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ADDENDA ET ERRATA

(Most of these are necessary by the unfortunate omission to send the final proof 1o Prof. R. Hegnauer,
author of the paragraph on phytochemistry)

. 15, line 12 from top: change ‘4-hydroxipecolic’ into ‘4-hydroxypipecolic’.
. 17, line 12 from bottom: change ‘A. tenuisissima’ into ‘A. tenuissima’.

. 17, line 21 from top: delete bracket after 16:0.

. 18, line 2 from top: change ‘acids’ into ‘acid’.

. 18, line 21 from bottom: change ‘wood’ into ‘woody’.

. 18, line 18 from bottom: change ‘gum’ into ‘gum exudates’.

18, line 2 from bottom: change ‘section Juliflorae’ into ‘series Juliflorae’.
. 19, line 14 from top: change ‘trihydroxylate’ into ‘trihydroxylated’.

. 19, line 17 from top: change ‘flavones’ into ’flavanones’.

. 19, line 20 from top: delete ‘not’.

p- 20, line 19 from top: change ‘Flavonoid tannins’ into ‘Flavanoid tannins’.
p- 20, line 16 from bottom: change ‘tanner’s red’ into ‘tanner’s reds’.

p. 20, line 21 from bottom: change ‘larger’ into ‘large’.

p- 20, line 9 from bottom: change ‘hexahydrodiphenic’ into ‘hexahydroxydiphenic’.
p- 20, last line: read ‘contains a B-glucoside’.

P- 21, before the paragraph on ‘Alkaloids’, add:

Nonprotein (= non-proteinogenic) amino acids: Most Leguminosae hitherto investi-
gated in this respect store moderate to large amounts of their nitrogen reserve in the seeds
as free amino acids or dipeptides. Many of these amino acids differ in structure and bio-
logical properties from the usual proteinogenic amino acids. Besides seeds, other parts of
plants may contain large amounts of nonprotein amino acids. Often non-proteinogenic
amino acids are toxic; one of the best known examples from Leguminosae is canavanine,
which seems to be restricted to Papilionoideae. The number of presently known non-
protein amino acids of plants is large (Rosenthal 1982, 1991; Bell 1981) and many of
them occur in (or even are restricted to) Leguminosae. The profiles of nonprotein amino
acids present in a taxon can be of considerable taxonomic importance at different hier-
archic levels from families to infrageneric groupings. Mimosine, albiziine (albizziine),
willardine and the djenkolic acid series of compounds are typically mimosaceous metabo-
lites. Krauss & Reinbothe (1970, 1973) screened seeds of many species representing all
five tribes of Mimosoideae for the patterns of free amino acids in the seeds; they observed
several taxonspecific profiles of unusual amino acids. An example is the dominance of
albiziine in 24 of 29 species of Albizia examined (1970). Krauss & Reinbothe (1973) dis-
cerned five main groups of nonprotein amino acids in Mimosoideae: 1) thioethers of cys-
teine, such as djenkolic acid, dichrostachinic acid and related metabolites; 2) derivatives of
o,B-diaminopropionic acid, such as albiziine; 3) derivatives of lysine, such as pipecolic



acid, the hydroxypipecolic acids and possibly mimosine (serine + a lysine-derived pyri-
dine moiety?); 4) derivatives of glutamic acid, such as y-methyleneglutamic acid; 5) gluco-
sylated derivatives of tyrosine. Amino acid patterns of the huge genus Acacia and their
taxonomic meaning were discussed by Seneviratne & Fowden (1968), Bell (1971), and
Evans et al. (1977). A single species, e.g. Acacia georginae, may store a whole array
of usual and unusual amino acids and of their 4-glutamyl dipeptides in its seeds (Ito &
Fowden 1972); this is a rather astonishing fact. Non-proteinogenic amino acids really
represent one of the outstanding biochemical characters of Leguminosae. For reviews
treating taxonomic and biological aspects of these strange multipurpose (nitrogen reserve;
defence) metabolites see also Janzen et al. (1977) and Bell (1981).

For the References, see pages 25-27.

p- 21, line 11 from bottom: change ‘amide’ into ‘amine’.

P. 25, line 3 in References: ‘K. Allen’ should be ‘E.K. Allen’.

P- 25, line. 6 in References: change ‘167-169’ into ‘167-176’.

P. 25, line 5 from bottom: change ‘Phytochemistry’ into ‘Progress in Phytochemistry’.
p- 26, line 3 from top: change ‘Seed’ into ‘Seeds’.

