphology (i.e. they
could not be placed within any known species of
Leucaena), their distribution and abundance (i.e. they all
occur in areas of overlap between two or more species of
Leucaena and are generally rare or infrequent) and, in
several cases, their reduced fertility. The hybridity and
parentage of these additional putative hybrids remain to
be fully investigated and confirmed. In many cases their
origins may be more complex than the three relatively
straightforward hybrids discussed above. Some may be
derived from crosses between more than two parent
species. For example Hughes and Harris (1994)

investigated the identity of an unusual putative hybrid
tree (accession Hughes 1625) from the village of
Santiago  Acatepec, Puebla, Mexico where L.
leucocephala, L. esculenta, L. pallida and L.
leucocephala x L. esculenta hybrids are found in close
proximity in cultivation, and L. confertiflora is found in
degraded natural vegetation nearby. Molecular analysis
using a combination of nuclear and chloroplast DNA
markers, showed the maternal parent of this putative
hybrid unequivocally to be L. leucocephala, but the
paternal parent remained uncertain due to lack of species
specific nuclear markers (Harris, unpubl.). Similar
mixtures of three or four species of Leucaena growing in
single villages in central Mexico are fairly common
(Table 6; Chapter 4) and could account for some of the
other putative hybrids e.g. from San Pedro Chapulco or
Santa Catalina Oxolotepec (Table 6). Trees originally
identified as L. pallida growing in the village of San
Pedro Chapulco, Puebla, Mexico have since been
hypothesized to be hybrids based on evidence from
chloroplast DNA (Harris et al., 1994a). The identity of
this putative hybrid also remains uncertain. Several
seedlots of this putative hybrid have been collected (e.g.
OFI 52/87 and UH K804, K805, K806 and K953). As
might be expected of hybrids, these accessions have
pertformed ditferently in terms of growth, leaf chemical
composition and psyllid resistance compared to other
accessions of L. pallida in field trials (Austin ef al.,
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1995; 1997; Sorensson et al., 1994; Shelton, pers. comm)
and have also proved to be superior parents in subsequent
grtificial hybridization. There is clearly much still to be
understood, and more to be found before the full
intricacies of spontaneous hybridization facilitated by
indigenous cultivation are revealed.

5.6 Significance of spontaneous hybrids

Spontaneous hybridization has a number of important
implications for the conservation, management and
utilization of Leucaena genetic resources. Spontaneous
hybrids can present opportunities in the form of new
hybrid species with traits attractive to farmers and
breeders. However, they can also pose unpredictable risks
in the form of new weeds, or contamination of native
genepools. Spontaneous hybridization also means that
there is a high chance of contamination of any open
pollinated seed. Finally, such hybrids exacerbate
confusion over identification.

New species. Hybrid origins have been proposed for
three of the four known tetraploid species of Leucaena,
L. pallida (Pan, 1985), L. leucocephala and L.
diversifolia (Harris et al., 1994a). The putative origins
of L. leucocephala resulting from spontaneous
hybridization, possibly in pre-Columbian cultivation
between L. pulverulenta and L. lanceolata, and of L.
pallida, are discussed in detail in Chapters 2 and 4.
While such scenarios are based on circumstantial
evidence and are speculative, pending more data, they
appear to provide the most probable explanation for the
origins of these two species. If correct, spontaneous
hybrid origins for L. leucocephala, the most widely
cultivated and economically important species in the
genus (Sections 2.6 and 4.6), and possibly L. pallida,
also prominent in recent domestication, would without
doubt be the most significant results of spontaneous
hybridization. However, even if these tetraploids arose in
other ways, the contribution of spontancous hybridization
facilitated by indigenous cultivation has nonetheless been
highly significant, giving rise to three confirmed hybrids
which are now fairly common and widespread elements
of the ruderal and urban flora of parts of south central
Mexico as well as several other rarer and as yet
unidentitied hybrids. There is thus no doubt that
spontaneous hybridization has resulted in new diversity
in Leucaena, and will no doubt continue to do so in the
{uture. For example, the widespread occurrence of sterile
L. leucocephala x L. esculenta F, hybrids raises the
possibility that speciation could occur via chromosome
doubling and the formation of an allohexaploid species
tsolated from each of the parents as has happened in
some other plant genera (e.g. Ashton and Abbott, 1992).
In some cases useful and highly productive spontaneous
hybrids may be accidentally or intentionally collected and
used. The L. leucocephala x L. diversifolia hybrid
planted in Papua New Guinea (see above), because it is
selt fertile, is one example of how seed of a valuable
Spontaneous hybrid may be unwittingly distributed and

used.

New weeds. Spontaneous hybrids may also be
unproductive and may present new and unpredictable
threats of weediness (reviewed by Abbott, 1992; Abbott
and Milne, 1995). Again the L. leucocephala x L.
diversifolia hybrid provides an example of a potential
weed. It is self fertile, produces prodigious quantities of
seed from an early age, shows weedy tendencies on
ruderal sites in Veracruz, Mexico, and, under the
Australian Weed Risk Assessment system (Section 3.9),
scored the same as the weedy L. leucocephala. The L.
leucocephala x L. diversifolia hybrid is already widely
distributed (see above), and may be expected to be as
weedy as L. leucocephala (Fig 8E). Furthermore,
multiple origins of a hybrid, as documented for L.
leucocephala x L. diversifolia (Hughes and Harris, in
press) provide insurance against extinction, particularly
during the early stages of establishment and may increase
the amount of diversity sampled from the parent species
(Abbott, 1992) further enhancing the weedy risks
associated with such hybrids.

Contamination of natural genepools. Hybridization,
where accompanied by backcrossing to one or both
parents can lead to infiltration of genes from one species
to another. Such interspecific geneflow is known as
introgression. Although there is no evidence for
introgression following hybridization in Leucaena,
backcrossing is likely to occur at least in the case of
hybrids between L. leucocephala and L. diversifolia in
Veracruz, Mexico. From a conservation standpoint,
introgression can result in genetic contamination of native
populations and consequent loss of adaptive gene
complexes, or in extreme cases extinction of rare species
(Levin et al., 1996). Isolation from cross compatible
species should thus be considered in conservation efforts,
especially for rare species. For example circa situm
efforts to conserve rare species such as L. magnifica
(Chapter 8) could be compromised or displaced by
cultivation of other species, such as L. leucocephala in or
near the few small populations which remain of that
species.

Seed production. Crossing amongst species of Leucaena
cultivated as exotics in replicated field trials, research
arboreta, and routine plantings also has important
implications for use and conservation. Trials and research
arboreta, bccause they can involve several to many
species (in a few cases all species) planted in close
proximity on a single site, are the ultimate form of
artificial sympatry. It is well known that significant
proportions of open pollinated seed derived from such
plantings are crosses. For example Bray (1986: 350)
states that "much seed harvested in (and distributed

from!) nurseries is of outcrossed origin"; Brewbaker

(pers. comm.) states that at the University of Hawaii
Waimanalo Farm, “any (open pollinated) seedling could
have a variety of fathers". Howcroft (1994) reported that,
in Papua New Guinea, not unexpectedly, spontaneous
hybrids have occurred whenever species trials have been
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Table 7 Putative spontaneous hybrids (Hughes accessions refer to botanical collections)

Putative hybrid

Status

Distribution

Characteristics

L. leucocephala x
L. esculenta

L. leucocephala x
L. diversifolia

L. leucocephala x

72

L. leucocephala x
? L. lanceolata

L. leucocephala x
L. pulverulenta

L. leucocephala x
L. trichandra

? L. pallida x ? L.
diversifolia

L. pallida x ??

? L. pallida x ? L.
confertiflora

Investigated in detail (Hughes and
Harris, 1994); identity confirmed; sterile,
triploid, anthropogenic origin; named
using the epithet ‘mixtec” (Hughes, in
press)

Investigated in detail (Hughes and
Harris, in press); identity confirmed,
fertile, tetraploid, probable anthropogenic
origin following cultivation of parent
species; named using the epithet
‘spontanea’ (Hughes and Harris, in
press)

Identity unknown. Single tree (Hughes
1625 and 1788). Investigated by Hughes
and Harris (1994) without conclusion,
although female parent likely to be L.
leucocephala; possibly a three way
hybrid; anthropogenic origin almost
certain

Identity unconfirmed; five trees (Hughes
1745 and 1891) derived from seed
collected in a multi-species field
experiment in Honduras; anthropogenic
origin confirmed; weakly fertile

Identity unconfirmed; reported by
Dijkman (1950) from Indonesia and by
Correll and Johnston (1970) from Texas;
triploid, largely sterile, anthropogenic
origin

Identity unconfirmed; weakly fertile;
probable triploid; anthropogenic origin

Identity unknown; single tree (Hughes
1317) likely hybrid based on cpDNA
analysis of Harris et al. (1994a); weakly
fertile; anthropogenic origin likely

Identity unknown; single tree (Hughes
1882); probable anthropogenic origin;
weakly fertile; several possible parent
species growing in close proximity (L.
confertiflora, L. leucocephala, L.
esculenta, L. pallida and other putative
hybrids)

Identity unknown; fertile; several
collections (Hughes 1800 and 1801)
fertile, likely anthropogenic origin

Frequent but scattered sporadically
in six States in south central
Mexico; spontaneous in Sénégal
and Colombia (Hutton and
Tabares, 1982) following
introduction of parent species.

Common in parts of Veracruz,
Mexico, infrequent in
Huehuetenango, Guatemala;
spontaneous in Jamaica, Dominican
Republic, Haiti (Timyan, 1996),
Papua New Guinea and the
Philippines following introduction
of parent species

Single tree in backyard in the
village of Santiago Acatepec,
Puebla, Mexico

Five trees cultivated from seed on
a farm near Villa Alicia,
Siguatepeque, Honduras

Spontaneous in Western Java,
Indonesia and in south Texas, USA
where both parent species are in
cultivation

Apparently spontaneous in parts of
Indonesia where both putative
parents are introduced and
cultivated (Toruan-Mathius et al.,
1995)

Single tree from near Huautla,
Sierra Mazateca, Oaxaca, Mexico

Single tree, probably cultivated, in
the village of San Pedro Chapulco,
Puebla, Mexico.

Scattered trees in the village of
Santa Catalina Oxolotepec, Puebla

Artificial hybrid created in
Hawaii (K1000); seedless,
fast growing and psyllid-
resistant

Artificial hybrid created in
Hawaii (KX3) and
promoted for tropical
reforestation. Cool tolerant
and moderately psyllid-
resistant

Unknown

Unknown, but fast growing

Propagated by grafting in
parts of Indonesia for tea
shade in situations where
seedless trees are preferred

Cultivated from seed in
Indonesia (accession
RSBO1) from grafted seed
orchards

Unknown

Large tree, reputed to be
>70 years old

Unknown

established. Hutton (1981) also documents spontaneous
hybrids arising in the CIAT arboretum plots in Colombia.
This is certain to be the case in many other countries
also.

What is clear is that in order to guarantee the genetic
identity and purity of open pollinated seedlots, seed must
be produced in isolation from other species of Leucaena
(Brewbaker, 1983; Wheeler, 1991). This poses obvious
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problems for the maintenance and regeneration of ex situ
'iving collections (Bray, 1986) (Section 8.4) and routine
seed production. Most Leucaena breeders and seed
producers seem to accept that some contamination of
npen pollinated seed is inevitable, even with isolation of
seed orchards, particularly given the pantropical and
weedy distribution of L. leucocephala. If distribution of
undesirable hybrids is to be avoided this relies on
growers examining, detecting and roguing atypical
seedlings.

Field trials and containment. The fate of spontaneous
crosses, for example arising in trials, will always be
unpredictable. Seed of most will no doubt fail to
germinate, or seedlings will not survive. However, some
may persist for many years in the soil seed bank and
germinate later, for example after trials are cleared. Seed
from trial plantings may also be collected deliberately by
breeders, foresters or agronomists as a source of material
for distribution to other researchers for new trials or to
farmers for routine planting. Research station workers
and other visitors to trials may also collect seed for
planting back in their farms or gardens. For example,
five putative hybrid trees derived from spontaneous
crosses, possibly between L. leucocephala and L.
lanceolata, in a species elimination trial, were found
growing on the farm of a research station worker in
Honduras 30km from the trial site. In this case the
hybrids are apparently sterile or only weakly fertile and
will almost certainly not persist.

Identification. Finally, spontaneous (and to a lesser
extent artificial) hybrids will continue to present a
difficult challenge to those who have to identify them
and will tend to exacerbate existing confusion about
identification of species. One example of the difficulties
of identifying hybrids during seed collections from San
Pedro Chapulco, Mexico was outlined above. In this case
mis-identification of probable hybrids as L. pallida
resulted in misinterpretation of trial results (e.g. those
reported by Austin et al., 1995; 1997 and Sorensson et
al., 1994, where one or more of the ‘L. pallida"
accessions tested are probably in fact hybrids). Howcroft
(1994) reported that there is considerable doubt about the
identity of some taxa and putative hybrids in Papua New
Guinea. Identitication of hybrids is discussed in Section
10.6.

5.7 Artificial hybrids

Artificial hybrids are produced by hand crossing. This
involves extracting pollen from the anthers of one species
and applying it manually to the stigma of another, at the
same time isolating the flowers from insects pre- and
post-pollination and, for self fertile species, removing the
stamens (emasculation) to avoid selfing. High crossability
means that there are few genetic barriers to moving
genes from one species to another via artificial
hybridization. The high crossability of Leucaena species,
combined with the diversity of useful traits encountered

amongst species (Chapter 3) led Brewbaker and
Sorensson (1990; 1994) to consider the whole genus as
the potential genepool available for improvement and
breeding. As stated by Brewbaker (1995: 76), "exploiting
hybridization promises almost unlimited genetic diversity
Sfor Leucaena improvement in agroforestry systems". The
production of artificial hybrids has been the main focus
of Leucaena breeding efforts to date (Brewbaker and
Sorensson, 1990; 1994; Sorensson, 1995).

Tremendous progress in artificial hybridization has
already been made in Leucaena (reviewed by Sorensson,
1995). A wide variety of hybrids have been produced,
grown and evaluated. Many have shown useful
combinations of traits; some show hybrid vigour (a
phenomenon, known as heterosis, in which offspring of
crosses perform better than the average of the two
parents). A few hybrids have been widely tested,
subsequently bred and introduced into cultivation with
successful seed multiplication. Nevertheless, a number of
technical problems have been encountered and there is
much more to be done to fully realize the potential of
artificial hybridization in Leucaena. Hybrid breeding and
seed production are discussed in more detail in Chapter
9.

The first artificial hybrids in Leucaena were created
amongst five species in Hawaii (Gonzalez et al., 1967).
At that time the primary interest was in breeding a low
mimosine Leucaena (Section 3.7). This work provided
the first indication of the high crossability within the
genus. The hybrid between L. leucocephala and L.
pulverulenta was studied with particular interest because
of the low mimosine content of L. pulverulenta.
However, the first artificial hybrid that reached
widespread use was the intervarietal hybrid between the
Salvador and Peru types of L. leucocephala. This hybrid
combines the vigour of the Salvador type with the
superior branching habit of the Peru type to produce the
‘Cunningham" cultivar (Hutton and Beattie, 1976) which
still is the mainstay of Australian Leucaena forage
production systems, and which was subsequently
introduced much more widely, becoming important in
other countries such as Thailand (Manidool, 1983). Since
these early efforts, hybridization programmes have
expanded, mainly at the University of Hawaii, based on
work by Brewbaker (1983), Pan (1985) and most notably
Sorensson (1993) who undertook an ambitious crossing
programme amongst 15 species spanning almost a
decade. Continuous experimentation has refined
techniques for isolation, emasculation, pollen
manipulation (including collection, storage and analysis),
pollination and seed protection (Brewbaker, 1983;
Sorensson, 1988; 1995; Sorensson and Sun, 1990). A
step-by-step guide to hand crossing was produced by
Wheeler (1991) as part of a larger Guide to Management
of Leucaena Seed Orchards. Most aspects of artificial
hybridization are now routine, although further progress
is being sought on pollen storage (which may limit some
crosses due to non overlapping flowering times),
manipulation of flowering and production of unreduced
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gametes (Sorensson and Brewbaker, 1987b; Sorensson,
1995; 1997). Lack of routine protocols for large scale
vegetative propagation is also a major limitation in
hybrid programmes (see below).

As noted earlier, there are three ploidy-specific types of
hybrids, diploid (diploid x diploid), tetraploid (tetraploid
x tetraploid) and triploid (tetraploid x diploid). Each has
potential to contribute to breeding. However, by far the
greatest emphasis so far has been on tetraploid hybrids
used to modify L. leucocephala via hybridization and
backcrossing with other tetraploid species. There has also
been considerable interest in production of triploid
hybrids which are generally seedless, and in production
of tetraploid versions of ‘triploid " hybrids via unreduced
gametes (Sorensson and Brewbaker, 1987b; Sorensson,
1997). However, there has been comparatively little
interest to date in use of diploid hybrids as raw broad
based germplasm for further manipulation and
domestication (Sorensson, 1995).

Tetraploid hybrids. Hybridization in Leucaena has been
seen to date largely as a way to improve and broaden the
genetic base of L. leucocephala by incorporating genes
from lesser known species as a means of overcoming
specific limitations (reviewed in Chapter 3), such as high
mimosine, lack of cold tolerance or susceptibility to the
psyllid (Brewbaker and Sorensson, 1990; 1994;
Brewbaker et al., 1989). This work has been concentrated
on hybridization amongst three of the four known
tetraploid species, L. leucocephala, L. diversifolia and L.
pallida which are completely cross compatible and were
considered to be the ‘primary genepool® by Sorensson
and Brewbaker (1994). The three hybrids, L. pallida x L.
diversifolia (KX1), L. leucocephala x L. pallida (KX2)
and L. leucocephala x L. diversifolia (KX3) have thus
been the main focus of attention and illustrate both the
potential and some of the difficulties of hybrid breeding.
Two of these have shown particular promise.

L. leucocephala x L. pallida (KX2). The artificial hybrid
between L. leucocephala and L. pallida (designated KX2
by the University of Hawaii) has perhaps caused more
interest than any other over the last five years (Austin et
al., 1995; 1997; Brewbaker and Sun, 1996; Shelton and
Brewbaker, 1994; Sorensson, 1995; Sorensson and
Brewbaker, 1986; Sorensson et al., 1994; Castillo and
Shelton, 1994; Castillo et al., 1994). This interest has
been driven primarily by its excellent psyllid resistance
and exceptional forage yields which match previous
yields obtained from L. leucocephala prior to the psyllid
(Austin et al., 1997). It has a spreading branchy habit,
ideal for forage production, excellent psyllid resistance,
some cool tolerance, excellent seedling vigour (clear
hybrid vigour or heterosis) and is a shy seeder, a set of
traits that make it attractive for fodder use (Austin et al.,
1995; 1997; Brewbaker and Sun, 1996; Shelton and
Brewbaker, 1994; Sorensson, 1995; Sorensson and
Brewbaker, 1986; Sorensson et al., 1994; Wheeler and
Brewbaker, 1990; Castillo et al., 1994). However, doubts
remain over the nutritive value of KX2 leaves, which

have a lower edible fraction, higher condensed tannin and
lower digestibility than L. leucocephala (Wheeler et al.,
1994). :

KX2 segregates wildly and, although it is self
incompatible, it may segregate self compatible
individuals in later generations (Sorensson, 1995).
Castillo et al. (1994) and Wheeler et al. (1994) also
showed that KX?2 hybrid populations are highly variable
in leaf condensed tannin content. This suggests that there
may be good scope for selecting high yielding, psyllid-
resistant trees with moderate condensed tannin content
and acceptable digestibility (Castillo et al., 1994; Bray,
1995b). Five cycles of recurrent mass selection for early
growth, psyllid resistance and low leaf condensed tannin
levels in populations of as many as 1500 have been
undertaken in Hawaii to obtain stable KX2 lines
(Brewbaker and Sun, 1996) which are high yielding, with
highly nutritious foliage and good psyllid resistance
(Wheeler er al., 1994). Advanced generation Fy hybrids
developed from 15 families, known by the varietal name
‘Ohana’ (Hawaiian for extended family) have been used
to produce seed which is now available commercially in
small quantities from the Hawaiian Agricultural Research
Centre (Austin and Osgood, 1996).

L. leucocephala x L. diversifolia (KX3). As well as
occurring spontaneously in a number of countries (see
above), the hybrid between L. leucocephala and L.
diversifolia has been created artificially in Hawaii
(Brewbaker et al., 1988; Brewbaker and Sorensson, 1990;
Sorensson, 1995) and has caused wide interest amongst
those concerned with tropical tree planting. Both parent
species are tetraploid and self fertile (Brewbaker, 1983;
Sorensson, 1989a); the hybrid has been shown to be a
self compatible tetraploid and is a prolific seeder
(Brewbaker and Sorensson, 1990; 1994). Compared to
most other hybrids, seed production of KX3 is thus
straightforward. It is strongly arborescent in habit and
can be very vigourous, particularly on mid elevation sites
where cooler conditions do not favour the growth of L.
leucocephala  (Brewbaker and Sorensson, 1987a;
Brewbaker er al., 1988). It shows moderate, and possibly
adequate psyllid resistance, for wood production, or for
forage production under low-moderate psyllid pressure.
Open pollinated seed of this hybrid was widely
distributed from Hawaii in the last decade, particularly to
Asian countries for experimental field testing as one
entry in the Leucaena Psyllid Trial network (e.g. Glover,
1988). The prolific seeding of this hybrid means that it
has the potential to spread and become weedy (Fig 8E)
(Sections 3.9 and 5.6).

Although F, hybrids are reasonably uniform, segregation
has been observed among advanced generation progeny
of KX3 (de Freitas et al.,, 1991; Sorensson, 1995). De
Freitas ef al. (1991) observed considerable variation in
flower colour amongst F,, F, and F, generation material
and aneuploidy with 86-103 chromosomes as well as the
normal 104. Segregation in F, and subsequent generations
can produce both individuals of exceptional vigour and
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stunted trees of little value and early roguing of seedlings
of open pollinated seed is needed. In order to create more
stable lines of KX3, several generations of selfing and
recurrent selection for habit, vigour and cool tolerance
have been undertaken (Brewbaker and Sun, 1996).

Sterile triploid hybrids. Alongside tetraploid hybrids,
many authors have discussed the attractions of sterile or
near sterile, seedless or virtually seedless triploid hybrids
(Brewbaker, 1988; Brewbaker and Sorensson, 1990;
Brewbaker and Sun, 1996; Dijkman, 1950; Lammers,
1940; Lowry et al., 1984; Sorensson, 1995). Interest in
seedless hybrids has increased in recent years with
growing awareness of the conservation and wider
environmental problems posed by invasive weeds such as
L. leucocephala (Hughes, 1994; 1995) (Section 3.9). The
principal advantages of seedless hybrids are the
climination of weediness risks and concentration of
photosynthates in leaf and wood rather than pod and seed
production. Brewbaker and Sun (1996) estimated that 30-
50% of photosynthate is used in pod and seed production
by the self fertile and very seedy common varieties of L.
leucocephala subsp. leucocephala. They postulated that
seedlessness could therefore contribute to major increases
in wood and leaf yields. However, seedless hybrids tend
to have extended flowering periods due to inhibition of
seed set (Stace, 1975; Brewbaker and Sorensson, 1990;
Hughes and Harris, 1994) and may therefore devote
significant resources to production of extra flowers.
Nevertheless, several seedless triploids have proved to be
extremely vigourous although diversion of photosynthates
has not been proven (Sorensson, 1995). Seedless hybrids
are thus viewed as environmentally benign for planting
in conservation sensitive environments and agroforestry
systems where weediness of seedy L. leucocephala can
be a problem. Finally, seedless hybrids may prove to be
attractive ornamentals with their extended flowering
periods (Brewbaker and Sorensson, 1990).