P- 26, lines 19-20 from top should read:

Notiser 132 (1979) 1-30. — Grubert, M., Mucilage or gum in seeds or fruits of angiosperms, Minerva
Publ. Miinchen (1981) Legum. 91-134. — Gustone, F.D., et al., Afzelia cuanzensis Welw. seed oil:
A source of crepenynic acid and 14,15-dehydrocrepenynic acid, J. Chem. Soc. Chem. Commun. (1967)
295-296; New tropical seed oils. 4. Component acids of leguminous and other seed oils including
useful sources of crepenynic and dehydrocrepenynic acid, J. Sci. Food Agric. 23 (1972) 53-60: Evrard
et al. (1971) reported 44.5% C20 acids for Afzelia bella; obviously they were misled by the unexpected
presence of large amounts of acetylenic C; g fatty acids. —

p- 27, lines 19-20 from top should read:

cyanidins, in Harbome et al. (1988) 21-62. — Poulton, J.E., et al. (eds.), Plant nitrogen metabolism,
Recent Adv. Phytochem. 23 (1989): Chapter 1, Overview of nitrogen metabolism in higher plants (D.G.
Blevins); Chapter 2, Plant genes involved in carbon and nitrogen metabolism in root nodules (D.P.S.
Verma); Chapter 3, Synthesis, transport, and utilization of products of symbiotic nitrogen fixation (J.S.
Pate). — Rao, A.S., Bot. Review 56 (1990) 1-84. — Reicher, F., et al., Appl. Biochem. Biotechnol.

p. 27, lines 22—-25 from top should read:

York (1982). — Rosenthal, G.A. & E.A. Bell, Naturally occurring, toxic nonprotein amino acids,
in G. A. Rosenthal & D. H. Janzen, Herbivores. Their interaction with secondary plant metabolites
(1979) 353-385, Acad. Press, New York; see also G.A. Rosenthal, Nonprotein amino acids as pro-
tective allelochemicals, in G.A. Rosenthal & M.R. Berenbaum (eds.), The Chemical participants,
ed. 2, 1 (1991) 1-34, Acad. Press, San Diego. — Roux, D.G., Phytochemistry 11 (1972) 1219-

p. 167, lines 13 & 14 from bottom, lead 11b, should read:
b. Apex of leaflets rounded, truncate, often emarginate ..................ce.n..... 13
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MIMOSACEAE (LEGUMINOSAE - MIMOSOIDEAE) !
(I.C. Nielsen2, Aarhus, Denmark; H.C. Fortune Hopkins3, Chatham-Maritime, U.K.)

Trees, shrubs or lianas, very rarely herbs (Neptunia and Mimosa p.p.); branches unarmed
or armed with stipular thorns (rarely axillary thorns) or scattered prickles on the internodes.
Stipules rarely absent, usually caducous. Leaves alternate, usually bipinnate (unipinnate in
Inga, transformed into phyllodes in Acacia subg. Phyllodineae), usually provided with
extrafloral nectaries on rachis and pinnae. Inflorescences bracteate, simple or compound,
racemose; inflorescence units usually consisting of pedunculate glomerules, spikes or
spike-like racemes, which are aggregated into axillary or terminal panicles. Pedicels usu-
ally short or absent. Flowers actinomorphic, bisexual, unisexual, or rarely neuter, usually
small and white, greenish or yellow. Disk, when present, intrastaminal. Stamens few to
numerous, free or united into a tube, the latter sometimes united with the corolla-tube at
the base. Anthers dorsifixed, + quadrangular in outline, sometimes with a small, cadu-
cous gland at the apex. Ovary(-ies) solitary (to several and free), superior, 1-celled; style
filiform; stigma small, tubular(-infundibular), terminal. Ovules anatropous, parietal. Fruit
a pod, dehiscent or indehiscent, sometimes breaking into 1-seeded segments. Seeds usu-
ally in two rows from the single placenta, inserted transversely, obliquely or longitudi-
nally, mostly ovate-orbicular in outline, often compressed; funicle rarely developed into
an aril (Acacia p.p., Pithecellobium); the testa osseous, coriaceous or chartaceous usually
with a * peripheral furrow, the pleurogram.

Distribution — About 60 genera and some 3000 species, mainly in the tropics and the
subtropics, but some genera (e. g. Acacia and Albizia) extending into the warm-temperate
zone; in Malesia: 19 genera, of which 15 native, with 1 endemic, viz. Wallaceodendron in
N Celebes and the Philippines. Among the remaining 14 native genera, 5 are pantropical
(Acacia, Albizia, Entada, Neptunia, Parkia), 3 are shared with continental S Asia and
tropical N Australia (Adenanthera, Archidendron, Cathormion), 2 with Melanesia and the
west Pacific (Schleinitzia, Serianthes), 2 with Australia (Pararchidendron, Paraserian-
thes), 1 with New Caledonia, the Solomon Islands and Australia (Archidendropsis), and
1 with India and tropical Africa/Madagascar (Dichrostachys). The total number of native
and naturalized species is c¢. 150. Furthermore, an enumeration of c. 45 cultivated species
is given at the end of this revision (p. 205). In both Keys to the genera 7 commonly culti-
vated genera are included.

In the family Mimosaceae tropical Asia and Australia have close affinities, a number of
species being common to E Malesia and tropical (to subtropical) Australia. The links be-

1) Dedicated to the memory of Dr. Rob Geesink (1944-1992).

2) The Danish Natural Science Research Council made this study possible by grants for both travel in
Borneo and Java and salary for the first author, a support that hereby gratefully is acknowledged.
Initially, Professor C.G.G.J. van Steenis was very helpful in raising these funds.

3) Revision of the genus Parkia.

m



2 Flora Malesiana ser. I, Vol. 11 (1) (1992)

tween Asia and Africa are weak, although a few species (Acacia nilotica, Dichrostachys
cinerea, Entada rheedii) and a part of the very diversified genus Calliandra are common to
both continents. Other links between Asia and Africa are Xylia from India / Burma to
Thailand/Indochina and the rest of the species in Africa / Madagascar and the genera of
the Adenanthera group, Adenanthera being endemic to Asia — Australia and Tefrapleura
and Amblygonocarpus to tropical Africa. The only generic tie between Asia and tropical
America is the not yet fully understood Havardia: 3 species in mainland Asia, the remain-
ing c. 20 in Central and N tropical South America (Nielsen 1981). More distantly related
‘sister groups’ are Archidendron, which is related to the tropical American genus Cojoba
(Nielsen et al. 1984), and Schleinitzia with the American genus Leucaena (Lewis & Elias
1982). Africa and America share only 2 non-pantropical genera, 12 genera being endemic
to Africa/Madagascar and 27 to America. Indopiptadenia is the only genus endemic to
mainland Asia.

A few species-rich genera as Acacia (more than 1300 species), Calliandra (c. 200), Inga
(c. 350), and Mimosa (c. 400) account for the major part of the diversity, a fact that can-
not be explained by differences in generic concepts alone; it is a testimony that adaptive
radiations have taken place in Australia (Acacia) and in South America (Calliandra, Inga,
Mimosa). The number of monotypic genera is low; in Malesia: Wallaceodendron; in Ma-
lesia/Australia: Pararchidendron; in India: Indopiptadenia; in Africa/Madagascar 5, and
in America 6 genera.

The family, with five pantropical genera, thus displays a complicated distribution pat-
tern of widely distributed genera and narrowly distributed relictual ones. The first genera
evolved are probably those of the tribe Mimoseae, the centre of origin being Africa/Amer-
ica, and the tribe Parkieae. Then Acacia developed in the everwet tropics from ancestors
like subg. Aculeiferum, being followed by the evolution of Acacia subg. Acacia and subg.
Phyllodineae in the arid areas of the tropics and subtropics. Tribe Ingeae has two centres
of evolution, both in the everwet tropics, one in tropical Central/South America and one
in tropical Asia/W Pacific.

References: Lewis, G.P. & T.S. Elias, in R.M. Polhill & P.H. Raven (eds.), Advances in Legume
Systematics 1, Roy. Bot. Gard. Kew (1981) 167. — Nielsen, 1., in Polhill & Raven (eds.), 1.c. (1981)
184. — Nielsen, I., T. Baretta-Kuipers & Ph. Guinet, Opera Bot. 76 (1984) 5-120.