The first sterile, or near sterile triploid hybrid to be used
commercially was the L. leucocephala x L. pulverulenta
hybrid which had arisen spontaneously in Indonesia (see
above). Interest in this hybrid arose in Indonesia because
of problems of natural regeneration and weediness of
seedy L. leucocephala when planted as a shade tree over
tea and coffee. The sparsely seeding hybrids were noticed
and subsequently propagated by grafting (Dijkman,
1950). Wider interest in this hybrid elsewhere was driven
by attempts to breed low mimosine lines by combining
L. pulverulenta, with its known low mimosine content
(Section 3.7), with L. leucocephala. With this in mind
this hybrid was recreated artificially in Hawaii (Gonzalez
et al., 1967), Australia (Bray, 1984; 1986; Bray and
Fulloon, 1987; Bray et al., 1988), India (Gupta, 1990;
Gupta er al., 1986), and Colombia (Hutton, 1985). As
well as having lower mimosine content, it proved to be
extremely vigourous (Gonzalez et al., 1967), significantly
out yielding L. leucocephala (by 70% in leaf production
and 100% in wood production) (Bray, 1986; Bray et al.,
1988). Quite apart from the obvious propagation
difficulties, expectations that this hybrid might be a

highly productive, high quality forage plant were short
lived due to its overwhelming susceptibility to the psyllid
(Section 3.4). Multiple breeding objectives (e.g. vigour,
low mimosine, high nutritive value) which may change
(e.g. to add psyllid resistance) can make the ideal hybrid
a complex and elusive moving target. The L.
leucocephala x L. pulverulenta hybrid remains an
attractive fodder tree in areas with low psyllid pressure
such as northern India (Gupta, 1990) where dry season
leaf retention was also found to be superior to L.
leucocephala.

A set of other sterile or near sterile triploid hybrids have
been created and have proved to be fast growing,
offering diverse combinations of useful traits. The L.
leucocephala x L. esculenta hybrid has been artificially
recreated in Hawaii, designated as ‘accession® K1000,
(Sorensson and Brewbaker, 1994; Brewbaker and Sun,
1996). The seed sterility of this triploid has been verified
in artificial hybrids in Hawaii (Brewbaker et al., 1989;
Sorensson, 1995) and Colombia (Hutton, 1988) and has
been attributed to chromosome irregularities observed at
meiosis (Hutton and Tabares, 1982) and consequent low
pollen viability of between 1-8% (Hughes and Harris,
1994) and 13% (Hutton and Tabares, 1982). The L.
leucocephala x L. esculenta hybrid is an extremely
vigorous and leafy tree (Fig 8F), shows outstanding
psyllid resistance, and being seedless, poses no risk of
weediness, making it one of the most attractive Leucaena
hybrids for reforestation assuming the problems of
propagation can be overcome (Brewbaker et al., 1989;
Brewbaker and Sun, 1996). The copious gum produced
by some individuals of this hybrid has been noted to be
similar in composition to gum arabic (Brewbaker and
Sorensson, 1990; 1994).

Other seedless triploid hybrid combinations, such as L.
leucocephala x L. trichandra or L. diversifolia x L.
pulverulenta (Hawaii accession K1001) also have the
potential to combine high psyllid resistance, cold
tolerance and vigour (Sorensson, 1995). Triploid hybrids
between L. leucocephala and L. trichandra apparently
arose spontaneously in Indonesia (Toruan-Mathius et al.,
1995) and have been created in Hawaii (Sorensson,
1995). They set few seeds, have good in vitro dry matter
digestibility, are highly psyllid-resistant and moderately
cool tolerant (Sorensson, 1995; Toruan-Mathius et al.,
1995). In order to take advantage of the great genetic
variability now known to characterize L. trichandra
(Sections 3.8 and 6.3), choice of accession or provenance
to be used in any crosses of this hybrid will be critical;
superior accessions from south east Guatemala (Sections
3.8 and 6.3) should be included.

5.8 Conclusions

The history of Leucaena since Man first arrived in
Mexico several millennia ago is one of progressive
disturbance of natural populations, disruption of species
distributions,  cultivation, and of spontaneous
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hybridization. Anderson (1949) was amongst the first to
note the close association between habitat disturbance
and hybridization. He emphasized the importance of
human movement of plants, bringing otherwise isolated
species into contact with weedy, domesticated and
incipiently domesticated species and ecological
disturbance which may create the ecological niches in
which hybrids may become established and thrive. Since
Anderson’s pioneering work on hybrids many examples
of interspecific hybridization following introduction of
one species into the range of another have been
documented (reviewed by Abbott, 1992; Abbott and
Milne, 1995). Ecological disturbance continues to
accelerate virtually throughout Mexico and Central
America; farmers there continue to exchange, cultivate
and experiment with different species of Leucaena; it
seems probable that spontaneous hybrids will become
even more common than they are already as a result of
indigenous domestication.

At the same time, introductions of Leucaena species
outside Mexico and Central America have accelerated
dramatically in the last decade, both geographically and
in terms of numbers of species and provenances (Section
6.2; Appendix 3). There are few tropical countries where
L. leucocephala is not now cultivated, and in many it is
extensively naturalized and weedy (Section 3.9). This
means that any other introduced species is likely to
encounter at least L. leucocephala. Several spontaneous
hybrids which have arisen amongst species of Leucaena
when planted as exotics have already been documented.
This unprecedented movement of larger numbers of
species will undoubtedly spawn a new wave of
spontaneous hybrids in coming years. Hybridization will
be promoted by weak crossing barriers, unspecialized
pollinators, long tlowering periods of some species and
habitat disturbance.

The potential of artificial hybridization to create new,
adaptable, highly vigourous, high quality, and, if desired,
seedless hybrids has already been demonstrated.
Although only a handful of artificial hybrids are so far in
routine use, and problems of hybrid seed production or
vegetative propagation remain to be overcome, with

modest investment in breeding, there are good prospects
to realize this potential more fully. Planting of Leucaena
is likely to be dominated by artificial hybrids in the
future.

The words of Weiner (1994: 244 and 242) aptly sum up
the domestication, ancient and modern, of Leucaena -
"We bring strangers together to make strange bedfellows,
and we remake the beds they lie in, all at once...... Thus,
our disturbances hybridize both the environment and the
species. We are hybridizing the planet”. There is no
doubt that we are, either directly or indirectly,
hybridizing Leucaena and that hybrids, either
spontaneous or artificial, will be increasingly prominent
and important in the future. The end point of this process
is difficult to envisage. There are few examples of other
woody genera with high interspecific crossability whose
species have been widely cultivated and introduced. Two
genera that provide a possible vision of the future of
Leucaena are Salix and Populus. Salix species are
notorious for their high crossability (Mosseler, 1990) and
proliferation of spontaneous hybrids following
introduction and cultivation (Meikle, 1984; Cremer et al.,
1995). For example, in UK 64 hybrid combinations are
known to occur (Stace, 1991) and there are several
examples of loss of integrity of native Salix species
following spontaneous hybridization with introduced
species and cultivars (White, 1994). Ten of the UK Salix
hybrids are between three species, one is a hybrid
between four species (Stace, 1991) and the possibility of
a single hybrid made up of all the species occurring in
Britain has been mooted (Meikle, 1984). In Australia at
least seven different two-way and two three-way hybrids
have resulted so far from the 100 or so introductions of
species and varieties of Salix (Cremer et al., 1995). This
has resulted in new hybrid species, new weeds, problems
of identification (Meikle, 1984; Stace, 1991; Cremer,
1995), difticulties of containment of hybrids in the
nursery trade, and growing concerns, in Australia, about
the undesirable impacts of willows on riparian
environments (Cremer et al., 1995). The scale and impact
of hybrids in Salix provide some likely scenarios for the
future development of Leucaena.
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6 Germplasm collections

6.1 Introduction

Topics covered in this chapter include the history and
status of the major Leucaena seed collections, the
differing sampling strategies they employed and, related
to this, a summary of what is known about patterns of
variation within species. A short section on future
collecting priorities is included. Discussions on seed
multiplication strategies, domestication, and issues
relating to access to genetic resources are discussed in
Chapter 9. Practical aspects of seed collection, storage,
and pretreatment are covered in Chapter 7. The major
Leucaena seed collections are summarized in Table 8 and
the specific origins of the handful of most widely
cultivated accessions listed in Table 12, Chapter 9. The
recently compiled World Leucaena Catalogue (Bray et
al, 1997) provides a comprehensive list of seed
accessions with standardized passport data for all the
major Leucaena collections and is an important source of
more detailed information. Detailed data and information
about the OFI Leucaena seed collections is included in
Appendix 2.

6.2 History of introduction

The genetic resources of Leucaena have been under
scrutiny as a source of useful plants for at least the last
two millennia. Incipient domestication of Leucaena
species for food use in Mexico (Chapter 4) meant that
Leucaena seed was already being collected and
transported within Mexico in pre-Columbian times. There
is evidence to suggest that the distributions of widely
used species such as L. esculenta were greatly extended
within Mexico by this process. Seed of a wide range of
Leucaena species continues to be transported around
Mexico today as species continue to be introduced into
cultivation in new areas.

Leucaena leucocephala. The first introduction of
Leucaena outside Mexico and Central America was of
the shrubby *‘Common" type of L. leucocephala
belonging to subsp. leucocephala, which is reported to
have been introduced to the Philippines before 1815
(Merrill, 1912). Communication between Spain and the
Philippines during the Spanish occupation was via
Mexico and relied on the annual Spanish government
galleons that sailed between Acapulco and Manila from
1521 until 1815 (Merrill, 1912). During this period nearly
200 tropical American species including a number of
well known legume trees such as Acacia farnesiana,
Gliricidia sepium, Pithecellobium dulce, Prosopis
juliflora and Samanea saman along with Leucaena were
introduced (Merrill, 1912). L. leucocephala is recorded in
Blanco’s (1845) Flora of the Philippines (cited in Merrill,

1918) but beyond this the precise date of introduction is
not known although some speculate that it may have
been introduced before 1600 (Brewbaker et al., 1972;
Brewbaker and Hutton, 1979; Pound and Martinez-Cairo,
1983). By the early years of this century, in the
Philippines, L. leucocephala was already "so thoroughly
naturalized, common and widely distributed that the
casual observer would consider it a native species”
(Merrill, 1912), again indicating that it had been present
there for some time. The source within Mexico, of the
original L. leucocephala material introduced to the
Philippines is not clear. L. leucocephala is indeed found
today abundantly around Acapulco, the area alluded to as
the source by Brewbaker et al. (1972) and Pound and
Martinez-Cairo (1983), but all trees from that area and
indeed from most of the western Pacific coast of Mexico,
belong not to subsp. leucocephala, but to subsp. glabrata
(Fig 44). However, it is quite possible that seed and/or
pods of subsp. leucocephala were transported to
Acapulco from elsewhere in Mexico by the Spanish who
were undoubtedly aware of the indigenous use of
Leucaena for human consumption (Chapter 4) although
the Spanish themselves apparently had little interest in
eating Leucaena seeds (Zarate, 1997). The exact
motivation for introducing Leucaena from Mexico to the
Philippines remains unknown. Food use, use as feed and
bedding for horses, as suggested by Brewbaker et al.
(1972) and Pound and Martinez-Cairo (1983), or
accidental movement provide possible explanations.
Although pods and seeds of Leucaena are used for food
in parts of Asia, including Indonesia, Thailand, the
Philippines and Vietnam, today (National Academy of
Sciences, 1984; Brewbaker and Hutton, 1979; Whiting,
1982; Manidool, 1983; Pound and Martinez-Cairo, 1983;
Wirjodarmodjo and Wiroatmodjo, 1983, Brewbaker,
1987b; Sampet et al., 1995), it seems unlikely that this
was introduced by the Spanish from Mexico. It seems
more likely to have been discovered there independently
in forms compatible with local culinary practices through
use of young leafy shoots as vegetables and in soups
(Manidool, 1983), young seedling sprouts (3-day old
roots) and preparation of fermented tempeh from
Leucaena seeds in parts of Java, Indonesia.

By the late 19th Century subsp. leucocephala had spread
or been introduced widely through Asia and Africa and
it is now pantropical and recorded from the majority of
tropical and subtropical countries (e.g. Lock, 1989 for
Africa; Nielsen, 1992b for Malesia). Herbarium records
confirm that subsp. leucocephala has been widespread in
the Caribbean, Africa and Asia at least since the latter
part of the 19th Century. Recent isozyme studies of more
than 100 accessions indicate that naturalized populations
of subsp. leucocephala outside its native range in the
Americas comprise a single genotype (Brewbaker and
Sun, 1996).
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L. leucocephala subsp. leucocephala is a colonizer of
ruderal sites and secondary or disturbed vegetation in
many places such as the Philippines where Merrill
observed it to be already very abundant in 1912. This has
been attributed to its precocious year-round flowering and
fruiting, abundant seed production, self fertility, hard
seed coat, and ability to resprout after fire or cutting. It
is now naturalized and weedy in many areas (Section
3.9). On some Pacific islands, spread was accelerated by
aerial seeding for rehabilitation of eroded lands (e.g. on
Guam: Debell and Whitesell, 1993) and on some islands
such as Hawaii it now forms extensive dense
monospecific thickets.

It is clear that subsp. leucocephala was introduced much
earlier than subsp. glabrata (see below) which was
widely introduced across the tropics only in the last few
decades. Thus, most pre-1950 agronomic investigation
and most Flora treatments (e.g. Brenan, 1959, FL
Tropical East Africa; Brenan and Brummitt, 1970, FL
Zambesiaca;, Ross, 1975, Fl. Southern Africa; Elias,
1974, USA; Barreto Valdéz and Yakovlev, 1982, Cuba;
Merrill, 1912, F1. Manila, Philippines; Nielsen, 1992b, Fl.
Malesiana), and references to naturalization and
weediness (Section 3.9; Cronk and Fuller, 1995), refer to
subsp. leucocephala.

That spread of subsp. leucocephala preceded subsp.
glabrata was confirmed during testing of accessions from
around the world for forage during the 1950s, which
revealed all non Mesoamerican accessions to be of subsp.
leucocephala (Hutton and Gray, 1959; Brewbaker et al.,
1972; Batson et al, 1984). L. leucocephala subsp.
glabrata corresponds to the ‘Giant* or ‘Salvador® type
(Zarate, 1987a) recognized by agronomists in the 1950s
and 1960s. Its superior vigour, erect habit and branching
characteristics compared to the previously tested shrubby
“Common’ type (subsp. leucocephala), were recognized
following introduction to Hawaii in 1945 of material
collected near Joc6ro, in Morazin Province, El Salvador
(Brewbaker et al, 1972; Brewbaker, 1980). Its
designation as the ‘Salvador® type refers to this original
collecting locality. Following trials in Hawaii (Brewbaker
et al., 1972) and Australia (Gray, 1967), one variety,
designated K8 was formally released by the University of
Hawaii (Brewbaker, 1975), and a handful of others (K28,
K67, K72 etc.) followed. Active promotion of the
‘Giant® varieties for reforestation by national and
international development agencies and numerous NGOs
from the mid 1970s onwards (e.g. National Academy of
Sciences, 1984; Philippine Council for Agriculture and
Resources Research, 1978; International Development
Research Centre, 1983; Kaul et al., 1983 in India) meant
that subsp. glabrata was moved around the tropics very
rapidly and extensively (Pound and Martinez-Cairo,
1983; Brewbaker 1987b). Only a handful of self fertile
accessions of subsp. glabrata, several of which originate
from cultivated material from El Salvador, have been
widely introduced leading to concerns about genetic
vulnerability of single ‘variety" plantations (Brewbaker,
1980; 1985; see below).

A third agronomic variant, the so called ‘Peru’ type was
recognized (Gray, 1968; Brewbaker and Hutton, 1979;
Brewbaker, 1980) based on material introduced to
Australia from Argentina, but of supposed Peruvian
origin, and characterized by the erect habit of the
‘Giant® type but the greater branchiness of the
‘Common® type. The ‘Peru’ type apparently belongs
within subsp. glabrata, although the original material has
not been traced to verify this. The bred line
* Cunningham", released and widely planted in Australia
(Gray, 1967; Hutton and Beattie, 1976), is a cross
between the ‘Salvador' and ‘Peru’ types and is
therefore also attributable to subsp. glabrata.

Other species. Although early (pre-1850) introductions
of Leucaena were apparently confined to L.
leucocephala, several other species were introduced to
Asia, and a number of Caribbean islands for cultivation
as shade trees over coffee or cacao in the second half of
the nineteenth century. For example L. pulverulenta, L.
diversifolia, and possibly L. trichandra were introduced
by Dutch foresters to Indonesia in the late 1800s
(Dijkman, 1950) and L. diversifolia to West Africa
(Cameroon and Ivory Coast) and the Caribbean (Jamaica
and Dominican Republic) at about the same time.

Introduction of the remaining species of Leucaena
outside Latin America has occurred only in the last few
decades. With the advent of genetic improvement,
breeding and hybridization programmes, two major seed
collections of Leucaena were assembled in Hawaii and
Australia (see below). These collections included an
increasing range of species which were grown initially in
experimental trials in Hawaii and Australia. However,
greater momentum for closer scrutiny of the full range of
lesser known species and their wider introduction and use
in hybridization came with the spread of the psyllid in
the mid 1980s and early 1990s (Section 3.4). In 1987
NFTA established a network of trials, the Leucaena
Psyllid Trial (LPT), to evaluate psyllid resistance and
growth rates of various Leucaena species and hybrids
(Glover, 1987). This involved the introduction of a
number of accessions of L. diversifolia, L. pallida and
their hybrids with L. leucocephala for the establishment
of field trials initially in the Philippines, Thailand,
Indonesia and Australia. The LPT programme expanded
to include both more species, such as L. collinsii, L.
esculenta and L. trichandra and hybrids, and more trials
- 28 in total in 16 countries throughout Asia (Wheeler
and Brewbaker, 1989; 1990). As the OFI seed collections
were assembled and completed in 1993, seed of an even
wider range of species has become available for the first
time. A handful of early OFI Leucaena seedlots (L.
collinsii subsp. zacapana, L. leucocephala subsp.
glabrata and L. shannonii) were distributed as part of the
international Dry Zone Hardwoods, DZH trial network
(Hughes and Styles, 1984). The observed superior
performance of L. collinsii subsp. zacapana on a range
of sites was a notable result of this trial series (Stewart
and Dunsdon, 1994). The completed OFI Leucaena seed
collections have been used to establish a new trial
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network to test a wider range of species, provenances and
hybrids on a wider range of sites across the tropics and
this has led to a dramatic expansion in both the number
of species introduced and the number of countries
importing new material (Pottinger, 1995). By 1997, more
than 80 trials had been established in more than 30
countries based on the OFI seed collections (Appendix 3)
under the umbrella of LEUCNET (Shelton and Pottinger,
1995).

Protocols for introductions. Introductions of Leucaena
species, in common with virtually all movement of plants
around the globe, have been undertaken with minimal
regulation (other than standard phytosanitary controls),
little concern about the outcome, and lack of awareness
about possible risks (Section 3.9; Hughes, 1994; 1995).
However, the growing awareness of the problem of
biological invasions in general (Williamson, 1996) and
plant invasions in particular (Cronk and Fuller, 1995)
means that regulation of species introductions in many
countries is set to change. New protocols are adopting a
guilty-until-proven-innocent approach with detailed risk
assessment prior to permitting new introductions
(Pheloung, 1995; Hughes, 1995). The implications of this
for Leucaena and the risks associated with Leucaena
species are considered in detail in Section 3.9.

6.3 Seed collections

With the emergence of Leucaena as an important forage
plant, systematic seed collections started in the 1960s and
since that time, three major collections of Leucaena
species have been assembled by the University of Hawaii
(UH), USA, The Commonwealth Scientific and Industrial
Research Organization (CSIRO), Australia and the
Oxford Forestry Institute (OFI), UK. The background,
history, sampling strategies and status of these collections
were reviewed by Hughes et al. (1995). This section is
based largely on that review. A comprehensive catalogue
of the major international and national seed collections of
Leucaena has recently been compiled (Bray et al., 1997).

University of Hawaii: Work to assemble the first
germplasm collection of Leucaena was started by the
University of Hawaii in 1962, initially based on
miscellaneous seedlots acquired around the globe from a
variety of cultivated non native sources of L.
leucocephala. Systematic efforts to explore and collect
seed from the natural populations of Leucaena began in
the late 1960s with an expedition by Brewbaker in 1967
to Mexico and neighbouring countries in Latin America.
This collection included a range of Leucaena Species
other than L. leucocephala, for the first time. Seed
collections by researchers from Hawaii, led by
Brewbaker, continued intermittently over the next 20
years with tive more major expeditions in 1977, 1978,
1985, 1988 and 1997 sampling wild populations
throughout Latin America (Brewbaker and Sorensson,
1994). By 1988, a large collection had been assembled
and grown in Hawaii including more than 1000

accessions representing most taxa, although still
dominated by L. leucocephala which accounted for 541
accessions. Seedlots are documented with basic passport
data held on a spreadsheet using the "K" number series
running chronologically from K1 onwards. Seed from the
Hawaii collection has been widely distributed for testing
and includes the well known and widely planted K8 and
K636 varieties of L. leucocephala and the K156 variety
of L. diversifolia (Table 12). This collection also forms
the core of several other large germplasm collections
(approx. 90% of the USDA collection and a significant
proportion of the NSSL, ILCA and IGFRI collections).
Identities are verified from living collections in Hawaii.

CSIRO: From the mid 1950s up to the mid 1970s
CSIRO assembled a largely opportunistic collection of
200 accessions, mainly of L. leucocephala from non
native sources. Extensive targeted collections were made,
in Mexico and Colombia, in 1978-79 by Bob Reid,
working with Sergio Zarate. As well as increasing the
range of variation available both in terms of numbers of
species and variation within species. Particular attention
was devoted to L. pulverulenta (for breeding for low
mimosine) and L. leucocephala (from marginal
environments both dry and cool) (Bray, 1986). Passport
data is documented under the CPI (Commonwealth Plant
Introduction) numbering system in the purpose designed
UNIX-based data management system of the Australian
Tropical Forages Genetic Resource Centre.

Oxford Forestry Institute: In the mid 1980s, OFI
started to assemble a new Leucaena seed collection
prompted by the discovery, or rediscovery, of a number
of little known and potentially valuable species in
Guatemala and Honduras, that had apparently been
overlooked by previous collecting expeditions and by the
realization that several of these species were under threat
of substantial genetic erosion or even extinction (Hughes,
1986; 19884; Hellin and Hughes, 1993). The main
objective of the OFI programme was to assemble a
comprehensive collection including all Leucaena species,
but concentrating on lesser known species other than L.
leucocephala. Over the period 1984 to 1993, a series of
annual expeditions to Mexico and Central America
allowed collections to be made in collaboration with the
Forest Authorities and tree seed banks in the region.
These collections are now complete and are documented
using a customized seed database, SISTEM+ (Filer,
1997) (Appendix 2). Identities are verified from botanical
voucher specimens deposited in major herbaria in Central
America, Mexico, U.S.A. and Europe (Appendix 2).

National Collections: National collections or collections
at regional centres such as ILCA or CIAT, are largely
derived from these three international collections. In
addition, several contain small numbers of unique
accessions from their local areas. A good example would
be the L. trichandra collection RSBO1 from Indonesia
(Oka, 198Y). Within Mexico and Central America a
number of agencies maintain seed collections of local
species from natural populations. The national tree seed
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banks in Guatemala, Honduras and Nicaragua are notable
in this respect and regularly collect seed from natural
stands of a wide range of native Leucaena species, for
direct use in tree planting projects.