Habitat & Ecology — Members of the subfamily occur in a fairly high diversity of
habitats, though upper montane and alpine species are absent except for Paraserianthes
lophantha subsp. montana var. montana, which is recorded from sites up to 3265 m on
the Javanese volcanoes. Quite a few genera have species that are adapted to arid condi-
tions; here they are prominent members of the savanna and woodland associations (e.g.
Acacia p.p. in Asia, Africa and Australia, Dichrostachys and Prosopis in America and
Africa, and in subtropical W Asia Albizia p.p., the extreme case being Elephanthorrhiza
of southern Africa, where some of the species develop annual aerial shoots from a woody
subterraneous stem). The only truly aquatic member of the subfamily is Neptunia olera-
cea. Most of the species of the Mimosaceae are sun-loving and found in open habitats
such as deciduous forests, woodlands, and savannas. Almost all species of tribe Ingeae
are found in lowland evergreen forests. They are often found in clearings and in gallery
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forest along rivers (many species of Inga and Zygia in the Amazonian rain forests), al-
though some species, e.g. Archidendron fagifolium and A. jiringa, are understorey trees.
Some species occur in as tall emergent rain forest trees (e.g. Adenanthera p.p., Parkia
p.p., the South American Cedrelinga and Inga p.p., and in Malesia Albizia rosulata, A.
pedicellata and A. splendens).

Habit. The majority of the Malesian genera are shrubs or small to large trees. Herbs
are represented by the genera Neptunia and Mimosa p.p. Climbers are found in Acacia
subg. Aculeiferum, in 3 species of the genus Albizia, A. corniculata, A. myriophylla, and
A. rufa, and in Entada. Oldeman (1989) gave an account on the biological implications
of leguminous tree architecture. Acacia auriculiformis as studied in Indonesia by Edelin
(1984) has as a young tree a monopodial, orthotropic trunk. When having reached a cer-
tain developmental stage (which may vary considerably according to age and size of the
trees), the original model is reiterated at the place of certain branches, the apical meristems
of which begin to function accordingly. When the tree grows still higher, the extremity of
the original trunk bends over, height growth is taken over by one of the branched models
somewhere on the curved trunk, and this process continues (Oldeman l.c.). It is concluded
that the complex and flexible architecture of leguminous trees allows them to survive in
complex and unstable environments. An example of a species that remains unbranched
throughout its lifetime is Archidendron glabrum (Hallé et al. 1978, sub Pithecellobium
hansemannii).

Dominance. Almost all species occur scattered in their habitats. An exception is Nep-
tunia oleracea, which may form large floating islands in rivers and ponds. The naturalized
species of Mimosa are very common weeds along roads, on waste places, etc., and the
ligneous Leucaena leucocephala may show weedy tendencies as well. Paraserianthes
lophantha subsp. montana var. montana forms monospecific stands in the montane forest
on the Javanese volcanoes, the germination of the seeds being stimulated by fires or acids
from the solfataras (Van Steenis 1972). Tall tree specimens of Parkia speciosa and P.
timoriana can be seen in the fields in the Malay Peninsula as old forest remnants. Some of
the water-dispersed species (Schleinitzia insularum, Serianthes grandiflora) are often found
in coastal associations (not in mangrove). In the Malay Peninsula Adenanthera pavonina is
found in similar habitats. Some species (e.g. those of Archidendron ser. Stipulatae) are
probably genuinely rare.

Nodulation and mycorrhizas. Root nodules with nitrogen fixating Rhizobium bacteria
are frequent in the Mimosaceae (Corby 1981), where the astragaloid type of nodule is
common. Also Sprent et al. (1989) found that the Mimosaceae on nodule characters are
rather uniform, although Parkia was found to be aberrant. In the same volume Alexander
(1989) gave a review on the occurrence of ectomycorrhizas. These are associated with
woody species and have been reported from Acacia, Inga and Mimosa. Many other genera
were reported to have vesicular-arbuscular (V-A) mycorrhizas. The data have been
obtained from studies on American, African and Australian species.