Sampling strategies. The three major international seed
collections employed different sampling strategies
reflecting the contrasting methods applied in agricultural
crop germplasm collections and forest tree improvement.
The Hawaii and CSIRO collections were assembled
essentially as for any crop germplasm collection with
short duration collection expeditions, sampling widely
across localities and including small but variable numbers
of parent trees, the resulting seedlots termed accessions.
An accession can be progeny from a single parent tree or
from several trees, but rarely includes more than ten
parents. Although this approach makes little attempt to
select particular trees within natural populations or to
assemble representative population samples, it allows cost
effective sampling of as many sites as possible within the
time available, ensuring coverage of as broad a range of
environments as possible by sampling in relation to soil
changes and microclimate. Unreplicated arboretum style
trials are used to initially screen the large number of
accessions collected, relying on seed increase from
superior accessions for further evaluation and breeding.

In contrast, forest tree improvement programmes which
have largely worked with out crossing species, follow
highly structured sampling strategies in seed collections
from wild populations. Longer seed collection
expeditions enable large numbers of parent trees to be
sampled across populations, avoiding neighbouring trees,
to assemble bulk collections termed provenances. These
collections usually include a minimum of 25 parent trees
and often up to 50-60, and are expected to be genetically
diverse and amenable to subsequent selection and
breeding. This permits seed source identity to be
maintained and provenance variation to be utilized as a
starting point in any improvement programme. The larger
quantities of seed collected are sufficient to supply many
trials and other plantings such as seed production stands.
In many cases, individual tree seedlots are also collected
at the same time. Such an approach, with maintenance of
family identity, allows establishment of family-based
half-sib progeny trials and seed orchards (out crossing
species) and aims to maintain much stricter control over
pedigree and a much broader genetic base within
provenances. It also provides material for investigation of
population genetics (e.g. Chamberlain et al., 1996). This
was the approach followed in the OFI collections.

Duplication. Table 8 summarizes the numbers of
accessions in the main seed collections of Leucaena. It is
immediately apparent that there is a significant degree of
duplication, roughly estimated here as greater than 25%,
across collections.This means that the total number of
original or unique accessions is almost certainly
considerably fewer than 3,000. Duplication can take
several forms. Firstly, there may be internal duplication
within collections, but this is quite limited within the

major Leucaena seed collections. Secondly, duplication
of seedlots between collections can occur when material
is exchanged and distributed. For example, some material
from the UH collection is represented in the CSIRO
collection and vice versa, and the USDA collection is
largely derived from the UH collection etc. Finally,
duplication can arise through independent collection of
material by different organisations from the same
population. Just how common, or important, this latter
aspect is, has not been investigated. The percentage
duplication tigures shown in Table 8 are approximate
estimates and refer to the second type of duplication
across different collections. A full analysis of all types of
duplication and detailed identification of duplicate
collections remain to be carried out for Leucaena
although Bray et al. (1997) make a start on this process.

The domination of L. leucocephala, although diminished
following the new OFI collections, remains significant
with over 50% of all collections of that one species.
Given the marked lack of genetic diversity that has been
found within L. leucocephala (Sections 6.3 and 9.3;
Harris et al., 1994b), and particularly within the shrubby
subsp. leucocephala (Brewbaker and Sun, 1996), a large
fraction of these accessions are likely to be genetically
uniform and therefore redundant. In contrast, the much
higher level of genetic variation known to exist in other
species such as L. diversifolia, L. trichandra (see below),
and others, is only sparsely represented in the collections.
A few species such as L. confertiflora, L. cuspidata, L.
involucrata, L. matudae and L. pueblana are represented
by only a handful of accessions.

The number of accessions in a collection gives little
indication of either the level of genetic diversity sampled
or the availability of seed. Levels of genetic diversity
within accessions vary according to the number of parent
trees sampled, and other factors (Section 6.4). Seed
quantities for many of the accessions are very limited.
For example more than 500 of the accessions held by the
University of Hawaii have 100 or fewer seed in stock.
CSIRO aims to maintain 200g of seed available of all its
accessions but has succeeded in this only for self fertile
types. A similar situation applies to the USDA and some
other collections. The NSSL and Kew collections are in
essentially ‘permanent” long term storage and are ‘not
accessible’. This effectively means that a large fraction
of the accessions listed in Table 8 are not available for
use and testing without regeneration. Larger seed
quantities are available for the remainder of the
accessions and for the much of the OFI collection. With
three major independent international germplasm
collections each with their own numbering systems and
a series of national and other collections partially derived
from them, also with their own numbering systems, it is
not surprising that considerable confusion surrounds the
identity of material in many collections. A world
Leucaena catalogue (Bray et al., 1997) provides a
complete list of accessions, standardised passport data,
some cross referencing between collections and a rough
assessment of overall duplication. However, there is no
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Table 8 Major Leucaena seed collections showing numbers of accessions (modified from Hughes ef al. (1995). A
listing of all accessions and associated data is provided in (Bray et al., 1997)

Species' UH? USDA® OF** CSIRO NSSL? Kew® ILCA IGFRI TOTAL
L. collinsii 37 19 5(113) 10 - 4 4 11 198
L. confertiflora 2 - 5(18) 4 - - - - 24
L. cuspidata - 1 5(20) 2 - - 1 - 24
L. diversifolia 54 53 16(88) 15 1 3 21 29 264
L. esculenta 55 23 2(34) 13 2 2 3 10 142
L. greggii ) 32 7 3(50) 9 - - 1 30 129
L. involucrata - - 2 - - - - - 2
L. lanceolata 47 35 7(83) 41 1 3 3 35 248
L. lempirana - - 2(82) - - 2 - - 84
L. leucocephala 541 493 19(78) 590 125 4 102 268 2201
L. macrophylla 17 6 4(30) 19 - 2 2 12 88
L. magnifica 5 - 3(55) - - 2 - - 62
L. matudae 3 - 1(14) - - - - - 17
L. multicapitula 3 - 2(20) - - 1 - 2 26
L. pallida 20 12 6(50) 15 - - 10 1 108
L. pueblana ? - 3 - - - - - 3
L. pulverulenta 18 14 3(33) 45 4 2 6 10 132
L. retusa 18 4 1(10) 13 1 - 2 12 60
L. salvadorensis 3 1 6(123) - - 3 1 10 141
L. shannonii 33 23 6(130) 12 1 2 4 55 260
L. trichandra 54 ? 11(80) 15 ? 2 ? ? 151
L. trichodes 23 4 2(50) 15 - 2 1 11 106
SP.® - 14 - - 5 - 13 - 32
TOTAL 965 709 1166 818 140 34 174 496 4502
ESTIMATED 10" 90'° 0 30 100 100 100 100 >25
%DUPLICATION®

UH=University of Hawaii, USA; USDA = United States Department of Agriculture, USA; OFI = Oxford Forestry Institute, UK; CSIRO
= Commonwealth Scientific and Industrial Research Organisation, Australia; NSSL = National Seed Storage Laboratory, USA; ILCA
= International Livestock Centre for Africa, Ethiopia; IGFRI = Indian Grassland and Fodder Research Institute, India.

' Botanical subspecies and varieties are combined within species

® The large number of hybrid accessions held at UH and OFI are not included in this listing

* G.A.White, USDA, personal communication, 1992

* First number is provenances, second is total number of individual tree or half-sib family accessions

* S.A.Eberhart, NSSL, personal communication, 1983. Long term, essentially permanent storage, ‘not accessible'

¢ Long term, essentially ‘ not accessible'; derived directly from OFI collections; all accessions are bulked seedlots derived from 20-50
parent trees

7 From Gupta, V.K. (1990). Genetics and Breeding of L. leucocephala. Unpubl. paper, IGFRI, Jhansi, India

® Hybrids in the NSSL and ILCA collections are placed in this category

° Duplication here refers to cases where the same seedlot is represented in two or more collections. Figures are broad estimates, not
based on detailed investigation. Internal duplication is estimated to be low in all collections ) . _

' Duplication between the UH and USDA collections is high (probably over 90%): the USDA collection being derived largely from
the UH collection
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accurate assessment of levels of duplication across
collections, or levels of redundancy due to uniformity of
genetic material. There is a clear need to rationalize
individual collections.

6.4 Variation within species and sampling
strategies

A clear understanding of the level and structure of
variation between and within populations of species is
needed to design seed collection sampling, subsequent
genetic improvement, and genetic conservation strategies
(Schnabel and Hamrick, 1990; Surles et al., 1990). For
example, data on genetic diversity within populations
determines how many trees need to be sampled to
incorporate all the alleles at a particular frequency.
Similarly, data on variation between populations is
needed to identify superior seed sources (provenances)
and to maintain a broad genetic base for future breeding.
Knowledge about absolute levels of diversity within
populations is also important for out crossing species as
heterozygosity and performance may be linked. Use of
genetically diverse material may be necessary to prevent
inbreeding depression during future generations. Given
the importance of Leucaena in tropical agriculture and
reforestation and the considerable efforts being made to
collect, evaluate and hybridize species, it is surprising
that there have been very few attempts to assess levels of
diversity within species and their populations. Research
has focused more on species diversity than diversity
within species because of the known lack of diversity
within L. leucocephala and the overwhelming focus on
hybridization in genetic improvement (Chapter 5).
Patterns of genetic variation among and within
populations have remained little studied. Nevertheless,
the few studies which have been carried out provide
important pointers to patterns and levels of infraspecific
genetic variation. In any study of the level and structure
of variation within species of Leucaena a fundamental
distinction must be made between self fertile species (L.
leucocephala, L. confertiflora and L. diversifolia) and out
crossing, self incompatible species (remaining species of
Leucaena) (Sorensson and Brewbaker, 1994).

Agronomic traits. The traditional approach to
assessment of forest or agricultural genetic resources has
been to examine a combination of morphological and
agronomic traits under controlled conditions in field trials
or ‘common-garden’ experiments. Much of the
evaluation work undertaken to date has concentrated on
characterizing species rather than variation within
species. However, a number of trials have included
multiple accessions (provenances) providing preliminary
indications of useful variation within species. These
studies indicate that some species are much more
variable than others. For example, high levels of diversity
in growth, psyllid tolerance, leaf chemical composition
(especially tannins which range from zero to very high),
and leaf and pod morphology (Figs 17, 18 and 22) have
been found amongst provenances of L. trichandra

(Stewart et al., 1991; 1993; Austin et al., 1995; Hughes,
in press; Stewart and Dunsdon, in press) and this species
is apparently the most variable in the genus. Leucaena
diversifolia, L. lanceolata and L. pallida also show
significant variation amongst provenances, although not
to the same degree as L. trichandra. In contrast, very
limited variation has been detected in growth or other
traits within other species such as L. collinsii, L.
salvadorensis and most notably L. leucocephala
(Brewbaker et al., 1972; Wheeler et al., 1987; Arora,
1981). These observations are to be expected given that,
in general, the magnitude of genetic diversity is highly
correlated to both the size of the geographic range and
the environmental amplitude encompassed within that
range. L. trichandra is the most widely distributed
species of Leucaena (Fig 66) (after L. leucocephala
which is widely cultivated), a distribution that
encompasses a wide range in altitude, from 200 to
2300m, and site conditions. In contrast, species such as
L. collinsii and L. salvadorensis occupy much more
restricted distributions and environmental amplitudes.

Molecular studies. In addition to morphological and
agronomic traits, the application of biochemical and
molecular techniques has provided a powerful set of tools
for the study of genetic diversity within and among plant
populations. The most widespread and commonly used
approach is the analysis of isozymes (Soltis and Soltis,
1990a). Isozyme analyses have been used to examine
variation within L. diversifolia (Pan, 1985), L.
leucocephala (Harris et al., 1994b; Brewbaker and Sun,
1996) and most notably for species within the L.
shannonii alliance (L. shannonii, L. magnifica, L.
salvadorensis and L. lempirana) by Chamberlain et al.
(1996). More recently other techniques including
chloroplast DNA restriction fragment length
polymorphisms (RFLPs) and randomly amplified
polymorphic DNA sequences (RAPDs) have been used
to study genetic diversity, but their application to
examine diversity within species of Leucaena has been
limited to a study of L. leucocephala by Harris et al
(1994b) and the broader study of chloroplast DNA RFLP
data by Harris et al. (1994a) (Section 2.6).

The L. shannonii alliance. The most detailed, thorough
and complete study of variation between and within
populations of species of Leucaena 1is that of
Chamberlain et al. (1996) which examined isozyme
variation within and between 10 populations of four
species, L. shannonii, L. magnifica, L. salvadorensis and
L. lempirana. Six enzyme systems were used to identify
10 polymorphic putative loci which were assessed on the
basis of the average number of alleles per locus, the
observed mean heterozygosity, expected mean
heterozygosity and the percentage of polymorphic loci, as
measures of genetic diversity within populations. Very
low levels of variation were observed within two
populations of the narrowly restricted endemic, L.
magnifica which were each found to be monomorphic at
five enzyme loci. This fits with the general picture of
lower levels of within population variation in narrowly
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restricted endemic species than in widely distributed
species (Loveless, 1992). Intermediate levels of variation,
comparable to those found more widely for tropical,
predominantly out crossed, insect pollinated species, were
found within populations of L. salvadorensis and L.
lempirana. Of the four species included by Chamberlain
et al. (1996), L. shannonii populations showed the
highest levels of variation and were polymorphic at all
seven enzyme loci. Leucaena shannonii, which occupies
an extensive disjunct distribution (Fig 64), also showed
higher between population variation than the species with
more restricted distributions (Figs 48 and 41). Traditional
agronomic, morphological and isozyme data thus support
the general trend of greater diversity within more widely
distributed species. Additional isozyme data will be
forthcoming in the near future through work in progress
to examine variation within L. salvadorensis (Lopes,
unpubl. data) and L. diversifolia and L. trichandra
(Harris, unpubl. data).

Leucaena leucocephala. Patterns of variation within L.
leucocephala are of particular interest because of its
economic importance, the extreme lack of diversity and
associated limitations (Chapter 3) of the cultivated (and
naturalized) material across the tropics, and because of
interest in understanding the origin of this tetraploid
species for which no unequivocally wild populations have
been found (Section 11.10). Unfortunately, the few
studies carried out to date provide only limited insights
into patterns of variation within and between populations.
While morphology and agronomic traits clearly
distinguish the three subspecies leucocephala, glabrata
and ixtahuacana, the considerable effort that has been
devoted to field testing of new accessions of L.
leucocephala has revealed only limited useful variation.
Although one accession of subsp. glabrata (K636 from
Coahuila, Mexico) was found to be significantly more
psyllid-tolerant and less seedy than the widely used K8,
K28, K67 and K72 varieties, most accessions were found
to be identical (Brewbaker et al., 1972; Wheeler et al.,
1987; Arora, 1981). An initial report of isozyme variation
in 12 individuals of L. leucocephala concluded that very
little variation existed in this species (Schifino-Wittmann
and Schlegel, 1990). Brewbaker and Sun (1996) found
that more than 100 accessions of ‘Common" type subsp.
leucocephala material outside Mexico, were of a single
genotype. It is also well known that only a small number
of accessions of the ‘Giant® or ‘Salvador® type subsp.
glabrata (K8, K28, K72, K636) have been distributed,
and that this subspecies also has a very narrow genetic
base outside Mexico (Brewbaker, 1980; 1985). In
contrast to these studies of introduced material, Harris et
al. (1994b) concentrated on analysing variation among
accessions collected from Mexico and Central America.
324 individuals from 12 populations were assessed for
isozyme diversity using three enzyme systems which
were found to be polymorphic. Harris et al. (1994b)
analyzed the variation in 18 different multi-enzyme
phenotypes across the 12 populations but did not
characterize enzyme banding patterns in terms of loci and
alleles. Phenotypes not only distinguished between

subspecies, but also identified inter-population variation
within subsp. glabrata. Data indicated high levels of
inter-population variation compared to intra-population
variation as might be expected for a self pollinated
species. More intensive sampling would be required to
reveal geographic patterns of variation within L.
leucocephala. Recent work in Hawaii has revealed high
levels of heterosis in intervarietal hybrids of L.
leucocephala, again indicating that there is significant
genetic variation amongst accessions.

Population disturbance. Few undisturbed natural
populations of Leucaena species remain following
wholesale disturbance of the seasonally dry tropical forest
where most species occur (Chapter 8). Seed collections
are thus derived almost in their entirety, not from
undisturbed primary genepools, but from a variety of
fragmented remnant populations, secondary vegetation
and incipiently domesticated (cultivated) populations, all
of which have been significantly disturbed in one way or
another. Virtually none of the OFI Leucaena seed
collections has sampled undisturbed pristine forest. As
discovered by Chamberlain et al. (1996), two populations
of L. lempirana were found to have high levels of
variation in terms of percentage of polymorphic loci and
mean number of alleles per locus, but low mean
heterozygosity due to a significant deficiency in the
number of heterozygotes indicating that both populations
are in severe genetic disequilibrium. The genetic
implications of population disturbance remain to be more
fully investigated, but similar disequilibria may be
common. Many of the OFI provenance seed collections
encompassed large areas in order to include a sufficient
number of sample trees. For example, the 60 parent trees
included in the OFI collection of L. salvadorensis from
San Juan de Limay in northern Nicaragua collected in
1991, were sampled from a series of remnant populations
scattered over an area of more than 100 km?®. Optimal
sampling strategies in terms of number of trees sampled
and spacing between sampled trees have thus had to be
modified pragmatically and opportunistically. The goal of
sampling has, in many cases, been reduced simply to
sampling as much of the genetic diversity as possible in
the time available. This means that the material sampled
may bear little relation to expected levels of genetic
diversity sampled from natural populations. Further than
this, underlying geographic patterns among populations
across the distribution of more widespread species are
also likely to be disrupted. A mosaic of local variants, as
found for Gliricidia sepium (Dawson and Chamberlain,
1996), rather than predictable patterns of between- and
within-population variation, is likely for most out
crossing species of Leucaena.

6.5 Future collections: gaps and priorities

The genetic resources of Leucaena species have now
been as thoroughly explored and collected as almost any
other tropical woody genus. Characterisation and
evaluation of these collections, now in progress within
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LEUCNET, is the most urgent priority, rather than new

collections. Furthermore, current seed collections need to

be rationalized to reduce or at least clarify duplication

and eliminate holdings of redundant material, mainly of

L. leucocephala. This rationalization and evaluation will

help to highlight gaps and priorities for future seed
collections.

Nevertheless, despite the numerous expeditions to explore
and collect the genetic resources of Leucaena over the
last three decades and the relative ease with which even
the more inaccessible areas can now be explored, there
are without doubt significant gaps in the coverage of
collections. Only a small fraction of territory occupied by
Leucaena has been explored by collectors and several
species are represented by only a handful of collections
(Table 8). Priorities for new seed collections are:

» Species such as L. confertiflora, L. cuspidata, L
involucrata, L. matudae and L. multicapitula which are
currently represented by only a handful of accessions are
priority species for new seed collections.

» As promising species and provenances are identified
from trials, new collections to sample greater variation
between and within populations may be justified. For
example, trials indicate that provenances of L. trichandra
from south east Guatemala (CPI46568 and OFI 53/88)

are significantly more psyllid-tolerant and vigourous than
others. New and more intensive seed collections of L.
trichandra from south-east Guatemala are needed to
provide a secure base for the genetic development of this
species.

» As new hypotheses of the origin of L. leucocephala
(Sections 2.6 and 4.6) emerge, it is clear that fresh field
exploration in central and northern Veracruz is justitied
to map the distributions of L. pulverulenta and L.
lanceolata (the two putative parent species) in detail and
explore possible locations where L. leucocephala could
have originated.

Data from botanical specimens of Leucaena lodged in
herbaria in Central America, Mexico, the U.S.A. and
Europe along with those assembled during recent OFI
field work, provide the most detailed and complete
source of information to guide future field exploration
and collection. Data from more than 2800 botanical
specimens from 22 herbaria have been assembled during
the OFI Leucaena research programme in the form of a
botanical database using the Botanical Research and
Herbarium Management System, BRAHMS (Filer, 1996).
Detailed locality data can be retrieved and sorted by
species, collector, geographic area (Country, State,
Department, Municipality or individual locality), or year
of collection, making this a powerful tool for planning
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collecting expeditions. Such data are particularly useful
for day-to-day planning of routes and printouts of all
localities by species or region are an essential tool to take
to the field. Copies of this database are being distributed
to key herbaria and are available from the author.
Customized printouts, sorted to user’s specification can
also be prepared on request.

However carefully planned, field exploration of
biodiversity and plant collecting is a hit-or-miss affair.
Serendipity and opportunism are as important as careful
planning (Tltis, 1988) and future exploration could
uncover further surprises. The discovery of several
species of Leucaena new to science (L. confertifiora, L.

involucrata, L. lempirana and L. magnifica), all of them
collected within a few yards of motorable roads, or in the
case of L. confertiflora in cultivation in the village of
San Pedro Chapulco in a small orchard (Zarate, 1984a;
1994) in the last 20 years, indicates that there may still
be more to find. Nine of the 22 species of Leucaena are
narrowly restricted endemics, their distributions spanning
fewer than five degree grid squares (Table 10). Species
which occupy such a small range may be hard to find.
Furthermore, the identities of many spontaneous hybrids
and the full intricacies of indigenous domestication
remain to be investigated (Chapters 4 and 5). This may
be only the end of the beginning of field exploration and
collection of Leucaena!
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7 Seeds: collection, processing, storage and pretreatment

7.1 Introduction

In general, the collection, processing and storage of seed
of Leucaena species is straightforward. Seed can be dried
and stored at low temperature and reduced moisture
content following conventional seed storage methods.
However, seed predation by bruchid beetles, seed
pretreatment to overcome dormancy caused by hard-
seededness, and Rhizobium inoculation can complicate
seed handling and require specific protocols.

Seeds of species of Leucaena vary in shape from circular
or ellipsoid to rhomboidal in a few species, but are
uniformly flattened and lens-shaped in cross-section with
a rich reddish brown, glossy seed coat, or testa which is
marked on both sides with a U-shaped pleurogram. The
most notable variation is in size which ranges from 4.5
mm long with up to 80,000 seeds per kg for L.
diversifolia, to 12 mm long for L. cuspidata, L. esculenta
and L. salvadorensis with as few as 8,000-10,000 seeds
per kg for L. esculenta (data for all species in Chapter
11). The pods of all species are passively dehiscent with
the seeds discharged by gravity.

7.2 Collection, handling and storage

Collection. Leucaena leucocephala produces prodigious
quantities of seed from the first year, more or less
continuously through the year as moisture permits and
across a wide range of different environments (Gonzalez
et al., 1967; Pan, 1988). Heavy clusters of 5-10 (-45)
pods are produced on each flower head and this has been
attributed to self fertility. One other species, L.
diversifolia, and the hybrid between L. leucocephala and
L. diversifolia, which are also self fertile, are similarly
precocious and produce abundant seed over an extended
period of the year. However these two species and their
hybrid are exceptional; the majority of species of
Leucaena have strictly annual, seasonal and short (but
somewhat variable) duration (2-5 months) flowering
periods and do not flower and fruit quite so abundantly
nor early.

For most species, seasonal flowering and fruiting mean
that timing of seed collections is critical to coincide with
peak ripeness. Variation in flowering and fruiting times
across species may be considerable (Fig 4, Section 3.5).
Time to ripening also varies among species, e.g. from 90-
280 days from flowering to mature pods in Hawaii
(Wheeler, 1991; Sorensson, 1992a). In the natural
populations, some species such as L. collinsii, L.
lanceolata, L. lempirana, L. macrophylla and L.
shannonii ripen fruits within 3-6 months while others
have longer maturation periods, of up to 8-9 months for

L. cuspidata, and 9-11 months for L. salvadorensis. All
Leucaena species have dehiscent pods and for most
species the optimal collection period is 2-4 weeks. Green
seed expands to a maximum size a few weeks before
ripening but remains soft at that stage. Final ripening
involves a reduction in seed moisture content and
hardening of the seed coat, and is indicated by reduction
in seed size and change in colour from green to rich
reddish brown.

Extraction and processing. Ripe pods may be sun-dried
to promote dehiscence and lightly threshed by hand to
extract the seed. Seed can be separated from the empty
pods and cleaned by screening and winnowing and
further dried in the sun. By sunning seed for a day or
two after extraction, seed moisture content is reduced and
the majority of bruchid beetles emerge at that stage (see
below). Simple winnowing separates the majority of
beetle-damaged seed from good seed, although other
methods including flotation in salt water (Sorensson,
1993) and gravity table separation (Hughes, 1993) have
also been used.

Storage. Storage of conventional seed requires reduction
of metabolic activity. This is normally achieved by
reducing seed moisture content and storage at low
temperature. Leucaena seed can be stored under
conditions of <10% moisture content at <+4°C for long
periods (at least up to five years) while retaining high
viability. In order to maintain low moisture content, seed
must be stored in hermetically sealed containers. Seed
viability in long term storage at lower temperatures (-
20°C) has not been tested, but given the hard seed coat
of most Leucaena species, seed can probably be stored
safely for long periods (at least several decades).
However, sced stored under poor conditions of high
moisture content and temperature can rapidly lose
viability. Seeds may be stored for short periods at
ambient temperatures but it is always important to keep
seeds dry and sealed in containers. Plastic bags of seed
can cook rapidly if left in the sun.

Quarantine. Effective quarantine allows for the safe
movement of germplasm without placing unnecessary
restrictions. Although there is some information on actual
and potential pests and pathogens of Leucaena (Boa and
Lenné, 1995), there is currently litte information on the
likelihood of seed based transmission of them (Quiniones
and Dayanm 1985). The possibility of introducing seed
feeding beetles is an obvious hazard. Techniques,
including insecticide treatments, to reduce the risk of
moving seed beetles are discussed below. Seed may also
treated with fungicides, such as Captan (recommended
by Samuel et al., 1994) to avoid transport of seed borne
pathogens. One such disease is Camptomeris leaf spot
(Fig TH), caused by the fungus Camptomeris leucaenae.
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Camptomeris causes leaf spotting and chlorosis, loss of
leaflets, or whole leaves, and some dieback, often
associated with secondary pathogens (Lenné, 1980). It is
a potentially serious disease causing reduced forage
yields and quality particularly in areas with >2000mm
rainfall (Lenné, 1980; 1991). Camptomeris is widespread
in Latin America and the Caribbean and has also been
reported from Taiwan, the Philippines and India (Boa and
Lenné, 1995). The mode of introduction of Camptomeris
to these countries is not known, but movement on seed
is a possibility (Lenné, 1980; Boa and Lenné, 1995).
Fungicide treatment is designed to reduce the risk of
spread of any seed bome diseases and Captan appears
not to adversely affect germination or seedling growth
(Samuel et al., 1994).

7.3 Seed feeding beetles

The number of viable seeds of many plants, and
particularly legumes, can be greatly reduced by seed
feeding predators such as bruchid beetles. Typically,
female adult bruchids lay eggs on young, unripe legume
pods, larvae then chew into the pod and unripe seed, feed
inside the seed, pupate and adults emerge when the pods
and seeds are ripe leaving a round exit hole (Fig 8G).
Seeds of all species of Leucaena are predated at some
level in the natural populations by seed feeding bruchid
beetles. The level of predation varies from less than 5%
for some species such as L. salvadorensis to higher than
95% for species such as L. pallida. Where levels of
predation are high, very large quantities of pods need to
be collected in order to obtain a small quantity of clean
seed.

Leucaena seed beetles are at the same time potentially
hazardous and costly - to those concerned with efficient
seed production in breeding programmes and seed
orchards and safe international distribution of seed - and
potentially beneficial and of great use - to those
developing efficient biocontrol agents to mitigate the
weedy or invasive tendencies of some Leucaena species
(Hughes, 1996, Jones, 1996; Neser, 1994, 1996; Section
3.9). Knowledge of Leucaena seed beetles and a clear
understanding of their host interactions is thus of some
importance.

Leucaena bruchids and their host specificities were
summarized by Hughes and Johnson (1996), building on
earlier work by Johnson (1981; 1983; 1984; 1989; 1990),
Johnson and Kingsolver (1976) and Johnson and
Slobodchikoft (1979), and are shown in Table 9. This
shows that in their natural ranges, species of Leucaena
are predated by seven different species of bruchid in two
genera, Stator and Acanthoscelides. The two species of
Stator are known omnivores that feed on a wide range of
Mimosoid legume genera, although they have been
recorded from only a few species of Leucaena. In
contrast, the 5 species of Acanthoscelides feed
exclusively on Leucaena, and have not been recorded on
any other host plant genus. Although this may indicate
specificity to Leucaena within their native ranges, it

cannot be taken to indicate specificity in relation to a
wider and different range of host genera and species that
would be encountered when bruchids are introduced
elsewhere. Within Acanthoscelides the 5 species have
been recorded from between two and 18 Leucaena host
species. Two species, A. macrophthalmus and A.
mankinsii, are notably ubiquitous being recorded from 18
and 15 species of Leucaena respectively. Thus within the
genus Leucaena these bruchids are generalists and show
little or no species level specificity. It is notable that A.
macrophthalmus (Fig 8G), the species recently introduced
accidentally to Australia (Jones, 1996) and proposed for
release in South Africa (Neser, 1994; 1996), is the most
ubiquitous of the 5 species based on host records. This
means that it is likely to predate seeds of most, if not all,
species of Leucaena which are planted in these countries.

Although the 5 Acanthoscelides species have so far been
reported only sporadically from outside Latin America,
and most notably, recently from Australia (Jones, 1996),
Leucaena seeds may still be heavily predated in these
areas by other generalist beetles. Records include the
square necked grain beetle Cathartus quadricollis
reported on L. leucocephala in the Dominican Republic
(Pound and Martinez-Cairo, 1983), Araecerus levipennis
(Coleoptera: Anthribidae) in Hawaii (Sherman and
Tanashiro, 1956), Araecerus fasciculatus (Coleoptera:
Anthribidae) on L. leucocephala in India (Singh et al.,
1981) and the Philippines (Braza and Salise, 1988).

Several measures can be taken to ensure that bruchid
beetles are killed, and damaged seed removed, before
seed is distributed. Exposure of seed to sun after
extraction from pods for 1-2 days ensures that the
majority of adult beetles emerge. Nevertheless, a small
proportion of live adult beetles may remain inside the
seed after sunning and drying. For this reason, it may be
advisable to treat seed with insecticide. The OFI
Leucaena seedlots were treated with Pirimiphos-methyl
("Actelic"), a persistent grain storage insecticide in order
to kill any late emerging beetles. In addition, seedlots
were cleaned using a gravity table separator to remove
the majority, although not all, insect damaged seed.
Reinfestation of mature seed by emerging adult beetles
is not known to occur in Leucaena. These procedures are
important to avoid shipment of live beetles and comply
with phytosanitary requirements of quarantine authorities.
An alternative method which avoids use of potentially
hazardous insecticides, is the CO0, method. High
concentrations of CO, (>60%) (and hence reduced
oxygen levels) applied for 8 weeks at temperatures of
28°C by filling plastic seed storage bags with CO, can
kill beetles and have been used to control insect
infestations in Acacia seed (Sary and Yameojo, 1993).

7.4 Seed pretreatment
In common with many legumes, seeds of most, but not

all, species of Leucaena have hard, impermeable
seedcoats and require pretreatment before sowing in order
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Table 9 Summary of Bruchid-Host Interactions for
Leucaena (from Hughes and Johnson, 1996)

Bruchid Seed
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L. collinsii subsp. X X
collinsii
X X
subsp. zacapana
L. confertiflora X X X X
L. cuspidata X
L. diversifolia X X X X
L. esculenta X X X X
L. greggii X
L. involucrata
L. lanceolata X X X
L. lempirana
L. leucocephala subsp. x X
leucocephala
X X X X X
subsp. glabrata
L. macrophylla X X X X
L. magnifica X
L. matudae
L. multicapitula X X
L. pallida X X X X
L. pueblana X X
L. pulverulenta X X X X
L. retusa X
L. salvadorensis X X
L. shannonii X X X
L. trichandra X X X X X
L. trichodes X X

to obtain rapid, uniform and high final germination.
Sharma et al. (1994) showed that this hard seed coat
dormancy is associated with late stage seed maturation.
The impervious seed coat inhibits water uptake of
untreated seeds making germination slow and erratic,
extending over months or years. Pretreatment requires
that the seed coat be broken to allow water to enter and
the seed to expand.

Three basic pretreatment methods, mechanical, hot water
and sulphuric acid, have been used for legume seeds (e.g.
Fordham, 1965; Doran et al., 1983). As with all other
aspects of Leucaena research, pretreatment methods have
been amply investigated for L. leucocephala, but largely
neglected for other species. For L. leucocephala
variations of all three methods have been used
successfully (Akamine, 1942; 1952; Takahashi and
Ripperton, 1949; Gray, 1962; Pound and Martinez-Cairo,
1983; Van de Beldt and Brewbaker, 1985; Oakes, 1984;
Alvarez-Racelis and Bagaloyos, 1977). In general, hot
water treatments have found greatest favour, being
effective, easy to arrange, and safe. Typically, soaking in
water at 80°C for 3 minutes followed by washing in cool
water has been perhaps the most widely used. Sulphuric
acid has been largely abandoned as too hazardous for
routine nursery use.

However, not all seeds of Leucaena are equally hard and
impervious. Variation in hard seededness has been
documented between species (Hawkins and Ochoa, 1991)
and between varieties of L. leucocephala (Hopkinson,
1997). Variation in seed size (Section 7.1) also affects
pretreatment. For this reason, the standard hot water
treatments used for L. leucocephala cannot be applied
indiscriminately to other species. Hawkins and Ochoa
(1991) tested a range of different hot water treatments
against controls and manual scarification for the majority
of species of Leucaena. Their results suggested that no
seed pretreatment is needed for L. salvadorensis and that
untreated seed of this species could be sown directly and
germinate rapidly. However, work in Australia has shown
that seed of L. salvadorensis does need pretreatment
(Mullen!, pers. comm.). This discrepancy may be
attributable to seed age with seed becoming progressively
harder with age in storage. To a lesser extent the same
applies to L. esculenta with untreated seed giving up to
79% of the expected germination with manual
scarification (Hawkins and Ochoa, 1991). There is no
doubt that hot water treatments are highly detrimental
and can readily kill seed of L. salvadorensis and
mechanical scarification methods (see below) should be
used for these two species.

Hawkins and Ochoa (1991) showed that all other species
require pretreatment. However, there was a great deal of
variation between species in response to difterent
treatments. For example L. multicapitula gave 62%
germination with a 100°C hot water treatment, whereas
L. trichandra, with seeds of similar size, gave only 8%
germination with the same treatment. They showed that
hot water treatments were generally poor, causing

' B. Mullen, Department of Agriculture, University of Queensland, Brisbane, Queensland, Australia
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significant seed mortality and giving lower germination
(depending on severity) than manual scarification. This
means that hot water treatment times and temperatures
need to be calibrated for each species individually.
However, precise calibration of hot water treatments will
only be justified for species that perform well in the
trials and enter routine planting. Similar variation was
detected between the ‘Cunningham' and K636
(*Tarramba’) varieties of L. leucocephala subsp.
glabrata by Hopkinson (1997) who showed that K636 is
more resistant to boiling water than ‘ Cunningham". In
many cases the severity of hot water treatments required
to break dormancy is such as to cause significant damage
and death of seeds, or, if less severe, results in
incomplete softening. Successful hot water treatments
require meticulous and firm control of the duration of
soaking and the temperature during soaking, which in
turn can depend on the ratio of the volumes of seed to
water which can be difficult to achieve.

For these reasons, many are turning to mechanical
scarification methods as an alternative. For small seedlots
manual scarification can be easily applied to maximise
germination. Indeed this is the method used in laboratory
testing of seed to determine the viability of a seedlot and
is the only universally reliable pre-sowing treatment that
can be recommended to give optimal germination.
Manual scarification can be carried out by cutting,
piercing, nicking, chipping or filing the seed coat of
individual seeds with a mounted needle, knife, scalpel,
handfile, nail clippers or abrasive paper. It is only
necessary to make a small cut to pierce the outer layer of
the seed coat and care should be taken to avoid cutting
deeply which causes damage to the cotyledons as this can
increase the chance of damping off in the nursery. The
hot wire or glow-burner method (Robbins, 1986; Poulsen
and Stubsgaard, 1995) produces similar results to
mechanical scarification by burning, but is faster (100
seeds in 2-3 minutes, reported by Poulsen and
Stubsgaard, 1995) and is also recommended.

Manual scarification is suitable for laboratory testing and
for small, or particularly valuable seedlots, such as those
to be sown in a trial or seed orchard. Although time
consuming, experience in the one nursery in Honduras
has shown that seed for a complete, replicated
species/provenance trial can be manually scarified in four
man-days at low cost with dexterous and careful workers
(Hawkins and Ochoa, 1991). If the full value of small
research seedlots is to be realized then a small
investment in manual seed scarification is needed.

However, for larger seedlots used in routine planting
manual methods are impractical. A number of machines
have been developed for large scale mechanical
scarification. One of the most promising is the ‘seed
gun® (Poulsen and Stubsgaard, 1995) which slings seed
against the wall of a rotating metal cylinder causing fine,
virtually invisible cracks in the outer layer of the seed
coat. Such methods have high capacity are fast and
suitable for large quantities. However, As with hot water

methods, these need careful calibration for each species
or provenance/variety (Hopkinson, 1997) and machinery
needs to be fully adjustable. Another advantage of
mechanical methods, being dry, is that seed can be
returned safely to storage after pretreatment. This means
that pretreatment can be carried out centrally, say at a
seed bank, before seed is packed and distributed to
nurseries, allowing greater control over scarification
(Lauridsen and Stubsgaard, 1987).

In summary, the glow burner, or hot wire method is
particularly suited for small quantities. It is precise,
gentle, highly replicable and results in optimal, i.e. the
maximum possible, germination. For larger quantities,
investment in a mechanical scarifier such as the ‘seed
gun’ is recommended.

7.5 Rhizobium inoculation

Leucaena species have the ability to form a symbiotic
association with root nodule bacteria, Rhizobium, which
are able to convert nitrogen in the air into a form usable
in the plant. This conversion is called biological nitrogen
fixation, and is carried out by the Rhizobium inside the
root nodules. Effective nodulation is dependent on
availability and abundance of a suitable strain of
Rhizobium in the soil. Compared to most woody legumes
the Rhizobium affinities in the genus Leucaena are well
studied (Halliday and Somasegaran, 1983). All Leucaena
species tested to date have the ability to nodulate.

Leucaena is known to be specific in its Rhizobium
requirements. There are cases of lack of nodulation
following introduction of L. leucocephala to new areas
due to lack of compatible Rhizobia, for example in
Australia and the Llanos region of Colombia, although
these appear to be isolated cases. Within the genus
Leucaena, significant Rhizobium strain specificity has
been found. This was exemplified by the lack of
nodulation on L. retusa with a range of known
‘Leucaena strains’.

Despite this specificity, a number of strains that
effectively nodulate a wide range of Leucaena species
have been found. NifTAL strain TAL1145 has been
shown by Somasegaran and Martin (1986) to be an elite
strain for L. leucocephala and L. diversifolia with the
greatest nitrogen fixation and competitive ability in
mixed strain ‘cocktails’.

Although L. leucocephala has already been widely
introduced throughout the tropics, it is still prudent to
inoculate Leucaena seed with preselected elite strains of
Rhizobium when it is planted in a new area. For this
reason, a mixed strain Rhizobium cocktail is included
with all Leucaena seedlots distributed from OFI.
Inoculum has been supplied by the Nif TAL Project of the
University of Hawaii. It is packed for easy use in a dry
sterile peat-based medium. The inoculum contains a
mixture of Rhizobium strains: TAL 583, 1145, 1770 and
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1887. Inoculum used in this way has a limited storage
life and should be stored in a refrigerator at +4°C until
used. Exposure to direct sunlight or excessive heat will
destroy the Rhizobium. Detailed procedures for
application of the inoculum are presented in the NifTAL
booklet "Legume inoculants and their use" (Anon, 1984).

If problems arise and seedlings fail to nodulate, it is
advisable to contact the Nif TAL Project, University of
Hawaii, 1000 Holomua Avenue, Paia, Hawaii, 96779-
9744, USA; TELEX NifTAL 7430315 (ITT); FAX (808)
579-8516, who will be able to give advice and supply
further inoculum if required.
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8 Conservation

8.1 Genetic conservation methods

Conservation of biodiversity in general, and forest
genetic resources in particular, has, to date, concentrated
on: (i) in situ protection of natural forest or other
vegetation in protected areas such as biological reserves
or sustainably managed forest reserves and/or (ii) ex situ
conservation - in long term seed storage or living
collections such as arboreta, botanic gardens,
conservation stands and seed production areas - for a
handful of species of high economic importance
(National Research Council, 1991; Kemp, 1993;
Kanowski and Boshier, 1997). A combination of
complementary in and ex situ conservation is generally
deemed to be more effective than a strategy that relies on
one or the other alone (Maxted et al., 1997) and there is
a strong case for coordinated conservation strategies in
which technical options are integrated within a broader
framework of action (NRC, 1991; Kemp, 1993;
Kanowski and Boshier, 1997). However, there are few
data to indicate how effective this combination of
traditional in and ex situ measures is for conservation of
either species or infraspecific diversity in areas of forest
fragmentation. The handful of studies of individual plant
groups and countries that have been carried out indicate
that significant proportions of species (and intraspecific
diversity) lie beyond the scope of strict in or ex situ
conservation. For example, in Germany only 35-40% of
the total of 30,000 species (all groups) are found in
protected areas and the remaining species are almost
confined to human-managed ecosystems (Pimbert, 1993).
Effective ex situ conservation of the genetic resources of
forestry species is limited to a trivial number of species
(perhaps 100 worldwide; NRC, 1991). Furthermore, there
are inherent deficiencies associated with ex sifu
populations as conservation genepools (Brown et al.,
1989; Marshall, 1990; Young and Yeh, 1992).

The limitations of traditional in and ex situ conservation
methods are one reason why those concemned with plant
genetic resource conservation have turned to options that
incorporate conservation criteria into forest and farm
management practices as an alternative strategy for
achieving conservation goals. Such an approach to
conservation relying on managed agricultural and
agroforestry production systems or small forest hyper-
fragments is here termed circa situm conservation
(termed * circa situ conservation® by Cooper et al., 1992;
‘farmer-based conservation® by e.g. Brush, 1991;
‘conservation in hortus' by Witmeyer, 1994; ‘locally-
based conservation* by Qualset et al., 1997; or subsumed
within in situ e.g. by Lamola and Bertram, 1994; Brush,
1995; Bellon, 1996; Bellon et al., 1997; Maxted et al.,
1997; Ortega, 1997). The potential and scope of circa
situm conservation were discussed and promoted initially

for agricultural crop varieties (Brush, 1991; Altieri and
Merrick, 1987; Cooper et al, 1992; del Amo, 1992;
Pimental et al, 1992; Lamola and Bertram, 1994) and
farmer-based conservation is now widely recognized as
a central component of agricultural crop genetic resource
conservation strategies (Brush, 1995; Bellon, 1996;
Bellon et al., 1997; Maxted et al., 1997; Ortega, 1997,
Qualset et al., 1997) This approach has also been
suggested for a number of tree species including
Leucaena (Hellin and Hughes, 1993; Ponce, 1995 for L.
salvadorensis, Hughes et al., 1995 for Leucaena more
generally). The wider potential of circa situm
conservation of trees has been pointed out by Gajasenei
and Jordan (1992), Gibson (1992), Hughes (1994; 1995),
Kanowski and Boshier (1997) and Barrance, (1997). The
‘use it or lose it* motto, now being adopted for example
by some reserve managers to promote in situ biodiversity
conservation is even more pertinent in highly fragmented
forest and agricultural landscapes where a large fraction
of biodiversity lies outside the scope of strict in situ
TESErves Or expensive ex sifu measures.

There is considerable confusion over definitions of in situ
conservation. Farmer-based conservation is widely
considered and defined to be a form of in situ
conservation by those concerned with agricultural crop
plants (Brush, 1995; Bellon, 1996; Bellon et al., 1997;
Maxted et al., 1997; Ortega, 1997; Qualset et al., 1997).
While the term in situ may indeed be appropriate for
domesticated crops and their weedy close relatives, which
thrive in open areas, and which may be unable to survive
under natural habitat or forest conditions, it is less
appropriate tor on-farm conservation of trees. For forest
trees, on-farm conservation bears little relation to
classical in situ conservation which seeks to maintain
populations in the ‘natural® forest state. Thus at least for
trees the distinction between strict in situ conservation
through protection of natural forest, and farmer-based
conservation in the very different habitats of the
surrounding agricultural landscape, is very marked and
potentially important for the outcome of conservation
efforts. Thus in this discussion conservation outside
natural forest habitats, but within the native geographical
range, is distinguished as circa situm (see below).

In this chapter, the conservation status of Leucaena
species is assessed, preliminary conservation categories
are assigned to species, current conservation measures are
documented and the relative actual and potential
contributions of in and ex situ, and circa situm
conservation of Leucaena assessed as a basis for
discussion of conservation priorities and strategies. It is
widely accepted that the conservation of genetic
resources of economically important plant species and
their close relatives provides security for future utilization
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and breeding. In a genus such as Leucaena with its
multiple uses and high interspecific crossability, the
whole genus is generally considered to comprise the
potential genepool available for use and genetic
improvement (Brewbaker and Sorensson, 1994;
Sorensson and Brewbaker, 1994). It is also recognized by
some that loss of intraspecific genetic diversity may be
as important as species loss (e.g. Kanowski and Boshier,
1997). However, for Leucaena the effects of forest loss
and fragmentation in terms of possible destruction of
allelic complexes associated with locally adapted
populations, as for many species, are unknown due to
lack of data on patterns and levels of variation and gene
flow (Section 6.4). New research investigating
intraspecific ~ diversity ~within one species, L.
salvadorensis, under conditions of hyper-fragmentation of
forest and circa situm conservation is in progress. The
discussion here therefore focuses on conservation of
species diversity.

8.2 Conservation status of Leucaena species

The overall ‘natural® range occupied by Leucaena
species is shown in Fig 10A. This map is based on 2393
data points derived from herbarium specimens with
adequately known collection localities (88% of the total
examined). The distribution shows the predominant
occurrence of Leucaena species in seasonally dry tropical
habitats with extension into some mid-elevation dry oak
forest or dry mattoral (and pine forest). Leucaena species
are virtually absent from the cold arid deserts of north
central Mexico (although two species do extend into the
more temperate, cold winter climates of the mountains of
NE Mexico and Texas) and are only very sparsely
distributed in the non seasonal wet lowland forests of the

southern Gulf of Mexico (Tabasco and northern Chiapas);
the Petén region of Guatemala and Belize; the Atlantic
zone of Belize, Honduras, Nicaragua, Costa Rica and
Panama; and the perhumid forests of the Darién/Chocd
coastal zone of Colombia and north west Ecuador. Only
two species, L. diversifolia and L. multicapitula occur on
the fringes of the lowland wet forest zone. Within this
overall distribution, species diversity is concentrated in
Mexico (17 species, 10 endemics) and northern Central
America (Y species, 4 endemics), with the highest
number of species occurring in southern Mexico (Fig
10A).