Flower biology. The flowers of the Mimosaceae are usually placed in dense, many-
flowered inflorescences such as heads, glomerules, spikes, or racemes, which are aggre-
gated into axillary or terminal synflorescences. Some of the rain forest species are cauli-
florous (American Zygia and Inga p.p. and Malesian Archidendron). The inflorescences
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are racemose. The for pollinators visually attractive part of the flower is formed by the
stamens, which are either white, yellow, pink, or reddish. In some genera there is a divi-
sion of functions within parts of the inflorescence. This division is most extreme in Parkia
(p. 194), where the pear-shaped heads have sterile flowers with staminodes in the proximal
part, male flowers in the central part and bisexual flowers in the central and distal parts. In
Dichrostachys and Neptunia the long yellow or red staminodes of the proximal, neuter
flowers constitute the attractive part of the inflorescence contrasting with the yellow stamens,
In Neptunia oleracea the inflorescence is erect first, but when the lower sterile flowers are
developing the yellow staminodes the inflorescence bends over at a point of articulation on
the peduncle. The attractive staminodes are expanded above the fertile flowers and a gra-
dation occurs through male flowers to fully bisexual ones at the apex (Schrire 1989). The
same process can be observed in Dichrostachys cinerea. The differences in flower func-
tion may be subtle. In Acacia nilotica more than 2/3 of the flowers within a glomerule are
male (Tybirk 1989). In the major part of the genus Albizia the central flower of the glome-
rule is larger, with strongly exerted staminal tube, and it has a large ring-shaped nectary
around the base of the gynoecium, apparently constituting the for pollinators attractive
element of the glomerule. The stigmas are generally cup-shaped, funnel-shaped or tubular
and the 4—64-celled polyads of pollen fit into the the stigma. In Australian Acacia the
flowers are generally protogynous. The cup- or funnel-shaped stigmas are of the wet non-
papillate type. A single compound pollen grain usually fits into the stigma cavity. A post-
pollination exudate is produced on the stigma within 30 minutes after pollination. The
polyads float on this fluid, and, by surface tension, a single polyad generally fits into the
cup (Kenrick & Knox 1989). Only a small portion of the flowers develops into fruits.
Tybirk (l.c.), in a recent study of Acacia nilotica in Kenya, found that the pod set per
bisexual flower is 0.3%. Only a certain portion of ovules within a single flower develops
into seeds. Bawa & Buckly (1989) gave an account on the seed : ovule ratios, selective
seed abortion and mating systems in 5 species of American Mimosaceae. The seed:ovule
ratios ranged from 0.66-1.0, being highest in Mimosa pigra and M. pusilla, the first be-
ing a self-compatible shrub occurring in gregarious stands, the latter being a small herb
forming dense colonies in old fields. In the outcrossing species Enterolobium cyclocar-
pum and Samanea saman the number of pollen grains per polyad exceeded the number of
ovules per ovary. Multiple polyad pollinations were also observed, whereas the number
of pollen grains per polyad exactly corresponds with the number of ovules per ovary only
in the presumably highly inbred Mimosa pusilla. In Mimosa pigra, where polyads are also
4-grained, but the number of ovules per ovary is 24, multiple pollination is supposed to
obtain the high seed : ovule ratio of 0.92 * 0.03. Mimosoid seed : ovule ratios are gener-
ally higher than those of the other two subfamilies of the Leguminosae, probably due to
the pollen dispersal unit, the polyad. The polyads increase the genetic relatedness of the
pollen grains arriving at the stigma so that selective screening of paternal genotypes is
more likely among than within fruits. The fruit: flower ratios of the Mimosaceae exam-
ined are much lower than those of the other two subfamilies. For reviews of seed abortion
within fruits see Bawa & Buckly (l.c.) and on the floral ecology of Australian Acacia see
Bernhardt (1989). As pointed out by Kenrick & Knox (l.c.: 151), the knowledge of pol-
len—pistil interactions is restricted to one large genus, Acacia. In this genus the flower
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glomerules are protogynous. This dichogamy stimulates outbreeding and is associated
with various devices to attract pollinators, including scent production from osmophores in
the anther walls at the male phase, floral nectaries and anther glands. A remarkable feature
of Acacia is the apparent correlation between the number of grains in the polyad and the
ovule number per ovary. This mechanism profoundly affects fecundity because of the rigid
control of polyad output per anther. Many species of the Mimosaceae are self-incompatible
and in Acacia genetic experiments suggest that this is controlled by a gametophytic S-gene
systemn. Self-incompatibility has been recorded from a few species of the genera Callian-
dra, Enterolobium, Inga, Leucaena, Pentaclethra, Pithecellobium, Prosopis and Samanea
(Kenrick & Knox 1.c.). Personal observations on Adenanthera pavonina grown in green-
houses show that this species is self-compatible and that pollination can be effected by
shaking the tree. Unisexual flowers are found in Archidendron (Nielsen et al. 1984), where
dioecy is frequent in New Guinea species.

Pollinators. Probably most species are bee- and/or butterfly-pollinated, e.g. almost all
species of Acacia, Albizia, Calliandra, and Mimosa. The genus Parkia is bat-pollinated
(p. 195). Ornithophily has been recorded from some New World Mimosaceae (Abarema,
Albizia, Calliandra, Inga, Samanea) and from Acacia nilotica in India (Arroyo 1981) and
Africa,

Ant-plant interactions. The extrafloral nectaries of leaf rachises, petioles and pinnae
can be observed fully developed on leaf primordia of all Malesian Mimosaceae except
Adenanthera, Entada and Mimosa. They seem to function in young and developing leaves
only and are visited by ants. McKey (1989) gave an account on interactions between ants
and leguminous plants, Extrafloral nectaries have been recorded from all tribes except
tribe Mimozygantheae (in Argentina). In tribe Parkieae they are found in both genera, in
Mimoseae they are absent from 12 out of 37 genera, in Acacieae they are absent from a
few species of Acacia subg. Phyllodineae and from sect. Filicineae, and in Ingeae they are
present in all genera. Ants feed on the nectaries and in at least some cases protect the plant
against herbivores. In Sabah the author (ICN) observed agressive red tailor-ants on Archi-
dendron ellipticum. Ants also inhabit the hollow leaf rachis and stems of several Archiden-
dron species in New Guinea.

Dispersal. The dispersal unit of the Mimosaceae is either the whole pod, as in species
with indehiscent pods of Acacia, Albizia, Enterolobium, Samanea, Serianthes and Schlei-
nitzia, or 1-seeded segments of the pod as in Cathormion, Entada, Mimosa, Wallaceoden-
dron, or the seed in the genera Adenanthera, Dichrostachys, Leucaena, Neptunia, Parkia,
dehiscent species of Acacia, Albizia, Archidendron, Archidendropsis, Pararchidendron,
and Paraserianthes. The dispersal agents are water and wind. The 1-seeded segments of
Entada phaseoloides and E. rheedii can be widely dispersed by rivers and sea-currents as
are the indehiscent pods of Serianthes grandiflora, a species mainly found on off-shore
islands and occurring throughout Malesia but not yet known from tropical Australia, un-
like Cathormion umbellatum, which is found in moist habitats and in associations behind
the mangrove from mainland Asia through Malesia to N Australia. The Pacific genus
Schleinitzia p.p. and Albizia retusa have thinner pods and are also sea-dispersed. Wind-
dispersal has been recorded for some species of Acacia that have samaras. Albizia pedi-
cellata also has samaras, and is probably wind-dispersed. Most species of Archidendrop-
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sis have flattened seeds with a narrow wing. They have not yet been observed as wind-
dispersed, but probably are (Nielsen et al. 1983; Gunn 1984). In Wallaceodendron the
one-seeded endocarp segments are adapted to wind-dispersal (Augspurger 1989). The
species of Archidendropsis and Wallaceodendron do not have very wide distributions,
whereas Albizia pedicellata has a wider area of distribution (Malaya, Sumatra, Borneo,
Philippines). The size of landmasses and the distances to be bridged over open sea explain
these differences in distribution patterns and wind-dispersal does not seem to be long-
distance dispersal in Malesian Mimosaceae. Endozoochorous dispersal is frequent in
species with indehiscent pods as e.g. Acacia nilotica, where one tree can produce more
than 30,000 seeds in one fruiting season (Tybirk 1989) and the pods are eaten by cattle
and other ruminates, the germination being promoted by the passage through the diges-
tive system. Many seeds in this and other hard-seeded species are destructed by Bruchid
weevils, highly host-specific seed predators. Endozoochoric dispersal has also been ob-
served in Adenanthera pavonina, where fruit-eating birds feed on the red, hard, mimetic
seeds but are unable to break the seed coat and defecate them intact, while granivorous
birds refuse them (Van der Pijl 1982). Ornithochory probably also plays an important
role in the dispersal of Archidendron and Pararchidendron, with the bluish-black seeds
contrasting with the orange-red endocarp in most species (Nielsen et al. 1984). Ornitho-
chory also is important in species with arillate seeds such as in Acacia subg. Phyllodineae
p.p- and American Pithecellobium. Ant dispersal plays a role in Australian and probably
also in New Guinea species of Acacia with arillate seeds (Van Staden et al. 1989). Small
mammals probably disperse large-seeded species such as Archidendron jiringa and Entada
spiralis.