The majority of Leucaena species are not in any way
endangered, being widely distributed and locally
abundant. Indeed, the genus is dominated by
opportunistic species which thrive on disturbance
sometimes becoming common in secondary vegetation
including bush fallow (e.g. L. collinsii subsp. zacapana,
L. lanceolata, L. leucocephala subsp. leucocephala, L.
pulverulenta, L. shannonii and L. trichodes). A few of
these are ruderal weeds of roadsides or waste ground
(e.g. L. leucocephala subsp. leucocephala throughout the
Yucatdn Peninsula, Mexico; L. shannonii in Yoro,
Honduras and Chiapas, Mexico; and L. trichodes in parts
of Manabi, Ecuador). A few (e.g. L. esculenta, L. pallida
and L. leucocephala subsp. glabrata) are also extremely
widely cultivated within their native ranges as minor food
plants (Chapter 4). Nevertheless, there are a number of
important exceptions to this general rule and a few
species of Leucaena are of significant conservation
concern.

Although there is no universally accepted measure of
conservation status or threat, it is widely agreed that a
number of factors need to be taken into account in such
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assessments (Hawthorne, 1996b). Firstly, global rarity, or
extent of occurrence, is generally accepted as a useful
starting point in any assessment. Narrowly restricted
endemics have much higher rarity value, and hence are
likely to be of greater conservation concern than widely
distributed species. The number of degree-square
occurrences in a species distribution (Table 10) provides
a crude measure of global rarity that may be used as a
starting point for assessing conservation status. Detailed
distribution maps (Chapter 11), again derived from
botanical specimen localities, for each taxon provide
these data tor Leucaena (Table 10). However, global
rarity is not in itself an adequate measure of conservation
threat since some species with restricted distributions are
locally very abundant. Conversely some widely
distributed species are never locally abundant, always
occurring as forest species which are likely to be at risk
if forest is converted completely to secondary vegetation.
Thus, crude measures of global rarity need to be
modified on the basis of other considerations including
local abundance, ecology (forest or non-forest species),
taxonomy (e.g. existence of closely related subspecies)
and economic importance in order to arrive at even a
moderately adequate measure of conservation value.
Several systems have been devised to categorize species
in this way. The Star Rating method developed by
Hawthorne (1996b) to assign species conservation
categories for plants of Ghana provides one such method.
Star ratings are defined and assigned initially on global
distribution (number of degree-square occurrences in a
species distribution), strongly modified subsequently by
ecology, local abundance and taxonomy. The JUCN Red
List Categories of conservation threat (International
Union for the Conservation of Nature, 1994) are more
widely known and have been used for over 30 years. The
TUCN system adopts a slightly different approach based
on species range, population size and actual or potential
decline of species. A category of threat is assigned based
on any one of four criteria relating to species range,
population size and rate of decline. Both ITUCN
categories and Star Ratings here are tentatively assigned
to each Leucaena taxon (Table 10). These are first
approximations, based on available data and may be
subject to progressive modification and updating as new
data become available.

Eight species of Leucaena are endemic to areas
encompassing fewer than five degree-squares; four of
these are narrowly restricted endemics occurring in only
one or two degree-squares. Several of the eight narrowly
restricted taxa are locally abundant and thus of little or
no conservation priority (Green/Blue Star species). For
example, both subspecies of L. collinsii, are restricted to
single, albeit extensive valley systems in Guatemala and
southern Mexico (Fig 25), but both are locally abundant,
and in the case of subsp. zacapana, extremely abundant,
in secondary bush fallow. Conversely, one species, L.
cuspidata, although not as restricted in distribution, does
not thrive on disturbance and has a preference for forest
areas, although it is occasionally found outside the forest.
Such species are likely to be at risk if forest is converted

completely to secondary vegetation and L. cuspidata is
therefore categorized as of moderate conservation
concern (Gold Star). Four species (L. confertiflora, L.
cuspidata, L. greggii and L. pueblana) are both
geographically restricted and susceptible to grazing
pressure and are now generally restricted to ungrazed
sites such as steep rocky bluffs and gullies and also
qualify as Blue/Gold Star species. Three taxa, L.
lempirana, L. leucocephala subsp. ixtahuacana and L.
salvadorensis, occupy highly restricted distributions in
areas of severe forest degradation and are assigned Gold
Star rating. However, active retention and protection of
trees in traditional agroforestry systems by local
communities and farmers within their areas of
distribution mitigates the current threat and downgrades
their JUCN category.

Three species, L. matudae, L. magnifica, and the poorly
known L. involucrata, are both globally (1-2 degree-
square occurrences) and locally rare and are thus of
critical conservation concern (Black Star species). For
example, the known distribution of L. magnifica is
restricted to less than 400 km® in the south eastern
department of Chiquimula in Guatemala. With fewer than
400 known individuals (Hughes, 1986; 1991), this species
is probably the most threatened in the genus. In addition
to very restricted range and total population size, the
stands of L. magnifica are hyper-fragmented and reduced
to scattered remnants often comprising only a few
individuals and urgent attention to conservation of
populations of this species is required. Although these
species clearly qualify as Black Star under the Star
Rating system, the criteria used in the IUCN system
mean that they are categorized as Endangered rather than
Critically Endangered in that system, despite their very
restricted distributions. However, any further decline
would trigger upgrading to critically endangered IUCN
status as well.

Some species which span several countries may be
widespread and abundant in one country, but highly
restricted and rare in a neighbouring territory. For
example, L. salvadorensis, although reasonably common
across southern Honduras and northern Nicaragua, is
apparently highly restricted in eastern El Salvador
(Boshier, pers. comm). Similarly, L. multicapitula and L.
trichandra are widely distributed and reasonably
abundant through most of their ranges but apparently
restricted and uncommon in Nicaragua. Such species may
therefore be of greater conservation concern nationally
than internationally (Table 10).

8.3 In situ conservation

In situ conservation here refers to maintenance of
populations of species in the ‘natural’ state in
communities, ecosystems and habitats to which they
naturally belong (Frankel, 1970; Soulé, 1991; Kanowski
and Boshier, 1997).
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Within Mesoamerica, the dry tropical forest ecosystem,
where the majority of Leucaena species grow (Fig 10A),
is under particular threat (Janzen, 1986; 1988; Murray et
al., 1995, Murphy and Lugo, 1995, Maass, 1995).
Historically this forest type has been more readily
converted for agriculture than wet forest. Of the
seasonally dry forest formation, which originally
extended in an almost continuous belt along the Pacific
coast from NW Mexico in Sonora to Costa Rica with
numerous inland valley extensions, only 0.09% has
official reserve status and less than 2% remains
"sufficiently intact to attract the attention of the
traditional conservationist” (Janzen, 1988). Under the
rather different definition of ecofloristic zones, Murray et
al. (1995) estimated there to be 3% of the seasonally dry
forest zone under any form of protection. Whatever
figures are used, this is one of the world’s most
endangered tropical ecosystems.

The current system of protected areas in the tropical dry
forest formation in Mexico and Central America is
extremely limited. Protected areas have been established
opportunistically and were not planned based on areas of
high diversity or endemism. This scanty network is
clearly inadequate to conserve the biodiversity of this
ecosystem, although the fractions of species diversity
within and outside protected areas remain to be
quantified. Furthermore there is now only limited scope
for the establishment of new protected areas in the dry
tropical forest zone due to the extent of forest loss and
fragmentation and many reserves, especially smaller
ones, remain permanently susceptible to threats such as
fire from outside (Janzen, 1983; 1987). Nevertheless, at
least two of the Black/Gold star species, L. pueblana and
L. matudae, occur in areas of high endemism, the Balsas
Depression and the Tehuacan Valley where patches of
more or less intact dry thorn scrub forest remain. Such
dry forest hot spots of high bioquality could and should
be afforded protection before they disappear.

While a network of protected areas that has “arisen’ in
this way will, on grounds of probability alone, include
many, if not most, of the widely distributed species, few
of the rarer, narrowly restricted species are likely to be
included. This is precisely the outcome for Leucaena.
Approximately halt the species of Leucaena are known
to be present somewhere within a protected area of some
sort (Biosphere Reserve, National Park or other
biological reserve). However, these species correspond
almost exactly to the set of widely distributed, common,
Green Star species of little or no conservation concern.
None of the rarer Blue, Gold or Black Star species are
known to occur within any protected area. The current
contribution of strict in situ methods to the conservation
of Leucaena genetic resources is thus minimal and
insignificant.

8.4 Ex situ conservation

Ex situ genetic conservation refers to conservation of

species outside the natural range in which they originally
evolved. Ex situ methods include long term seed storage,
and different types of living collections such as living
gene banks, arboreta, botanic gardens, conservation
stands and seed production stands (Maxted et al., 1997).
At present there are few programmes specifically directed
towards ex situ genetic conservation of Leucaena species
and the genetic variation in the genus is currently not
well conserved in any form of ex situ conservation.

Long term seed storage. Seed collections of Leucaena,
including the three large CSIRO, Hawaii and OFI
collections (Section 6.3) are, with limited exceptions,
aimed at short- or medium-term storage. These ‘working
collections’ are stored under normal seed storage
conditions of low humidity and temperature (+4°C).
Seeds of most species of Leucaena have hard seed coats
and are orthodox in their storage requirements (Chapter
7). Under conventional seed storage conditions there is
no reason to expect seed viability to drop significantly
over periods of 30 or more years. Two species, L.
salvadorensis and L. esculenta, apparently have softer
seeds, manifested in their germination without
pretreatment, but the implications of this for long term
storage have not been investigated so far. Only two
substantial collections - one held at the U.S.D.A.
National Seed Storage Laboratory, Fort Collins, U.S.A.
and the other at the Kew Seed Bank, Wakehurst Place,
U.K. - are in long term storage conditions, at the lower
temperatures (-20°C) necessary to store seed for up to
100 years.

» The USDA National Seed Storage Laboratory,
NSSL, Fort Collins, USA collection includes 140
Leucaena accessions, of which 125 are of L.
leucocephala. This collection includes only a small
fraction of the genetic diversity in the genus; most
species are not included at all. All accessions are held
jointly by the University of Hawaii and U.S.D.A.
regional working collections (Hughes et al, 1995;
Section 6.3).

» The Royal Botanic Gardens, Kew Seed Bank,
Wakehurst Place, UK. includes a small number (36)
accessions representing 16 of the 22 species of Leucaena
from the OFI seed collections deposited under long term
storage conditions in 1996. Unfortunately the eight
species not represented include several of the species
(e.g. L. confertiflora, L. cuspidata, L. greggii, L.
involucrata, L. matudae and L. pueblana) of greatest
conservation concern, although two bulk seedlots of the
endangered L. magnifica are included. It is again
axiomatic that rarer species, some of which have only
been discovered in the last five years and often occur in
degraded and sometimes remote populations where it is
more difficult to make large seed collections, are less
well known and collected. Although all these species are
included in the wider OFI ‘working" seed Leucaena
collections (Section 6.3), seed quantities were insufficient
to meet the minimum requirements for long term seed
storage. The Kew seedlots comprise between 1000 and
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Table 10 Conservation status of Leucaena taxa

Species/subspecies No. degree Star IUCN Notes: Threats, cultivated status, occurrence in in situ
square Rating’ Threat protected areas

occurrences Category”
in species
distribution

L. collinsii 7 Blue LR:lc Although restricted, often locally very abundant,

Lo ruderal, sometimes weedy and dominant in bush
subsp. collinsii 4 Blue LR:le fallow, and cultivated for pods (subsp. collinsii) or

firewood (subsp. zacapana). Subsp. collinsii probably

subsp. zacapana 3 Blue LR:lc ;Izlli'esgnt in the El Triunfo Biosphere Reserve, Chiapas,
exico
L. confertiflora 4 Gold VU-Al & Restricted, sometimes locally cultivated for pod
B1&2 production, susceptible to grazing pressure and
. harvesting of pods from wild populations; few wild
var. confertzﬂora 4 Blue VU-Al & populations known
B1&2
var. adenotheloidea 1 Blue EN-B1&2
L. cuspidata 4 Gold VU-Al & Restricted distribution, forest understorey, susceptible
B1&2 to grazing pressure
L. diversifolia 12 Green LR:lc Widely distributed, sometimes locally abundant,
sometimes cultivated as coffee shade
L. esculenta 22 Green LR:lc Widely distributed and extremely abundant in
cultivation for pod production. Often the commonest
tree in towns and villages in parts of Oaxaca, Puebla
and Guerrero in Mexico. Some narrowing of genetic
base in cultivated material possible in some areas
L. greggii 5 Blue VU-A1l Restricted; susceptible to grazing pressure, rarely
B1&2 abundant
L. involucrata 2 Gold EN-B1&2 Poorly known; apparently very restricted; only
7Black collected in the last 50 years from one site in central
Sonora. Mexico
L. lanceolata 29 Green LR:Ic Locally very abundant in secondary vegetation,
sometimes a ruderal weed; present in Chamela-
var. lanceolata 25 Green LR:lc Cuixmala Biosphere Reserve, Jalisco, Mexico
var. sousae 7 Green LR:lc
L. lempirana 2 Gold VU-B1&2 Highly localized distribution in northern Honduras;
threat mitigated by protection in traditional
agroforestry systems
L. leucocephala 87 Green LR:Ic see subspecies below
subsp. leucocephala 24 Green LR:lc Common ruderal weed throughout Yucatin and
pantropically; common in several protected areas e.g.
Sian Ka’an and Calakmul Biosphere Reserves
subsp. glabrata 71 Green LR:lc Very widely cultivated throughout Mexico, many parts
of C. America and now pantropically. Origin
unknown; not known in the wild; possible
anthropogenic origin
subsp. ixtahuacana 2 Blue LR:cd Very restricted and locally not abundant; threat

mitigated by local cultivation for pod production in
Huehuetenango, Guatemala
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‘Species/subspecies ) No. degree Star IUCN Notes: Threats, cultivated status, occurrence in in situ
square Rating' Threat protected areas
occurrences Category®
in species
distribution
L. macrophylla 32 Green LR:lc Widespread and often locally abundant; present in
several protected areas including the Sierra de
subsp. macrophylla 22 Green LR:lc Manantldn, Jalisco and Volcan de San Martin
. . Biosphere Reserves
subsp. istmensis 11 Green LR:lc ‘
L. magnifica 1 Black EN-B1&2 & Highly restricted to less than 400 km* (Fig 48);
Cl&2a reduced to fewer than 400 known individuals (Hughes,
1986, 1991)
L. matudae 1 Black EN-B1&2 Highly restricted (Fig 50) in dry forest
L. multicapitula 13 Blue LR:lc Widespread and locally abundant; present in Barro
Colorado Island biological reserve, Panama;
Gold apparently infrequent and rare in Nicaragua
(Nic)
L. pallida 12 Green LR:lc Widely distributed and cultivated in south central
Mexico for pod production; very abundant in parts of
Oaxaca, Mexico
L. pueblana 3 Gold VU-B1&2 Endemic to the Tehuacan Valley, Mexico and there
never abundant; apparently susceptible to grazing
pressure
L. pulverulenta 19 Green LR:lc Widespread and often locally abundant in secondary
vegetation such as bush fallow; sometimes a ruderal
weed of roadsides and waste ground; protected in
Cerro de la Silla (Monumento Natural) and El
Cielo/Sierra Alta Tanchipa (Biosphere Reserves);
cultivated ornamental in Texas
L. retusa 24 Green LR:lc Widespread, occasionally locally common; present in
protected areas in N. Coahuila and S. Texas (e.g. Big
Bend National Park)
L. salvadorensis 3 Gold LR:cd Conservation threat mitigated by deliberate retention
and protection of trees in traditional agroforestry
Black systems. Good prospects for continued and expanded
(E1 Sal) conservation through use; apparently rare in El
Salvador
L. shannonii 20 Green LR:Ic Widespread; ruderal, sometimes weedy
L. trichandra 27 Green LR:lc Widespread; extremely variable and some populations
may be under threat; present in several protected areas
Blue (e.g. El Imposible, El Salvador, Lagunas de
(Nic) Montebello, Mexico, Cerro Uyuca, Honduras
L. trichodes 36 Green LR:Ic Widespread, sometimes a ruderal weed of roadsides

and bush fallow

! Star Rating: based on Hawthorne (1996b): Black = high conservation concern; Gold = moderate conservation concern; Blue = minor
conservation concern; Green = no conservation concern

2 TUCN 1994 Threat Categories, assigned based on WCMC (1996) Conservation and Sustainable Management of Trees project
guidelines: EN = Endangered; VU = Vulnerable; LR = Lower Risk. LR:lc = Lower Risk least concern; LR:cd = Lower Risk,
conservation dependent is here used to indicate dependent on continued conservation in traditional agroforestry systems (circa situm)
(see below). A,B,C categories which follow the threat category refer to criteria used to define that category (see IUCN, 1994).

Nic = Nicaragua; El Sal = El Salvador
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5000 viable seeds from bulk provenance collections each
derived from 20-50 trees from wild populations. The aim
is conserve this material for a period of up to 200 years.

» Smaller collections of Leucaena are
represented in other long term stores such as the National
Bureau of Plant Genetic Resources, New Delhi, India and
the CATIE long term seed store in Costa Rica.

Thus it can be seen that the material currently held in
long term seed storage does not address the conservation
priorities (Table 10). Seed of the Blue/Gold/Black star
species needs to be collected and added to ex situ long
term seed storage collections to address this. However, it
remains to be seen exactly what the utility of seed in
long term storage may be. Seed from these collections is
not available for general distribution and use. It is there
to underwrite other seed distribution activities and
realistically would only be used either for regeneration if
viability were to drop or for re-introduction should a
species become extinct in the wild.

Living collections. As with the majority of seed
collections, the ex situ living collections of Leucaena
species are not specifically directed at long term genetic
conservation. A number of arboretum style collections
have been established (Australia, Brazil, Colombia,
Ethiopia, Hawaii, Honduras, India, Indonesia, Taiwan and
others) including 3 “foundation® collections (Australia,
Philippines and Brazil) comprising more than 70
accessions. In every case these are working collections or
unreplicated evaluation trials, and therefore short term in
duration. All are relatively insecure due to lack of long
term support for maintenance and susceptibility to
sporadic disasters such as fire, hurricane or urban
development. Furthermore, the genepool that can be
conserved in such collections is severely limited by lack
of resources such as land; in general, species are
represented by few trees per plot and few accessions or
provenances. Finally, the genetic integrity of seed
collected from mixed species living collections cannot be
guaranteed without expensive controlled crossing due to
high interspecific compatibility and hybridization (Bray,
1986; e.g. Howcroft, 1994 in Papua New Guinea)
(Sections 5.5 and 5.6).

There are very few examples of ex situ plantings in the
form of conservation stands, seed production areas or
seed orchards where larger amounts of genetic variation
can be included in isolated blocks guaranteeing
production of pure seed. One example of this type of
approach is the ex situ seed orchard programme being
undertaken in Honduras for L. salvadorensis and L.
collinsii (Ponce, 1995).

One might imagine that the large routine plantings of
Leucaena as an exotic across the tropics could be making
a significant contribution to ex situ conservation.
However, planting of Leucaena has been dominated by
essentially one species and has relied on an extremely
narrow genetic base (Sections 6.3 and 9.3).

8.5 Circa situm conservation

Circa situm conservation refers to conservation in
managed agricultural landscapes, in agroforestry systems,
fence rows, home-gardens and around settlements within
the native geographic range of a species. Circa situm is
distinguished from in situ because trees are removed
from their natural in situ forest habitats and are subject
to a quite different set of biotic and abiotic selection
pressures, ecological conditions and interactions.

Throughout most of the range of Leucaena, intact forest
is now extremely reduced in area and hyper-fragmented.
Here the traditional forest-agriculture frontier has long
since gone and been replaced by an intimate and highly
localized mosaic of small and vulnerable forest patches
amidst a diffuse matrix of trees outside the forest in even
smaller patches of remnant woodland, in traditional
agroforestry systems on farms, in fencerows, home-
gardens and around settlements (Barrance, 1997). This is
the matrix of woodland and trees used by local
communities and farmers which are conserved circa
situm.

The fact that local communities and farmers have been
actively using, retaining, protecting, cultivating and
managing trces of a range of Leucaena species in
traditional indigenous agroforestry systems (Chapter 4)
over several centuries or even millennia, has ensured
however that these species remain relatively abundant
today despite the wholesale loss of forest cover in most
areas. The geographical, historical and taxonomic scope
of indigenous use and domestication is described in detail
in Chapter 4. In south central Mexico at least 13 species
of Leucaena are used for food while in Central America
at least seven species are utilized and managed for poles
and firewood. As a result, three species, L. pallida, L.
esculenta and L. leucocephala subsp. glabrata are
amongst the most common trees in many communities
and settlements in south central Mexico. Several species
with much more restricted distributions (e.g. L.
confertiflora, L. cuspidata, L. lempirana, L. leucocephala
subsp. ixtahiuacana, L. magnifica and L. salvadorensis)
although not actively transported and introduced into
cultivation in new areas, are used, protected and
occasionally cultivated locally within their native ranges.
For the majority of species of Leucaena, local
communities and farmers have thus been conserving a
wide range of species through use over wide areas for
several centuries. There is now somewhat belated
acknowledgement and recognition of the role which
generations of communities and farmers have had in
conserving genetic resources of Leucaena amongst the
scientitic community (Hellin and Hughes, 1993; Hughes
et al., 1995).

The main advantages of farmer-based circa situm
conservation through use over ex sifu methods are that it:

(1) operates over large areas and thereby has the
potential to conserve large amounts of genetic
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variation

(ii) decentralizes conservation and thereby
minimizes risks of sporadic disasters such as
fires

(iii) requires only limited investment of
resources as the process becomes self sustaining

(iv) means that species are conserved within a
range of habitats and conditions and continue to
be exposed to biotic and abiotic stresses (albeit
greatly altered from their natural state - see
below) thereby maintaining potential for
continued evolution in response to new selection
pressures. Circa situm conservation is thus
dynamic compared to static ex situ seed storage
and has been (perhaps misleadingly) termed
‘evolutionary conservation® (Worede, 1997).

(v) permits wider participation in conservation
and recognizes the political, social and
economic importance of retaining useful plant
genetic resources in countries where these
resources occur, thereby providing channels for
benefit sharing (Section 9.6).

(vi) recognizes that circa situm actions are an
important and integral element of wider
production and survival strategies for resource
poor farmers essential to sustaining rural
livelihoods and environmental services.

Nevertheless, there may also be limitations associated
with sole reliance on a circa situm approach:

(1) circa situm conservation is probably limited
to species which are adaptable to open disturbed
farm ‘habitats® and/or which are of significant
benefit to and genuinely preferred by farmers
and local communities. In this sense circa situm
conservation is inherently susceptible to
fluctuations in farm economics and practices
and therefore provides no guarantee of secure
conservation in perpetuity. Most species of
Leucaena are indeed well known, recognized
and preferred by farmers and local communities
(Chapter 4) and able to grow well in open on-
farm conditions. Leucaena may thus be
unusually amenable to conservation through use
compared to other tree species, particularly in its
wide use as a minor food plant in Mexico,
which confers high potential for circa situm
success. In these respects Leucaena is more akin
to an agricultural crop plant than many forest
trees.