Biologically the genera of Mimosaceae can be divided into two groups: those with
seeds with a hard seed coat and those with short-lived, ‘recalcitrant’ seeds. The genera
with seeds with a hard seed coat have an outer layer which consists of a palissade layer of
Malpighian cells with a ‘light line’, but often also of one or two layers of ‘hour-glass’
cells (Corner 1951, 1976; Nielsen et al. 1983; Gunn 1984; Maumont 1990). These seeds
also have a pleurogram on the outer surface. The seeds of this group have a very long
dormancy, the hard seed coat protecting the embryo against desiccation, physical damage
and damage by predators. In at least some cases it acts as a regulator of the size of the
seedling populations as the seeds only germinate in case of scarification of the seed coat
after, for instance, the passage through the guts of cattle or the extreme heat caused by
forest fires (e.g. Acacia p.p. and Paraserianthes lophantha in Australia and Java; Cavanagh
1980; Van Steenis 1972). Seeds with hard seed coats are found in the tribes Acacieae,
Ingeae p.p., Mimoseae, Mimozygantheae, and Parkieae. In Malesia the following genera
of tribe Ingeae have a hard seed coat with pleurogram: Albizia, Cathormion, Pararchiden-
dron, Paraserianthes, Samanea, Serianthes, and Wallaceodendron.

In the Malesian genera Archidendron and Archidendropsis very short-lived, so-called
recalcitrant seeds are found. These seeds are so short-lived that they sometimes germinate
in the pod (some species of Malesian Archidendron and New Caledonian Archidendrop-
sis). The seeds of these two genera and also of the American genera Cojoba and Zygia are
often ‘overgrown’, as termed by Corner, and have large amounts of nutrition securing the
developing seedling in everwet habitats for a long period.
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References: Alexander, LJ., in C.H. Stirton & J.L. Zarucchi (eds.), Monogr. Syst. Bot. Missouri
Bot. Gard. 29 (1989) 607-624, — Arroyo, M.T.K., in R.M. Polhill & P.H. Raven (eds.), Advances in
Legume Systematics 2, Roy. Bot. Gard. Kew (1981) 723-729. — Augspurger, C.K,, in Stirton &
Zarucchi (eds.), 1.c. (1989) 451-466. — Bawa, K.S. & D.P. Buckly, ibid., l.c. (1989) 243-262. —
Bernhardt, P., ibid., 1.c. (1989) 263-281. — Cavanagh, A.K., Proc. Roy. Soc. Victoria 91 (1980) 161-
180. — Corby, H.D.L,, in Polhill. & Raven (eds.), L.c. (1981) 667. — Corner, E.J.H., Phytomor-
phology 1 (1951) 117-150; The seeds of the dicotyledons, 2 vols., Cambridge Univ. Press (1976). —
Edelin, C., L’ Architecture monopodiale, I’example de quelques arbres d’Asie tropicale, Thesis Univ.
Montpellier (1984). — Gunn, C.R., U.S. Dept. Agric. Techn. Bull. 1681 (1984) 1-194. — Hallé, F.,
R.A.A. Oldeman & P.B. Tomlinson, Tropical Trees and Forests, an architectural analysis, Springer,
Berlin/Heidelberg/New York (1978). — Kenrick, J. & R.B. Knox, in Stirton & Zarucchi (eds.), L.c.
(1989) 127-156. — Maumont, S., Intérét taxonomique de I’histologie des téguments séminaux chez les
Acacieae et les Ingeae (Leguminosae-Mimosoideae), Thesis Univ. Sabatier, Toulouse (1990) 1-184. —
McKey, D., in Stirton & Zarucchi (eds.), l.c. (1989) 673-718. — Nielsen, 1., T. Baretta-Kuipers &
Ph. Guinet, Opera Bot. 76 (1984) 5-120. — Nielsen, I., Ph. Guinet & T. Baretta-Kuipers, Bull, Mus.
Natn. Hist. Nat. Paris, sér. 4, 5, sect. B, Adansonia no 3 (1983) 329. — Oldeman, R.A.A,, in Stirton &
Zarucchi (eds.), 1.c. (1989) 17-34. — Pijl, L. van der, Principles of dispersal in higher plants, Springer,
Berlin (1982). — Schrire, B.D., in Stirton & Zarucchi (eds.), 1.c. (1989) 183 —-242. — Sprent, J.1.,
J.M. Sutherland & S.M. de Faria, ibid., L.c. (1989) 559-578. — Staden, J. van, J.C. Manning &
K. M. Kelly, ibid., L.c. (1989) 417-450. — Steenis, C.G.G.J. van, Mountain Fl. Java (1972) pl. 26:
4. — Tybirk, K., Nordic J. Bot. 9 (1989) 375-381. — Vogel, E.F. de, Seedlings of dicotyledons, Pudoc,
Wageningen (1980) 84-85, 304-336.