(ii) introduced species, sometimes promoted by
local, national or international development
agencies, may displace local species from
traditional agroforestry systems in similar

fashion to the widely documented demise of
traditional crop varieties following promotion of
high yielding improved varieties (Bellon, 1996;
Tripp and van der Heide, 1996). In the case of
Leucaena this has not so far proved problematic
despite widespread incorporation and planting of
species such as L. leucocephala throughout
Mexico and Central America. Many
communities and farmers prefer to maintain and
plant several species of Leucaena together,
possibly including L. leucocephala alongside
local species, recognizing the benefits of added
diversity (Sections 4.3 and 4.6). However, there
are likely to be limits to the resilience of local
diversity in the face of concerted promotion of
exotic species (even Leucaena species) by
government agencies and NGOs, who adopt a
blinkered approach to species selection that fails
to take account of local diversity and opinion.

(iil) Circa situm conservation may entail some
narrowing of the genetic base in cultivated, or
semi-domesticated populations. Casas and
Caballero  (1996) provide some, albeit
inconclusive, evidence for selection by farmers
for pod and seed size in managed and cultivated
populations of L. esculenta (Section 4.3).
Research using molecular markers to quantify
levels of diversity in semi-domesticated
populations is needed to verify this. Such
reductions in levels of diversity may be
important and need to be compared with losses
of genetic variation associated with ex situ
methods which generally have limited scope to
include more than a fraction of infraspecific
diversity (Brown et al., 1989; Marshall, 1990;
Young and Yeh, 1992). In this respect circa
situm methods may provide an acceptable
compromise. There is also evidence to suggest
that indigenous domestication in Mexico has
resulted in a number of spontaneous hybrids
(Hughes and Harris, 1994; in press; Section
5.5). Although it is true that spontaneous
hybridization has increased overall genetic and
useful diversity (Sections 5.5 and 5.6),
hybridization may also pose threats to
conservation  through  backcrossing and
introgression. From a conservation standpoint,
introgression can result in genetic contamination
of native populations and consequent loss of
adaptive gene complexes, or in extreme cases
swamping or even extinction of rare species
(Levin et al., 1996). Isolation from cross
compatible species should thus be considered in
conservation efforts, especially for rare species.
For example circa situm efforts to conserve
particularly rare species such as L. magnifica
could be compromised or displaced by
hybridization with other cross compatible
species cultivated in or near the few small
populations which remain of that species.
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(iv) At some level circa situm methods will
always be ‘second best® to in situ conservation.
As mentioned above, environmental factors, tree
densities, ecological relationships and hence
selection pressures in  human-managed
agricultural landscapes are greatly altered from
the natural state. Thus while circa situm
conservation may allow some species, such as
Leucaena, to survive and even thrive, it cannot
conserve all the complexity of natural
interactions associated with pristine forests
(Janzen, 1983), nor natural patterns and levels
of diversity within species. Genes that are
successful in the farm/field habitat will be
favoured and the original evolutionary
equilibrium will be altered.

The potential to support, sustain and expand circa situm
conservation through use has been explored recently for
one species, L. salvadorensis in Honduras (Hellin and
Hughes, 1993; Ponce, 1995; CONSEFORH, 1998). A
number of basic measures required to promote or
catalyze continued and expanded conservation through
use and mitigate some of the possible limitations listed
above are apparent from this work. Very often staff in
organisations supporting community tree planting projects
are unaware of, and/or unable to identify, the full range
of local tree species and fall back on better known
exotics. Identification tools, training and appropriate
awareness raising extension material may be sufficient to
rectity this (e.g. Hellin and Hughes, 1993;
CONSEFORH, 1998). One of the aims of this Handbook
is to provide such a tool and raise awareness of lesser
known species. Lack of available seed supplies from
national tree seed banks can also hinder use of lesser
known species of Leucaena. Transfer of seed collection
activities to farmers and local communities themselves is
one immediate way to overcome this problem. Indeed
seed demand in itself can provide an added benefit and
hence incentive to maintain trees on farms, when farmers
are collecting and exchanging or selling seed themselves.
Encouraging use of local seed sources, collected from as
many parent trees as possible also goes some way to
ensuring maintenance of genetic variation in cultivated
material. Indeed, ‘locally-based conservation®, a term
coined by Qualset er al (1997), has great utility in
guiding the practice of circa situm conservation action.
It is use of local diversity and local issues of pride,
ownership, cultural practices and economic value which
will dictate the success of circa situm measures.
Decentralization of seed collection and supply are thus
likely to have multiple benefits.

However, defining what scale is ‘local’ is not
straightforward; there may be a danger of over-
localization. Scale needs to be determined by the
distances over which the genetics of a species varies.
This will depend on its distribution, breeding system (out
crossing vs. self fertile), patterns and levels of geneflow
and degree of population fragmentation. These are the
same factors which inform about seed collection

sampling strategies (Section 6.4) but for most Leucaena
species there is a great dearth of data on these
parameters. Hellin and Hughes (1993) attempted to draw
a map as the basis for ‘locally-based" conservation of L.
salvadorensis, but this was based on pragmatic guesses
rather than genetic data.

There is currently much discussion about giving practical
recognition to the concept of Farmers’ Rights arising
from their past, present and future contribution to the
conservation and development of genetic resources
(Section 9.6). Sharing of benefits, however modest,
arising from use and commercialization of Leucaena
genetic resources might provide one way to provide
additional support for circa situm conservation. Such
benefits might be used to support community seed
collection activities or establishment of tree nurseries in
communities with important Leucaena species in their
care.

8.6 Conclusions and recommendations

The current contribution of either strict in or ex situ
measures for the conservation of Leucaena genetic
resources is extremely limited because they have focused
primarily on the widespread species of little or no
conservation concern. They do not adequately address the
conservation priorities as determined here (Table 8). It
seems that for Leucaena what has happened outside
protected areas has contributed more to effective
conservation of diversity than protection of in situ
reserves or ex situ collections. In the absence of
sufficient investment in ex oOr in situ measures, circa
situm conservation has been the only effective
conservation option to date. It may be time to
acknowledge the impracticality (costs and technical) of
conserving all potentially useful species and genetic
diversity in or ex situ and to recognize the important role
of circa situm conservation. Concerted in and ex situ, and
circa situm action is needed to improve the conservation
of Leucaena genetic resources. As for other plant groups
complementary conservation action is likely to be more
successful than sole reliance on any one method (Maxted
et al., 1997).

Specific recommendations for genetic conservation of
Leucaena are:

(i) In situ - there is still scope to establish new
protected areas in remaining dry forest hot spots
in the Balsas Depression, the Tehuacan Valley
and coastal Oaxaca in Mexico. Protection of
intact forest patches in these areas before they
disappear could contribute o in  situ
conservation of some of the rarer Leucaena
species of greatest conservation concern.
Documentation of the occurrence of rare species
of Leucaena, such as L. matudae and L.
pueblana, in these areas adds ammunition to
those fighting to establish new protected areas.
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Leucaena has been operating more or less successfully
for many centuries. Farmers and communities living in or

to the ex situ conservation seed collections in
long term storage. However, such measures will,
at best, provide a rescue option should a species
become extinct in the wild.

(iii) Circa situm - the contribution of farmers
and local communities throughout Mexico and
Central America who have been and continue to
be the primary custodians of Leucaena genetic
resources needs to be given more substantive
recognition.  Farmer-based circa  situm
conservation of the majority of species of

near to populations of Leucaena species can be key
contributors to their conservation and can decide the fate
of Leucaena diversity. There appears to be good scope to
extend and consolidate circa situm conservation for a
wider range of species including some of those which are
of significant conservation concern, such as L. magnifica
and L. lempirana. Given appropriate support and
encouragement, and stronger links between tformal
(exotic) and indigenous domestication (Tripp and van der
Heide, 1996; Chapter 9), tarmers and local communities
may continue to be key contributors to the conservation
of Leucaena in the future.
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9 Domestication

9.1 Introduction

Any Genetic Resources Handbook could reasonably be
expected to include discussion of how to use and
domesticate the species and genetic diversity documented
within it. After all, what is the point ot documenting and
understanding diversity if we don’t know how to use it
effectively? However, this chapter on domestication
presents no detailed selection and breeding strategies. It
is not a simple prescription of how to proceed with
domestication. This is partly because no single strategy
for genetic improvement of Leucaena will suffice. The
diverse biophysical conditions, end products, species and
hybrids, farming systems, clients and wider socio-
economic and environmental contexts of Leucaena use --
with “as many manifestations as there are situations”
(Kanowski, 1996: 298) -- will demand species- and
location-specific approaches to domestication. Figs 7B-E,
8A-B, YA-G, 10B and G illustrate a diverse set of
farming systems and socio-economic contexts of
Leucaena wuse. It is also because it has become
abundantly clear in recent years that adapting
conventional crop or tree improvement methods to the
domestication of agroforestry trees used by smallholder
farmers may not be straightforward. It has been widely
stated that agroforestry tree domestication is as much a
socio-economic, political and environmental challenge as
a biological or technical one; that it is more complex
than crop breeding or genetic improvement of plantation
species; that the beneficiaries (clients) comprise a much
more heterogenous community of tree growers than
plantation enterprises; that delivery pathways for
improved malterial are generally lacking and that, if
delivered, improved material may be diluted by existing
inferior landrace material; that much can be learned and
gained from greater and more whole hearted participation
of farmers in the domestication process; that
domestication can have negative as well as positive
environmental impacts e.g. on biodiversity conservation;
that more substantive recognition of genetic resource
property rights needs to be considered and better
integrated into overall domestication eftorts; and, perhaps
most significantly, that conventional tree improvement
strategies may not be appropriate or optimal (Hughes,
1994; 1995; Sinclair et al., 1994; Kanowski, 1995; 1996;
Simons, 1992; 1996a; 1996b; Simons and Kindt, 1996;
Sinclair, 1996; Newton, 1996; Boshier and Beer, 1997,
Edwards and Schreckenberg, 1997). However, detailed
solutions to these numerous dilemmas remain elusive.
Some have suggested that new strategies, or ways to
adapt old strategies, will emerge from more detailed
knowledge and better understanding of farmer decision
making and germplasm delivery pathways (Simons,
1996a). In other words, once we know enough about
these more complex circumstances, objectives and

opportunities we will be in a position to design breeding
strategies -- perhaps comprising enhanced domestication
with fine tuning of ‘associative traits' and more
proactive advance seed multiplication -- that truly meet
detailed farmer concern profiles and benefit sustainable
agroforestry (Simons, 1996a). Others have suggested that
a more radical shift towards locally-based (possibly
restricted to native species and ‘semi-domestication")
participatory breeding by farmers (or at least facilitating
local domestication by farmers), needs to be considered
(Newton, 1996; Sinclair, 1996). Others again have been
asking the more fundamental question ‘to domesticate or
not to domesticate?® (Simons and Kindt, 1996), and if
we domesticate, what are the full environmental and
socio-economic implications? For example, does
domestication lead inevitably to full commercialization
and incorporation into large scale plantations or
commercial  agriculture? The whole topic of
domestication of agroforestry trees is in a state of flux
and rethink, and the domestication of Leucaena is no
exception.

In place of straightforward prescriptions, this chapter
aims to reflect on possible future domestication in the
light of: what has been achieved (or not) to date in the
(formal) domestication of Leucaena as an exotic; how
indigenous domestication has proceeded; and the recent
insights that reveal the hitherto largely unacknowledged
complexities of domestication of agroforestry trees. As a
framework, contrasting and complementary aspects of
indigenous and exotic domestication of Leucaena are
presented in Table 11. Detailed discussion of the
indigenous domestication of Leucaena as a minor food
crop (Chapter 4), spontaneous and artificial hybrids
(Chapter 5), and genetic conservation (Chapter 8) also
provide important background. I hope that some
guidelines, albeit general, for the future domestication of
Leucaena may emerge from this discussion, but overall
it raises more questions than it provides answers for.

9.2 Breeding objectives

Although there is a long history of introduction,
cultivation, naturalization and incipient domestication
(e.g. Dijkman, 1950) of Leucaena species outside their
native ranges stretching back several centuries (Section
6.2), more intensive formal genetic improvement is in its
infancy, restricted essentially to the last three decades.
This has been carried out by a small number of
organisations, most notably the University of Hawaii and
CSIRO in Australia, often with very limited resources.
These programmes were directed, at least initially, and to
a significant extent even now, towards improving
livestock fodder production. High yield, improved forage
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Table 11 Contrasting and complementary aspects of indigenous and exotic domestication of Leucaena*

Domestication component

Indigenous domestication®

Exotic domestication

Taxonomic knowledge

Primary product
Time span

Genetic conservation

Acquisition of new
germplasm

Hybridization

Selection and breeding

Levels of genetic diversity
in production systems

Screening/ adaptation/
adoption of improved
germplasm or hybrids
Gene technology

Farmer participation

Benetficiaries

Weediness

Genetic resource access
and property rights

Several folk taxonomies - finely
differentiated local cognitive systems

Food (unripe pods and seeds), some wood
Several millennia

Strong circa situm’®, some in Situ

Local neighbour exchange and other
informal seedflow

Spontaneous hybrids common but limited
to few species growing in any one area

Adoption and adaptation of spontaneous
hybrids plus some ‘incipient
domestication®

High - usually several species and high
levels of infraspecific diversity

For local, not widespread adaptation

No

Yes - domestication done by farmers

Smallholder farmers

Unproblematic

Farmers’ rights rarely acknowledged and
largely unrecognized

One scientific taxonomy - very
variable, but generally crude local
cognitive systems

Livestock fodder (leaves), some wood
<100 years; mainly last three decades

No in situ and weak ex situ, reliant on
circa situm

Worldwide, from scientific institutions,
seed companies, government and other
agencies

Artificial hybridization expanded to
whole genus; spontaneous hybrids
common

Artificial hybridization, some selection
and breeding; spontaneous hybrids
rarely domesticated

Low - usually one species utilizing one
or a handful of narrowly based
varieties or hybrids

For widespread, not local adaptation

Yes - but hardly applied as yet to
Leucaena

No (or very limited) - domestication
undertaken for them

Diverse - smallholder farmers,
commercial agriculture and forestry
enterprises

Problematic, fostered by domestication
through on-going species introductions

Breeders’ rights - first commercial
Plant Breeders Right for Leucaena
granted in 1997 (Uniquest, 1997)

! Based on, but much modified from, Berg et al. (1991)

? Indigenous domestication is described and discussed in detail in Chapter 4

* Circa situm conservation refers to conservation in managed agricultural landscapes, i.e. outside natural in situ habitats,
but within the native geographic range of a species (Chapter 8)
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quality (including low mimosine), acid soil tolerance and
more recently psyllid resistance have been the main
breeding objectives, but these have not been static. For
example, the early work on breeding low mimosine
varieties or hybrids was largely abandoned following
solution of the mimosine problem, at least for ruminants,
from a quite unexpected quarter through alteration of
rumen microfloras (Section 3.7). The overwhelming shift
in emphasis to breeding for psyllid resistance in the mid
1980s was also unexpected (Section 3.4). This could be
abandoned should effective biocontrol of the psyllid be
achieved. It has also been suggested that the solution to
the poor acid soil tolerance of Leucaena is not likely to
be found through breeding, but rather through use and
domestication of other genera (Section 3.3). Thus, even
over the last three decades, breeding objectives have
changed dramatically in response to new and unforeseen
challenges or novel and unexpected solutions. Breeding
objectives for Leucaena have been, and are likely to
continue to present, a moving target.

Breeding objectives may also vary from place to place
dependent on the numerous factors (products,
biophysical, socio-economic, economic) which
characterize different farming systems. For example,
indigenous domestication has focused mainly on pod
traits related to food production (Chapter 4) while
international domestication as an exotic has been directed
towards leaf quality traits related to livestock fodder
production. In some situations breeding objectives may
be sharply defined. For example the traits to be selected
to improve Leucaena for use in Australian pasture
systems have been defined by detailed agronomic
research over several decades. In other cases breeding
targets are less well understood and remain blurry.
Characterization of many tropical farming systems, and
particularly the desirable traits of trees in agroforestry
systems, has only just begun (Raintree and Tailor, 1992;
Cromwell et al., 1996). Only in the last few years have
scientists, including tree breeders, made a start towards
understanding the more complex °‘associative traits'
(sensu Sinclair, 1996) of tree-crop interactions to define
suitable ideotypes for breeding. Furthermore, it is only
recently that scientists have started to understand farmer
‘concern profiles’ and involve farmers in defining
species priorities and breeding objectives in more detail
(Franzel et al., 1996; Simons, 1996a). If, as some have
asserted, such studies are the staring point for tree
improvement (Sinclair et al., 1994; Sinclair, 1996),
further modifications to, and great variation in, breeding
objectives may be expected.

At the same time, it is increasingly clear that it will not
be enough to breed high yielding, psyllid-resistant
varieties or hybrids which produce high quality livestock
fodder even if they are adaptable to a wide range of
farming systems. Effective mechanisms for their
multiplication, dissemination, maintenance, development,
or control may not be in place to deliver improved
material to growers. The fate of improved material once
delivered must be considered to examine whether genetic
gains are likely to be sustainable in the face of changing

circumstances and objectives or possible genetic
contamination from existing landraces or closely related
species, and whether new material is likely to become
weedy. Any new germplasm which is released must be
shown to be environmentally benign (Section 3.9).
Maintenance of high levels of genetic diversity in
improved material which is deployed may be required to
provide farmer security and scope for continued farmer
based domestication. Risks of weediness and the need for
security in relation to pests and diseases are key
considerations. Finally, it is also becoming clear that
genetic conservation needs to be considered as an integral
part of genetic improvement programmes and that this is
inextricably linked with recent trends to establish genetic
resource property rights (Section 9.6).

The extent to which previous genetic improvement
programmes for Leucaena, or more sophisticated
breeding strategies now being implemented, are likely to
address these wider challenges of diversity in relation to
risks, participation by farmers, genetic resource property
rights and environmental hazards associated with
weediness, and how easily material released from these
programmes has been or can be delivered to growers, are
assessed below.

9.3 Diversity, risks and farmer security

The genetic vulnerability of the narrowly based varieties
of L. leucocephala and the risks associated with their
wide deployment of a single species were pointed out by
Benge (1983) and Brewbaker (1980; 1983; 1985). These
risks have since been starkly demonstrated by the
susceptibility of L. leucocephala to the psyllid defoliator
(Geiger et al., 1995; Section 3.4) as well as other
limitations (Chapter 3) with disastrous consequences for
livestock production. Furthermore, narrowly based
material has clearly not been amenable to any subsequent
farmer-based domestication. There have been many calls
for use of more diverse Leucaena material (e.g.
Brewbaker, 1980; 1985; Hughes, 1988b; Bray, 1994;
Geiger et al., 1995).

Although some have emphasized diversity within species
or hybrids, in the form of multi-parent composites to
reduce risks (Simons, 1992), use of a larger number of
species (even if they all comprise narrowly-based
varieties) may provide a more robust alternative (Hughes,
1988b; 1994; 1995). The narrow genetic base of the
handful of widely used lines of L. leucocephala was
exacerbated by often virtually sole reliance on a single
species in planting programmes. The disastrous
consequences of failure for communities reliant on L.
leucocephala would have been far less serious had L.
leucocephala formed a smaller proportion of total
planting programmes thereby spreading risks (Geiger et
al., 1995).

There are no firm guidelines to indicate what levels of
diversity in tree populations are needed to provide
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adequate security under differing socio-economic
conditions and ditferent plantation, agro-forest and farm
systems. The wider relationships between biodiversity,
human welfare and farmer security are also complex
(Blaikie and Jeanrenaud, 1996). In industrial plantation
forestry, bio-energy plantations or commercial
agriculture, cogent arguments in terms of yield gains,
economics, marginal returns and uniformity of product
can be made to support use of often highly bred,

narrowly based seed sources or clones of a handful of

well known exotic species. It is largely in this arena that

crop breeding and tree improvement have operated
successfully in the past (Kanowski, 1996). Under these
circumstances genetically improved material may make
the difference between economic viability, or not. Thus
it may be that large scale commercial Leucaena pasture
systems, such as those in northern Australia, depend on
use of highly uniform, narrowly based, genetically
improved cultivars which meet the very tight
specifications of uniformity, leaf quality and high yield
required to ensure the sort of animal live weight gains
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which make extensive beef production economically
viable.

For smallholder subsistence agroforestry, the arguments
in favour of relying on this type of genetic material
appear to be less compelling. In subsistence farming, in
addition to yield, site adaptability, and product quality,
there are wider considerations of stability, security and
risk reduction, micro-site matching, timing of production
in relation to seasons, diversity of products, compatibility
with crops and livestock, integration with farm/family
labour profiles, and self sufficiency and autonomy. Most
such subsistence agroforestry systems are more complex
and varied than agricultural or plantation systems
(Kanowski, 1996). Smallholder farmers have larger and
often more complex ‘concern profiles® (sensu Bellon,
1996) compared to commercial growers. These concerns
demand use of highly diverse material that matches the
diversity of products that has been traditionally harvested,
in some areas, from natural forest. In general, the more
diverse the forest or agro-forest in terms of species, the
more secure the services and the wider the range of
available products (Sargent, 1992). Furthermore,
maintenance of diversity in subsistence farming is often
part of an adaptive strategy that allows resource poor
farmers to cope with the heterogeneous and uncertain
ecological and socio-economic environments in which
they work (Bellon, 1996; Edwards and Schreckenberg,
1997). Tree planting is often one part of that strategy
(Chambers and Leach, 1989). For tree planting that
adaptive strategy must incorporate genetically diverse
material and probably include a variety of species (or
hybrids) in any one area (Marten, 1988; Sinclair et al.,
1994). The "multipurpose” tree concept in itself has
mitigated against use of a wider range of species (Barnes,
1990) as a way of obtaining multiple products and
reducing risks.

The indigenous domestication of Leucaena in Mexico
(Chapter 4) provides one example of maintenance and
use of high levels of diversity in subsistence farming
systems (Table 6). It is not uncommon to find two, three,
or even four species of Leucaena, along with one or
more spontaneous hybrids, growing sometimes in a single
field (Fig 9F), but frequently within a single community
in parts of south central Mexico. High diversity is
favoured and fostered by farmers in their quest for
products of differing qualities and species with different
production seasons and site adaptabilities. It is axiomatic
that deployment of diverse material is a prerequisite to
facilitating on-going domestication by farmers after
material is released. If farmer breeding is to be an active
and effective component of domestication (see below), as
many have suggested recently, diverse material will need
to be released. For Leucaena, recognition, adoption and
cultivation of spontaneous hybrids arising in cultivation
has been the main process facilitating indigenous
domestication. Such hybrids may be an equally important
source of new variation in the future where Leucaena
species are grown as exotics (see below; Chapter 5). In
order to incorporate the concerns of subsistence farmers
(who make up the vast majority of Leucaena users) for

security, and promote their greater participation in
domestication, maintaining high levels of species and
intraspecific genetic diversity may be as important as
other breeding objectives.

However, the formal domestication of Leucaena as an
exotic has to date followed a very different approach.
The main outcome of both the UH and CSIRO Leucaena
genetic improvement programmes so far has been the
deployment of a series of self fertile, low diversity, high
yielding varieties and hybrids (e.g. L. leucocephala - K8,
K636 (‘Tarramba'), ‘ Cunningham®, LxL (a multiline
intervariety hybrid of L. leucocephala); L. diversifolia -
K156 and L. leucocephala x L. diversifolia KX3 hybrid)
(Table 12). For these ‘domestication’ has been simple,
in that it has involved no complex selection or breeding
beyond first generation hybrids, but rather the
straightforward collection, evaluation and release of
superior varieties, several of which are essentially
unaltered genetically from ‘wild" or incipiently
domesticated (Chapter 4) material. Domestication has
always involved an extreme narrowing of the genetic
base. Within three decades, following the release and
promotion of the ‘Giant® or ‘Salvador® varieties of L.
leucocephala, one or a few self pollinated varieties were
being cultivated across the tropics. Most cultivated
material of L. leucocephala can be traced back to a small
number of cultivated trees in Mexico and El Salvador,
subsequently replicated by self pollination and abundant
seed production. The most widely cultivated variety, K8,
represents largely selfed progeny of material originally
collected from one or a few cultivated trees in the central
Mexican State of Zacatecas. The K636, cv. ‘Tarramba'
is similar. Deployment of the other self fertile species, L.
diversifolia has proceeded along similar lines with
promotion of, and reliance on, essentially one variety,
K156, again derived from one or a few parent trees
growing (and likely cultivated for their edible pods) in a
backyard near Fortin, Veracruz, Mexico. Only a handful
of parent lines, e.g. K636 x K156, have been used in the
production of the self fertile L. leucocephala x L.
diversifolia, KX3 hybrid.

It requires only a small step to incorporate at least
somewhat greater diversity into the self fertile varieties
of Leucaena. Deployment of self fertile species (or
hybrid) in the form of multi-line varieties as genetically
diverse composite seedlots could be one such step. The
recent release of a more diverse composite multi-line
intraspecific hybrid (LxL) of five L. leucocephala subsp.
glabrata, ‘Giant® accessions (Austin et al., 1997) is a
significant step in this direction. However, the
comparative lack of genetic and useful variation,
particularly in psyllid resistance, within L. leucocephala
(Sections 3.1 and 6.3), may limit the scope to develop
diverse multi-line or multi-intervarietal hybrid composites
for that species. However, for the other self fertile
tetraploids and hybrids this is not the case. L. diversifolia
is known to be more variable. Furthermore the natural
distribution of this species is now known to be much
more widespread than was previously acknowledged (Fig
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Table 12 Identities and origins of widely deployed cultivars and hybrids of Leucaena species

Origin

Ident. No./ Source
cultivar
L. leucocephala subsp. glabrata

K8 One of the first (distributed from 1970 onwards), and perhaps the
most widely cultivated of the ‘Giant' or ‘Salvador' type lines,
originally selected for exceptional forage and wood yields
(Brewbaker et al., 1972). Formally registered as a cultivar by the
University of Hawaii (Brewbaker, 1975).

K28 University of Hawaii - * Giant* or ‘Salvador' type

K67 University of Hawaii - * Giant® or *Salvador® type

' Cunningham' Bred line created by crossing ‘ Peru' and ‘Salvador® type lines
between 1956 and 1958 by Gray at the CSIRO, Division of
Agronomy, Cunningham Laboratory; formally registered by Hutton
and Beattie (1976). Combines the vigour and erect habit of
*Salvador' type and branchiness of the ‘Peru’ type.

K636 ‘Giant" type accession: moderately psyllid-tolerant cf. other ‘Giant'

(* Tarramba')

K156

lines (Wheeler er al., 1987; Bray, 1987; Glover, 1988; Wheeler,
1988; Uniquest, 1997). Registered under Australian Plant Breeders
Rights Scheme as cv. ‘Tarramba' (Uniquest, 1997); seed production
licensed in Australia to LEUCSEEDS (1997).

L. diversifolia

University of Hawaii. Perhaps the most widely distributed accession
of L. diversifolia

Hybrids

Advanced generation artificial hybrid: L. leucocephala x L. pallida
created at the University of Hawaii. Widely distributed and known to
be psyllid-resistant, high forage yielding, and cool tolerant (Austin ef
al., 1995; 1997). Advanced generation Fg hybrids, as variety
*Ohana', with seed available from HARC (Austin and Osgood,
1997).

Advanced generation artificial hybrid: L. leucocephala x L.
diversifolia created at the University of Hawaii. Widely distributed
and known to be cool tolerant, moderately psyllid-resistant and high
yielding (Brewbaker et al., 1988). Self fertile. Selfing and recurrent
selection used to create more stable advanced generation hybrids
(Brewbaker and Sun, 1996)

Moyahua, Zacatecas, Mexico
Collected 1959 by H.S. Gentry

Collected at the Santa Tecla
Experimental Station, El
Salvador, 1963; origin unknown

Collected at the Santa Cruz
Portillo Experimental Station, El
Salvador, 1963; unknown origin

Cultivar Peru obtained from
Argentina, but of supposed
Peruvian origin x CPI 18228
Salvador accession obtained via
Hawaii from Guatemala in 1953

Saltillo, Coahuila, Mexico
Collected by A.J. Oakes, 1978

Backyard 3km N of Fortin de
Flores, Veracruz, Mexico
Collected by J.L. Brewbaker,
1967

Several combinations of
accessions used but most
promising are: K636 and K548
(L. leucocephala) x K748 (L.
pallida) (Austin et al., 1997).

Several combinations of
accessions used but most
promising are: K636 (L.
leucocephala) x K156 (L.
diversifolia).

31; Hughes, in press); new provenances from five States
in southern Mexico and one location in northern
Guatemala, collected by OFI provide a broad genetic
base for evaluation of diversity within L. diversifolia and
for the establishment of genetically diverse seed
production stands. These could be based on bulk seedlots

which sampled 20-50 parent trees per provenance, or
comprise more sophisticated seed orchards based on
individual tree collections, of which there are 94 in the
OFI collection. Thus for L. diversifolia, there is good
immediate scope to design and propagate diverse and
genetically robust composites in simple multi-line seed



Domestication 113

orchards.

Exploiting hybridization promises almost unlimited scope
for Leucaena improvement (Chapter 5; see below). The
potential to create adaptable, high yielding, high product
quality, psyllid resistant, and if desired seedless hybrids
has been amply demonstrated (Brewbaker and Sorensson,
1990; Brewbaker et al, 1989; Sorensson, 1995).
However, research is also needed to examine levels of
genetic diversity within bred hybrid lines. Hybrids,
simply because they combine the genomes of two
species, do not necessarily overcome the problem of a
narrow genetic base unless carefully managed. It has
been suggested that significant enzyme diversity within
hybrids can lead to stability across environments, and
that the enormous range of phenotypes exhibited by
segregating hybrids is indicative of high diversity
(Sorensson, 1995). However, segregation may be a
function of recombination and does not necessarily
indicate high genetic diversity, particularly after several
generations of selection. Thus, as for conventional
selection and breeding, there appear to be strong
arguments in favour of development of multi-line
hybrids, based on a set of parent accessions (Chapter 5).

Very little of the diversity in Leucaena which has been
assembled in the three major seed collections (Section
6.3), is currently available for routine use by Leucaena
growers. This is partly because research to evaluate this
diversity is incomplete and superior species and seed
sources have yet to be identified and fully tested across
sites, but it may also be because deployment of out
crossing species is more difficult without more
substantive investment in seed production. Seed of
species or provenances of any out crossing species which
have performed well in trials is unlikely to be
immediately available.

9.4 Seed multiplication and delivery of
improved material

There has been growing interest in understanding the fate
of new genetic material after it is released (or
introduced). This concern has come from several
quarters. Agroforestry tree breeders have been concerned
about how to inject improved material rapidly and
effectively into widespread use (Simons, 1996a; 1996b)
and about its possible subsequent contamination, and
hence dilution by existing local inferior landrace material,
or in the case of Leucaena, other cross compatible
species (Chapter 5). Conversely, those concerned with
farmer-based circa situm conservation have been
concerned about the possible displacement, or
contamination of traditional varieties (or native trees)
conserved circa situm, by improved varieties (or exotic
tree species) (Hughes, 1995; Bellon, 1996; Section 8.5).
Those concerned with conservation more widely have
also been interested in, and greatly concerned about,

understanding why some introduced species invade and
others do not. All these factors need to be considered in
domestication of Leucaena. At one extreme, seedy self
fertile species are extremely straightforward to distribute
and often spread naturally, sometimes becoming weedy
and invasive (Section 3.9), while at the other extreme,
sterile triploid hybrids (Section 5.7) are extremely
difficult to disseminate and establish in widespread
cultivation with present technology but are
environmentally benign.

Delivery pathways. There are sharply contrasting views
about how best to deliver genetically improved trees to
farmers and about tree seed supply pathways more
generally in farmer and community based agroforestry.
Some have emphasized the importance of local seed self
sufficiency through neighbour exchange and other
informal local (or possibly regional) seed flows for the
success and sustainability of farmer and community-
based tree planting projects. This is at least based partly
on recent studies which show that neighbour exchange
and other local “informal” seed sources provide the main
channels by which farmers currently obtain seed or
seedlings for planting (e.g. Cromwell ez al., 1996; Brodie
et al., 1997). Abundant local availability of seed was
certainly an important factor contributing to the spread
and blanket adoption of L. leucocephala. Early and
abundant seed production through self pollination, giving
true bred material, meant that seed of L. leucocephala
was spread extremely easily from country-to-country,
region-to-region, organisation-to-organisation, and from
farmer-to-farmer. Ease of delivery also contributed to
very wide use of, and reliance on, an extremely narrow
genetic base (see above). Others have placed greater
empbhasis on the effectiveness and importance of external
seed supply through a variety of more formal hierarchical
extension and dissemination pathways. Simons (1996a)
describes these pathways in terms of distribution (to
NARs, NGOs and communities), dissemination (to
farmers) and diffusion (farmer-to-farmer exchange).
Recently emphasis has been placed on speeding up the
production and release of improved material by bringing
forward seed multiplication concurrently with evaluation
to ensure that it is delivered before inferior material is
widely established (Simons, 1996a; 1996b). At the other
extreme, some apparently envisage on-going reliance on
external seed supply as a normal and sustainable
component of all routine tree planting activities.
Approaches to producing seed of more advanced and
stable Leucaena hybrids generally rely either on more
sophisticated technology such as hybrid seed orchards or
vegetative propagation. Some have pointed out the
potential increased profits from hybrid seed produced
from sophisticated seed orchards relative to heavy, early
seeding species such as L. leucocephala, for the
development and growth of a successful Leucaena seed
industry (Brewbaker and Sorensson, 1990; Sorensson,
1995). Reliance on continued external seed supplies to
deliver improved material may be attractive to breeders
and seed merchants, but most seem to accept that such
dependence is neither acceptable, realistic, nor sustainable
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for resource poor farming communities (Cromwell et al.,
1996). Informal local seed flow among farmers is an
inevitable, essential and potentially beneficial component
of seed supply. Once farmers have the necessary
germplasm on-farm, outside sources are likely to be more
expensive than locally collected seed and will tend to
become redundant (Edwards and Schreckenberg, 1997).
Thus what is really important in any release of new
material is to design such material with subsequent on-
going diffusion, and domestication in mind.

Once again, seed distribution pathways vary greatly from
country to country according to circumstances. In some
situations, promotion, advertising and effective marketing
of new material (e.g. LEUCSEEDS, 1997 in Australia)
may be sufficient to prompt farmers to purchase
improved seed. Provision of cultivar names such as
‘Maya type" for Gliricidia sepium (Simons, 1996b) or
‘Tarramba" tor K636 L. leucocephala (Uniquest, 1997),
is seen as an important factor in marketing and adoption
of improved material. Even when outside seed is used,
subsequent neighbour exchange seems likely. In other
situations, tarmers obtain all material locally either as
seeds, or often as seedlings, from neighbouring natural
vegetation, farms or villages. Tree seed purchased from
the formal sector will almost always be more expensive
than locally collected seed (Cromwell et al., 1996).
Informal local seed exchange has been the sole
mechanism for indigenous domestication in Mexico. In
other areas a mixture of seed sources, both local and
external are used, often with seed or plants supplied by
local or national development projects and NGOs. Such
situations offer good scope for the development of
community-based seed supply initiatives which may be
able to incorporate some improved material (e.g.
Barrance, 1997 in southern Honduras; Cromwell et al.,
1996).

For Leucaena, differences between self fertile and out
crossing species, and variation in seed productivity
dictate how easy or otherwise it is to distribute and
deliver new material to farmers.

Self fertile species. The deployment of improved genetic
material of Leucaena has, to date, comprised a small
number of self fertile species or hybrids (e.g. L.
leucocephala - K8, K636 (‘ Tarramba®), * Cunningham®,
LxL; L. diversifolia - K156 and L. leucocephala x L.
diversifolia KX3 hybrid) (Table 12). Delivery of this
improved material to all, whether commercial or
smallholder farmers, has been relatively straightforward,
facilitated by self fertility and abundant seed production.
Seed increase of other self fertile tetraploid species, such
as L. diversifolia, or the self fertile hybrid KX3 between
L. leucocephala and L. diversifolia, is as easy as for L.
leucocephala. Any new tetraploids produced via
unreduced gametes (Sorensson, 1997) are also likely to
be self fertile and therefore easily multiplied and
exploited.

Out crossing species. Although the majority of Leucaena

species are out crossing, there have been only limited
attempts to domesticate any of the out crossing species
of Leucaena so far. Seed of most of the self incompatible
species of Leucaena is not available in bulk or semi-bulk
quantities at present. The natural populations in Mexico
and Central America provide the only source of bulk
seed supplies for most species that is immediately
available. Forest tree seed banks in Nicaragua, Honduras
and Guatemala regularly supply bulk seed of a range of
native Leucaena species.

Production of pure seed of out crossing species demands
use of more diverse material than a single tree or variety.
For example, a small seed orchard of 12 trees of each of
15 accessions of L. pallida was established to produce
composite seed in Australia with some success (Bray,
1995b), but difficulties were encountered in seed
production of the single superior L. trichandra line
CPI46568 due to scant seed production. Two seed
orchards of L. salvadorensis have been established in
Honduras (Ponce, 1995) following the Breeding Seedling
Orchard design, BSO, (Gibson, 1992). The BSO
combines progeny testing, limited phenotypic selection
within and between families and seed production within
a single planting. The two BSOs in Honduras included
30 and 44 open pollinated half-sib families of L.
salvadorensis, thereby maintaining a broad genetic base
(Ponce, 1995). These were planted at close spacing in a
replicated design with early assessment and progressive
selective thinning to wide spacing for seed production.
Even for this shy seeding species significant seed
production has been obtained.

The problem of seed increase was clearly acknowledged
within the Leucaena psyllid trial (LPT) programme
coordinated by NFTA. The follow up Leucaena seed
production (LSP) programme established seed production
stands of a range of psyllid-tolerant species and hybrids
in five countries, namely: India, Indonesia, Philippines,
Taiwan and Thailand in 1989. However, once again, seed
production from the LSP programme has been limited
mainly to the self fertile tetraploids such as the K636
variety of L. leucocephala. In the LSP, two orchards
were established at each site, usually with cross sterile
taxa. Seed tor 500+ trees, including a minimum of 10
accessions was supplied and it was recommended that
orchards be established at some distance from the LPT
trials. Success of the LSP was mixed and seed beetle
infestations (Section 7.3) limited production of viable
seed at some sites.

In the absence of alternatives, it is tempting to collect
seed directly from research trials or arboreta. Research in
Hawaii has shown that there are few genetic barriers to
interspecitic hybridization in Leucaena (Sorensson and
Brewbaker, 1994; Section 5.2). This means that when
species are brought into close proximity in cultivation, as
happens in trials and arboretum collections, there will be
many opportunities for spontaneous hybridization
(Sections 5.5 and 5.6). The genetic integrity of seed, of
all but the self fertile species and hybrids, collected from
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such areas cannot therefore be guaranteed, as
demonstrated by Hutton (1981) and Hutton and Tabares
(1982) for seed collected in trial plots at CIAT,
Colombia. Further than this, the small plots in trials or
arboreta contain too few parent trees to provide an
adequate genetic base for routine seed production
activities. Seed collections for routine planting, at least of
self incompatible species, should thus not be made from
trials or arboreta.

Hybrids. There are two main approaches to breeding
interspecific hybrids to overcome variability resulting
from segregation in advanced generation progeny and to
create more stable hybrid lines (reviewed by Sorensson,
1995). The first relies on clonal propagation to capture
hybrid vigour and vegetatively propagate clones of
outstanding elite hybrid segregants. This approach has
not been used so far for Leucaena because no routine
technology for rooting cuttings has been developed,
although there are several promising options under
investigation (see below). The second approach is based
on development of advanced generation progenies of
fertile tetraploid hybrids through either mass selection or
inbreeding and recurrent selection of self compatible
segregants (Sorensson, 1995). These more complex
strategies involving back-crossing and recurrent selection
have been implemented to produce high yielding, stable,
high forage quality, psyllid-resistant L. leucocephala x L.
pallida, KX2 hybrids (Austin et al, 1995; 1997).
Problems posed by production of hybrid seed, and
development of efficient vegetative propagation
techniques are priorities for research in Leucaena hybrid
breeding (Sorensson, 1995).

Hybrids vary greatly in their seed productivity. A few of
the tetraploid hybrids, such as the L. diversifolia x L.
leucocephala are self fertile and produce abundant seed.
The remaining tetraploid hybrids also produce seed
readily. Most diploid hybrids are at least partially fertile,
although a few appear to be sterile (Brewbaker et al.,
1989) while triploids are generally sterile or nearly sterile
and produce little or no seed (Brewbaker et al., 1989;
Sorensson, 1995). In Indonesia a programme of
vegetative propagation using stem cuttings and bud
grafting was used to establish grafted seed orchards of
the L. leucocephala x L. trichandra triploid hybrid
(Toruan-Mathius et al., 1995). Although seed set is
sparse, some hybrid seed has been produced. However,
in most cases, routine planting and possible
commercialization of triploid hybrids will require
development of simple, effective and cheap methods of
seed production and/or vegetative propagation.

Despite investigation into a wide range of techniques
including rooted stem cuttings (Hu and Chi-Cheng, 1981;
Bristow, 1983; Duguma, 1988; Litzow and Shelton,
1991; Brewbaker and Sun, 1995), tissue culture (Peasley
and Collins, 1980; Glovak and Greatbatch, 1982; Nagami
and Venketswaran, 1983; Ravishankar et al., 1983; Datta
and Datta, 1984; Toruan-Mathius, 1992), grafting
(Versace, 1982; Brewbaker, 1988; Singh, 1989) and air-

layering with hydro-foam (Osman, 1995) successful
vegetative propagation in Leucaena has been limited to
experimental rather than routine scale operations. There
are indications that rooting ability is species-specific
(Sorensson, 1995) although most research to date has
been carried out on L. leucocephala.

Sorensson and Brewbaker (1987b) and Sorensson (1997)
suggested use of unreduced gametes (eggs or pollen with
twice the number of chromosomes i.e. which failed to
undergo reduction division during mitosis) to overcome
the difficulties of propagation and breeding of triploid
hybrids. Tetraploid versions of ‘triploid* hybrids would
be expected to be cytologically stable and largely self
fertile and could thus be directly exploited, propagated
and delivered. The main problems are clearly the
operational difficulty of managing unreduced gametes
and the likelihood that such hybrids could be weedy.

Whether it is via vegetative propagation, unreduced
gametes, or other methods, it is likely that diploid species
will be more widely used as parents in artificial
hybridization in the future. There are three times as many
diploids as tetraploids with which to modify L.
leucocephala which remains the primary species of
interest for breeding.

Bray (1984) proposed a system for large scale production
of hybrid seed using natural cross pollination. This
system works by exploiting self incompatibility whereby
single clones of the self incompatible species, acting as
the female parent, are established by grafting and
interplanted at an appropriate ratio and density with trees
of the self compatible species, acting as the male parent.
For example Bray and Fulloon (1987) describe one such
seed orchard with five alternating rows of L.
leucocephala and L. pulverulenta 2.5 m apart. This
system has subsequently been advocated and attempted
by others (e.g. Elevitch, 1996). The expectation is that
open pollinated seed collected from the self incompatible
cloned trees will be hybrid seed. For example seed
produced from a single L. trichandra tree planted
amongst L. leucocephala in Queensland, Australia,
"apparently produced nearly 100% hybrid seed"”
(Gutteridge and Sorensson, 1992: 4). However, in other
cases the purity of seed produced from the few pilot
hybrid seed orchards established using this technique has
been disappointing resulting in variable, and sometimes
very low proportions of hybrid seed (e.g. 7-29% reported
by Bray and Fulloon, 1987). It appears that a significant
proportion of non-hybrid seed arises as selfs in some
predominantly self incompatible species (Sorensson,
1989a; 1990). Separation of hybrid seed or seedlings at
the nursery stage has been proposed as a solution to this
difficulty (Sorensson and Sun, 1990). Bray and Fulloon
(1987) ruled out seed size alone as a way of
distinguishing hybrid from non-hybrid seed, but
Sorensson (1990; 1993) and Sorensson and Shelton
(1992) showed that simple counts of leaflets per pinna
can be used in conjunction with other traits such as
leaflet shape to reliably and easily identify and separate



116 Leucaena Genetic Resources Handbook

unwanted non-hybrid seedlings in nurseries prior to
outplanting.

9.5 Farmer-based domestication

Most recent authors have emphasized that much can be
learned and gained from greater participation by farmers
in domestication efforts (Sinclair et al., 1994; Sinclair,
1996; Simons, 1996a; Boshier and Beer, 1997). The
history of Leucaena domestication is variable in this
respect. On the one hand, indigenous domestication has
been done by farmers while on the other, domestication
as an exotic has been carried out largely without their
input. Much has been achieved in recent years to enhance
farmer participation in setting species priorities and
defining breeding objectives with  progressive
development of participatory assessment methods
(Simons, 1996a). The question remains are farmers likely
to play any more active or central role in domestication?
The short answer is undoubtedly yes, in that some degree
of farmer-based domestication, which may mirror the
indigenous domestication in Mexico is inevitable, but
again the extent and outcomes of farmer domestication
are likely to be extremely variable.

Detailed local knowledge systems and perceptions of
diversity by farmers provide the basis for farmer-based
domestication (Section 4.4) and for adoption, or not, of
new improved material by farmers. For Leucaena, local
knowledge systems are variably developed. In Mexico
the indigenous domestication has been based on a series
of finely differentiated cognitive systems which clearly
recognize and name species and within-species variants.
This acute perception of diversity provides the basis for
selection and means that novel variants, such as new
spontaneous hybrids, are noticed and, if desired,
propagated and adopted. Elsewhere, local knowledge of
Leucaena diversity, and associated naming systems are
extremely variable. In many areas Leucaena is simply
equated by local people (including field staff, technicians
and administrators of rural development projects) with
the one well known species, L. leucocephala, even
though other species may be present in the area. In
Kenya, L. leucocephala and L. diversifolia were
considered one and the same until the arrival of the
psyllid provided a more obvious (to local farmers) way
of distinguishing them (Simons, 1996a). In Indonesia,
more sophisticated local naming systems have developed
for Leucaena; farmers recognize and name several
species and noticed and domesticated one spontaneous
hybrid (Section 5.5; Dijkman, 1950). Development of
local knowledge is likely to depend on the history of
introductions, the time elapsed since species were
introduced, the degree to which species naturalize, the
socio-economic importance and cultural significance in
local farming systems and how much diversity (species/
hybrids/ within-species) has been introduced. Farmers
who grow Leucaena, but who may be only familiar with
L. leucocephala, are often astonished by and very
interested in the diversity available in Leucaena when

they visit species trials.

Local naming systems and farmer perceptions of
diversity are usually based on readily perceived traits
related to end use. The derivations of Mexican names
from pod traits related to food use are one example (Fig
23; Section 4.4). Some traits, such as yield, which are
noticed and measured by researchers may not be of
primary interest to or be perceived by farmers and are
unlikely to be the focus of farmer domestication.
Furthermore, farmer thresholds may be very different
from biological thresholds in domestication (Simons,
1996b). Other traits such as fodder quality may be the
focus of farmer experimentation (de Boef et al., 1993).
However, whatever traits are of interest, it is likely that
farmers will perceive diversity most readily among
species and hybrids, rather than within species. As for
the indigenous domestication, species level diversity and
spontaneous hybrids probably provide the most fertile
territory for the wider development of farmer-based
domestication. However, compared to indigenous
domestication, farmer based domestication elsewhere will
be limited by poorly developed local knowledge systems
and the lower priority often placed on non-food crops.

9.6 Farmers’ rights, breeders’ rights and
access to genetic resources

No country is self sufficient in genetic resources; all are
dependent on continued international exchange. This is
very much the case for the genetic development of
Leucaena, as new material is sought by Leucaena
growers and breeders to meet new and unforseen
challenges such as psyllid resistance. The three major
Leucaena seed collections (Section 6.3) were assembled
prior to the Convention on Biological Diversity (see
below). Seed from these collections has up to now been
readily available to all without the necessity to share
benefits with the countries of origin, without the
recipients having to concern themselves with the
political, financial and administrative inconvenience of
seeking access to genetic resources in situ, and with no
constraints about what the material is used for. However,
even the substantial ex situ seed collections of Leucaena
will not remove the need for access to in situ genetic
resources. For example, as promising new species and
provenances are identified from trials it may be desirable
to return to natural populations of these species and
provenances to make new and more intensive collections
that sample additional genetic diversity. The University
of Hawaii seed collection expedition to Mexico in 1997
focusing particularly on L. pallida is one example. New
collections of L. trichandra from south east Guatemala
might be another (Section 6.5). Conservation of, and
continued access to, material from wild (or incipiently
domesticated) populations provides security for future
breeding and utilization of Leucaena.

The history of transfer of genetic resources, and
particularly forest genetic resources, around the globe
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has, until recently, been characterised by largely
unrestricted access to material based on the principles of
‘common heritage’ and mutual benefits from
international exchange. In recent years, a number of
developments have meant that this situation is changing,
with a trend towards withdrawal of both wild and
improved genetic material from public ownership and
greater control over access, supported by new legislation
in a growing number of countries. This trend has been
bolstered by the Convention on Biological Diversity,
CBD, (United Nations Environment Program, 1994;
subsequent Conferences of the Parties). The CBD
emphasizes the sovereign rights of States to exploit their
own genetic resources with access to them only through
prior informed consent based on terms mutually agreed
as a result of bilateral negotiations between provider and
prospective user. The CBD also emphasizes ‘fair and
equitable sharing of benefits’ resulting from the
utilization and commercialization of genetic resources.
Future success in maintaining unrestricted exchange of
Leucaena genetic resources is thus likely to depend on
the formation of partnerships between providers (farmers,
rural communities, conservation organisations, rural
development agencies and governments in the countries
of origin), intermediaries (such as OFI) and users
(growers, seed producers and breeders) of Leucaena
genetic material, which clearly recognize the principle of
fair and equitable sharing of benefits. Innovative
approaches to maximising benefits from such
partnerships are needed (ten Kate, 1995; Bell, 1997). The
anomalous position of ex situ seed collections assembled
prior to the CBD points to the need for retrospective
international agreements covering their ownership, access
and benefit sharing. Agreements will only come about
and contribute to sustainable development through the
initiative of prospective partners. The value of such
partnerships will depend heavily on the commitment,
knowledge and understanding of the implications of what
is being undertaken by the various parties involved (Bell,
1997). One objective of this Handbook is to raise
awareness of the role that farmers and local communities
have played in conservation (Chapter 8) and indigenous
domestication (Chapter 4) of Leucaena genetic resources
amongst growers and breeders, as well as the scale and
importance of their use (Chapter 3) and hybridization
(Chapter 5) as exotics amongst those in Central America
and Mexico.

The market value of genetic resources may be difficult to
assess. However, it is clear that, compared to other
sectors, such as agricultural crop genetic resources or
pharmaceuticals, the genetic resources of Leucaena have
only modest commercial value. Many of the users and
beneficiaries are smallholder farmers of the tropics who
use Leucaena to meet basic subsistence needs.
Nevertheless, there are also commercial benefits
associated with use of Leucaena genetic resources in the
production of seed, the generation of improved genetic
material and in commercial agriculture. For example
Leucaena is planted on a large scale for the improvement
of cattle pasture: 20,000 ha between 1984 and 1994

' Peter Larsen, LEUCSEEDS, Banana, Queensland, Australia

(Gutteridge and Shelton, 1994) and at least 35,000 ha
total (Middleton et al., 1995) in central Queensland,
Australia. The volume and value of the global Leucaena
seed trade, although unquantified, is clearly of
commercial significance; there are many national and
international seed companies which market seed of
Leucaena. In Queensland more than 5,000kg of seed of
L. leucocephala was produced for commercial sale in
1986-87 (Gutteridge and Stur, 1994) and in 1997,
7,000kg of seed of cultivar ‘Tarramba' alone, were
produced and sold (Larsen' pers. comm.). Seed of the
cultivar “‘Tarramba® (see below) sells at Austr.$40/kg
(Bray, pers comm.) and of improved advanced generation
KX2 (L. leucocephala x L. pallida) and LxL, L.
leucocephala hybrids at U.S.$330/kg (Austin and
Osgood, 1996; Austin et al., 1997). Although several
varieties of Leucaena have been registered in the past
(e.g. ‘Cunningham' (Hutton and Beattie, 1976) and K8
(Brewbaker, 1975)), these have remained in the public
domain as public varieties. However, the first case of
commercialisation of a Leucaena variety has recently
been granted under the Australian Plant Breeders Rights
Scheme for the variety ‘Tarramba® (the K636 variety of
L. leucocephala collected in 1978 near Saltillo, Coahuila,
Mexico) (Uniquest, 1997). PBR certificates, formerly
referred to as Plant Variety Rights, protect exclusive
commercial rights to produce and sell seed of a
registered variety and are a form of intellectual property
right like a patent or copyright. The holder of a PBR
certificate can license seed producers, with seed sales
attracting a small royalty. PBR certificates conform with
the 1991 revision of the International Convention for the
Protection of New Varieties of Plants (the UPOV
Convention). Sole seed production rights for ‘ Tarramba*
have been granted under license to LEUCSEEDS (1997).

As for other genetic resources, there are growing tensions
over moves towards withdrawal of Leucaena genetic
resources from public ownership, through declarations of
property rights over both what were hitherto ‘wild" (or
incipiently ~ domesticated) genetic resources and
‘improved" varieties. Closer integration of indigenous
and exotic domestication will be needed to avoid tensions
inherent in the commercialisation of Leucaena genetic
resources which are derived from and conserved
elsewhere. These tensions are implicit in the third
objective of the CBD, the fair and equitable sharing of
benefits out of the utilization of genetic resources
between different stakeholder groups. Issues underlying
these tensions remain hotly contested and debated and the
extent to which the Leucaena community will agree to
discuss them, much less act upon the concerns and
principles they represent, remains unclear.

In the case of Leucaena high priority needs to be given
to sharing of benefits with farmers and communities in
Mexico and Central America. This is because, for
Leucaena, it is these farmers and local communities who
have been and continue to be important architects of
Leucaena diversity through indigenous domestication
(Chapter 4). It is quite likely that L. leucocephala itself
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was a direct product of that indigenous domestication
process (Section 4.6). These same farmers and
communities have also been and continue to be the
primary custodians of the genetic resource providing the
only viable conservation option for the majority OF
species (Chapter 8). Although crop breeding and tree
improvement might be expected to encompass the
conservation of the genetic resources on which they
depend, most breeding programmes fail to do this.
Formal domestication of Leucaena, although utilizing an
increasing range of species has continued to rely on circa
situm methods (Table 11). As discussed in Chapter 8,
local communities can decide the fate of the genetic
resources around them and can be key contributors to
their conservation and sustainable use. However, more
substantive recognition of their role and rights as
stewards of biodiversity is a prerequisite to maintaining
that diversity (Bell, 1997). Kanowski (1996) characterizes
such dependencies in tree breeding as ‘backward links"
and encourages tree breeders to ‘look backwards® from
the tree improvement cycle and acknowledge the value of
circa situm (and in situ) conservation more explicitly. For
Leucaena breeders and growers, as for other breeders,
‘looking backwards® may be as crucial as ‘looking
forwards® if continued improvements in yield and quality
of products are to be made.

Benefit sharing. While employment of farmers and local
residents during seed collection expeditions contributes
modest short term benefits to communities local to
Leucaena genetic resources, more substantial support to
sustain conservation and use is needed. Ome such
mechanism is involvement of local communities and
farmers in on-going supply of bulk seed for planting
programmes. For most species of Leucaena, wild
populations are still an important source of bulk seed
supplies available for larger scale planting. Seed
collection from trees on farms and sale to NGOs
concerned with tree planting or national tree seed banks
can provide an additional source of income for local
communities (Barrance, 1997). For example, local
community-based seed collections of Gliricidia sepium
and L. salvadorensis in southern Honduras have been
organised by a number of NGOs concerned with tree
planting (Barrance, 1997). For a few species with known
seed demand, establishment of community seed
production stands may further assist this process.
However, when seed is destined for onward sale or
export, fair pricing mechanisms may be elusive in the
face of profit seeking seed merchants.

More substantive recognition of the principles of the
CBD will demand ‘fair and equitable sharing of
benefits' arising from the exotic domestication of
Leucaena with the providers and custodians of Leucaena
genetic resources in Mexico and Central America. It is
extremely doubtful whether registration of PBRs for
Leucaena varieties will enhance access to Leucaena
genetic resources or contribute to the development of
mutually beneficial partnerships between providers and
users of genetic material. However, if such PBRs are

enacted it is of paramount importance that benefits
arising, however modest, are shared ‘fairly and
equitably' with donor countries, and farmers and local
communities in the countries of origin. Establishment of
property rights regimes which recognize the respective
roles of different participants in conserving and
developing Leucaena genetic resources may require
monetary as well as rhetorical contributions by breeders,
even though the means of delivery are still poorly
developed and there is currently only limited experience
on how to decide what constitutes ‘fair and equitable
sharing of benefits'. Directing a percentage of income
derived from international seed sales or royalties (albeit
modest) derived from licensing of PBRs could contribute
to ‘fair and equitable sharing of benefits*. Such income
could be channelled through NGOs working to support
rural development in communities with important
Leucaena genetic resources in their care. Circa situm
conservation is already operating successfully for many
species of Leucaena to the benefit of both local
communities in Mexico and Central America and
Leucaena breeders and growers elsewhere (Chapter 8).
However, in some areas, outside support is needed to
promote, secure and expand circa situm use of species of
Leucaena. Provision of detailed extension material on
species identification, propagation, silviculture and
management may be all that is needed to catalyze circa
situm action (e.g. documentation of L. salvadorensis in
Honduras by Hellin and Hughes (1993) and
CONSEFORH (1998)). Similar support is needed for
other species, for example, to support tree planting
activities in villages such as El Rincon, Yerbabuena and
Quetzaltepeque in the south eastern Guatemalan
Department of Chiquimula which include the critically
endangered L. magnifica (Section 8.2). For Leucaena
scope to provide such support based on benefit sharing is
limited by the generally low commercial value of
Leucaena genetic resources and by the lack of well-
developed understanding, communication and exchange
between providers and users. However, even projects of
modest national economic significance can create
important opportunities for farmers, local communities
and NGOs to enhance conservation. There is a strong
case for international donor support for benefit sharing
initiatives.

The OFI Leucaena seed collections were collected with
the prior informed consent of the governments of 11
countries under a variety of research agreements and
plant collecting permits. The OFI has also recognized the
need to formalize agreements with seed recipients in the
form of a Material Transfer Agreement, MTA (Appendix
4). This is designed to promote scientific exchange while
at the same time recognizing the responsibilities of seed
recipients towards the countries that provided the seed.
The MTA also aims to encourage the development of
beneficial partnerships between recipients and donor
countries and communities. The OFI has been an
important conduit for supply of Leucaena genetic
resources, it maintains full details of seed providers and
recipients on its database, and may also be able to assist
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as an intermediary to establish benefit sharing.

9.7 Conclusions

Formal domestication of Leucaena as an exotic has
promised more than it has so far delivered. It has
resulted, to date, in effective deployment of only a
handful of high yielding, self fertile varieties and hybrids
(e.g. L. leucocephala - K8, K636 (‘Tarramba'),
‘Cunningham", LxL; L. diversifolia - K156, and L.
leucocephala x L. diversifolia KX3 hybrid) (Table 12).
For whatever end user or production system this has
proved to be an unacceptably narrow and risky genetic
base, although the disastrous consequences of this
approach have no doubt had greatest relative economic
impact on subsistence, as opposed to large scale
commercial farmers. Such approaches have proved overly
simplistic to match the diversity and complexity of
circumstances, objectives and opportunities and have
provided only risky and short lived solutions. Given that
the risks of reliance on single self pollinated varieties
have been so amply and starkly demonstrated in the last
decade for L. leucocephala, it is surprising that some
researchers continue to work with, promote and distribute
seed of single line self pollinated varieties. The
registration, promotion and seed production of another
self pollinated variety (K636), as variety ‘Tarramba’
(Uniquest, 1997; LEUCSEEDS, 1997), albeit with its
superior psyllid tolerance and proven vigour over K8 and
other varieties, although at some level adding to the
genetic diversity in widespread use, perpetuates this
flawed and genetically risky approach.

Only a small fraction of the diversity available within
Leucaena has been tapped by formal domestication
efforts and made available to growers. There is good
immediate scope to develop and release more diverse
material in the form of additional species and multi-line
composites of self fertile species or hybrids. Deployment
of greater diversity will reduce risks of failure due to
pests and diseases and provide opportunities for
subsequent farmer-based domestication, but could
increase the risks of weediness. Further research is
needed to pertect technologies to design and produce new
Leucaena hybrids. Nevertheless, the potential to do so is
within our grasp given modest investment in research.
High interspecific crossability, diversity of useful
characteristics amongst species and relative ease of
artificial hybridization, mean that new hybrids can be
designed and created virtually at will to meet specified
criteria. However, deployment of hybrids, unless they are
self fertile will depend on increasingly sophisticated
technology in the form of hybrid seed orchards or

vegetative propagation and may therefore be
inappropriate for smallholder uptake. Self fertile varieties
and hybrids are easy to deliver to growers but are also
likely to be weedy (Section 3.9). Conversely, out
crossing species or sterile hybrids are hard to deliver but
are environmentally benign. There will always be trade-
offs in domestication.

There will also be trade-offs in seed multiplication and
delivery of improved material between those seeking to
control and promote the delivery (or sale) of improved
material, those trying to conserve land races and those
advocating a more whole heartedly participatory approach
with farmers pursuing their own domestication agendas.
It seems likely that however well we understand farmer
decision making and map out germplasm delivery
pathways, the future of Leucaena domestication will by
definition be participatory. It will no doubt harbour
surprises such as novel spontaneous hybrids, some of
which will be adopted and adapted and some of which
will not thrive. The likely proliferation of spontaneous
hybrids in coming years (Sections 5.5 and 5.6) could, as
it has been for indigenous domestication, be the main
mechanism for farmer-based domestication elsewhere.

The indigenous (informal) and exotic (formal)
domestication of Leucaena have followed very different
paths (Table 11). Furthermore, awareness of these
parallel activities has remained low, with limited
communication between different actors. Nevertheless,
there may be features of both which can contribute and
be incorporated into the other; much may be learned in
both directions. There are also parallels which may
indicate the likely course and outcomes of future
domestication efforts. Furthermore, there are important
interdependencies between indigenous and exotic
domestication, particularly for genetic conservation,
which demand recognition, but which have yet to be
widely recognized or acknowledged for Leucaena. There
have been calls for closer integration of indigenous and
formal crop domestication (e.g. Tripp and van der Heide,
1996) and tree improvement and in situ or circa situm
conservation (Kanowski, 1996); such links are overdue
for Leucaena.

Leucaena breeders need to ‘look backwards® to conserve
genetic resources and support those already doing so, and
‘look forward" to secure opportunities for continued
improvement and predict future demands and risks. In
short, they perhaps need to stop from time to time and
‘look around" as far towards the horizons as they can in
all directions to better assess the wider implications,
likely outcomes, and limitations of their work.
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10 Identification

10.1 The
identification

importance of accurate

This chapter aims to assist foresters, agronomists,
breeders, other Leucaena growers, ecologists and
ethnobotanists to identify species of Leucaena. Accurate
identification underpins efficient use and conservation of
genetic resources both in the natural populations in Latin
America and where cultivated elsewhere. Conversely,
misidentification can cause confusion which may persist
for years. Seed collections (Chapter 6), circa situm
planting (Chapter 8), breeding and tree improvement
(Chapter 9) and wider ethnobotanical (Chapter 4) and
ecological research depend crucially on the ability of a
wide spectrum of people, not necessarily botanically
trained, to accurately identify trees. As a wider range of
species is brought into cultivation and domestication,
accurate identification becomes a more critical, difficult
and increasingly widespread problem. Confusion over
identification of Leucaena material has already arisen on
a number of occasions leading to misinterpretation of
trial results, misidentification of seedlots and use of
misidentified and poorly adapted material in planting
programmes.

Formal taxonomic publications, such as the revision of
Mexican species (Zarate, 1994) or the forthcoming
taxonomic monograph of the genus (Hughes, in press)
are of limited use to anyone interested in identifying trees
in the field. Firstly, such publications are not widely
distributed and available to all. Secondly, they tend to
use a lot of technical jargon. Thirdly, they rely on details
of flowers and fruits which are generally present on
herbarium specimens - and even microscopic characters,
such as pollen morphology - but which are not always
observable in the field. Ideally it would be possible to
identity trees using just the readily observed features of
bark, shoots and leaves. However, in many cases, bark
and leaf characters are not constant, but show continuous
patterns of variation which overlap among species such
that it is extremely difficult to reliably identify all species
of Leucaena without recourse to some flower and fruit
characters at times. Fortunately unlike for many larger
forest trees, pods and flowers of Leucaena species are
often present and reasonably accessible as they are small
trees which flower and fruit from an early age often over
long periods of the year. The aim here is to rely on and
give first consideration to leaf characters where possible.
Fruit and flower characters are used only where
necessary and reliance on microscopic characters is
avoided.

In Leucaena, an ever growing abundance of spontaneous
and artificial hybrids (Chapter 5) greatly complicates, and
heightens the need for, accurate identification. For

example, Howcroft (1994) points out the difficulties of
identifying putative hybrids in Papua New Guinea.
Conversely, provision of good tools for identification is
important for the detection of new spontaneous hybrids.
Given the range of possible hybrid combinations in
Leucaena that produce viable seed (Section 5.2) it is
quite impossible to include all "hybrids in routine
identification tools. Two spontaneous hybrids which are
common in parts of Mexico are included in the key. In
addition, general guidelines for identification of putative
hybrids are presented in Section 10.6.

10.2 How to use this chapter

Many people who come to identify Leucaena trees will
not be trained botanists. For this reason botanical jargon
has been kept to a minimum. However, species
delimitation (Section 2.3), and hence recognition, is
based on comparative morphology and anatomy (of all
plant parts) and a basic understanding of the morphology
of the different parts of Leucaena plants is needed to be
able to identify them. Basic morphology is illustrated in
Figure 16 and essential botanical terms explained in the
glossary (Appendix 4). Identification characters are
described and illustrated as far as possible in Section
10.3 (Figs 17-23). It is well worth familiarizing oneself
with these characters and illustrations before
embarking on any identification using the keys.

Identifying closely related species (or hybrids) is not
always easy; there are no fullproof shortcuts that can
make this task totally ‘user-friendly*; some effort and
work on the part of the user cannot be avoided! Five
tools that can assist with identification are provided in
this Handbook:

» Detailed tables listing species by morphological
categories for leaf, bark, flower and fruit characters are
provided (Tables 13-17) along with drawings or
photographs (Figs 17-23) in Section 10.3. These provide
spot character checks to assist with identification and
explain the characters used in the keys.

» A character matrix (Table 18), or tabular key,
provides a quick method to narrow down the
identification to one of a small subset (maximum three)
species (Section 10.5).

» The central tool for identification is a dichotomous
diagnostic key (Section 10.5).

» Botanical drawings of all species, brief descriptions,
and discussion of diagnostic botanical features which
may assist identification, are provided in the species
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Figure 16 Morphology of Leucaena
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accounts (Chapter 11) which should be used in
conjunction with the keys; the two are complementary.
For example, once the key has been followed through
until an identification has been obtained it is well worth
cross checking the identification with the species
description and drawing provided in Chapter 11.

» Section 10.6 describing methods used to identify
hybrids.

If a specimen clearly falls outside the species included in
the key and species accounts, it may well belong in
another Mimosoid legume genus or alternatively it may
be a hybrid (see below). It is not infrequent that material
thought to be of a species of Leucaena, in fact belongs
in another genus. Many Mimosoid legume genera look
very similar to Leucaena in overall appearance and
generic identification can be a bewildering task for non-
botanists faced with an unknown Mimosoid legume
specimen. A comprehensive key for identification of
genera is beyond the scope of this Chapter. Such keys
are generally available in regional or national Floras.
However, in Section 10.4, features which characterize all
Leucaena species are listed and spot characters to
distinguish the closely related genera provided. It is
always worth keeping the question - ‘is it a Leucaena?"
- in the back of one’s mind when identifying species.

Where a specimen has been verified as a Leucaena, but
still does not match any of the species included in the
key and species accounts, it may be a hybrid. In such
cases, reference should be made to Sections 10.6 and 5.3.
However, as discussed in Section 5.3, identification and
characterisation of putative hybrids is not straightforward.
In some cases, certain identification using morphology
alone may not be possible and there may be no
alternative but to resort to advice from botanical experts
who themselves would need to undertake further
investigation to resolve hybrid identities. This will
usually involve collection of botanical specimens and
associated dried leaf material for detailed scientific
analysis particularly using molecular markers (Section
5.3).

10.3 Identification characters

The characters used in the keys are those which should
enable the field worker to identify a Leucaena. These are
described and discussed in detail in this section. Full
details of other morphological characters (e.g. pollen and
anther glands) are provided in Hughes (1997b; in press).

LEAVES. All species of Leucaena have bipinnate leaves
and the pinnae and leaflets are opposite (Fig 16).
Because the leaves are divided into pinnae and leaflets,
confusion about what comprises a leaf may arise. If there
is doubt about the difference between leaves and leaflets,
this should be resolved using Figure 16. The leaves of
Leucaena species are very variable and provide some of
the most conspicuous and useful characters for field
identification. Both quantitative variation - in leaflet
length and width, numbers of leaflets per pinna and
numbers of pairs of pinnae per leaf - and qualitative
variation in leaflet shape (including symmetry), and
shape of the petiole gland are useful for identification.

Identification of trees which have been recently lopped
(e.g. in forage hedgerows) is much more difficult as leaf
traits on young resprout shoots are often very different
from normal leaves on mature shoots and may be
extremely variable. It may be better to postpone
identification of such trees until more mature shoots are
available.

Quantitative leaf variation. Four basic quantitative leaf
traits can be measured or counted to describe a bipinnate
leaf: number of pairs of pinnae per leaf, number of pairs
of leaflets per pinna, leaflet length and leaflet width.
These measures are not independent. Species with large
leaflets have fewer pairs of pinnae and pairs of leaflets
per pinna than species with small leaflets. Within
Leucaena there is wide variation in these four leaf traits.
For example the number of pairs of pinnae per leaf
varies from 1-3 to more than 60, number of pairs of
leaflets per pinna from 2-6 to 85, and leaflet length from
3-5 mm to 80-120 mm across species (Figs 17-18). The
total number of leaflets per leaf ranges fr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>