Taxonomy — Most of the fundamental work by G. Bentham (1875) is still valid, at
tribal as well as at generic and specific level. He recognized “... 7 tribes or collective genera,
and 46 genera or subgenera” (l.c.: 343). Tribes 1. Pentaclethra and 2. Parkia were defin-
ed by the imbricate sepals, a character pointing towards a relationship with the caesal-
pinioid genus Dimorphandra and its allies (e. g. the Malesian genus Sympetalandra). Hut-
chinson (1964) and Elias (1981) considered them as belonging to one tribe named Parkieae
and also accepted the tribe Mimozygantheae, based on the Argentinian monotypic genus
Mimozyganthus, which has imbricate and free sepals. In Bentham (l.c.) the three follow-
ing tribes, 3. Piptadenieae, 4. Adenanthereae and 5. Mimoseae, have valvate sepals and a
definite number of stamens. In the Piptadenieae the seeds have no albumen, but the anthers
have a stipitate gland at the apex of the connective as in most of the Adenanthereae, which
have albuminous seeds. Tribe 5. Mimoseae has anthers usually without glands and albu-
minous seeds. Hutchinson (1964) united the Piptadenieae and Adenanthereae as the dis-
tinction between them broke down after the study of new material. Finally Lewis & Elias
(1981) united all the species with valvate sepals and a definite (< 10) number of free sta-
mens into one tribe: the Mimoseae. The fruit and seed characters play an important role in
tribe Mimoseae where 38 genera with more than 720 species are now recognized and in
which the American/African/Indian genus Mimosa accounts for some 350—400 species.

In tribe Acacieae, which has been kept since Bentham (l.c.), the stamens are free, only
exceptionally connate at the base (the African Faidherbia albida) (see also Vassal 1981).
Two of the subgenera, Acacia and Aculeiferum, have many species with anther glands
similar to the ones found in many Mimoseae. The glands are lacking in the third subgenus,
Phyllodineae, and in the American section Filicinae of subgenus Aculeiferum. The species
of section Filicinae, moreover, lack extrafloral nectaries on the leaves, they are unarmed,
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and the floral pedicel is jointed (as in Adenanthera) and will probably prove to belong to a
distinct subgenus of Acacia. Recently Pedley (1986) proposed to divide the classical genus
Acacia into three genera: Acacia (= Acacia series Gummiferae Benth.), Racosperma Mart.
(Acacia series Phyllodineae Benth.) and Senegalia Raf. (Acacia series Vulgares Benth.).
However, the characters presented by Pedley give evidence for a division into two genera,
Acacia and another combining Racosperma and Senegalia, and until the American species
have been compared with the Australian species, it seems better to keep the large genus
Acacia with more than 1300 species intact. Moreover, the three genera proposed seem to
be closer related to each other than to the rest of the Mimosoideae, and the discussion is
then a question of rank. Species as Acacia harmandiana of Indochina and Thailand with
15-22 stamens and A. leucophloea with 20—25 stamens and glandular anthers could
belong to the oldest part of subgenus Acacia, showing convergence in characters to those
of the Mimoseae. The number of Acacia species is low in Malesia as compared to Australia,
and the disjunct distributional areas of some members of subg. Aculeiferum (Nielsen 1985)
and Acacia (A. tomentosa and A. leucophloea) of mainland Asia and those of species of
subgenus Phyllodineae common to New Guinea and Australia clearly show that the Ma-
lesian Acacia flora is of dual origin: W Malesia/mainland Asia and New Guinea/Aus-
tralia, the two elements meeting in the Lesser Sunda Islands.

In tribe Ingeae, defined by the indefinite number of stamens which are fused to a tube
at the base, Bentham recognized “15 genera or subgenera” (l.c.: 343) with 408 species.
At present some 20 genera and c¢. 1000 mostly tropical species are recognized (Nielsen
1981). Unlike Acacia, which has spread into the semiarid regions of the tropics and which
there plays an important phytosociological role, the major part of the Ingeae is found in
the humid part of the tropics, although a few genera (e.g. Albizia) extend into semiarid
and warm temperate regions as well and have developed deciduous species.

References: Bentham, G., Trans. Linn. Soc. 30 (1875) 335-668. — Elias, T.S., in R.M. Polhill &
P.H. Raven (eds.), Advances in Legume Systematics 1, Roy. Bot. Gard. Kew (1981) 183. — Hutchin-
son, J., The Genera of Flowering Plants 1, Dicotyledons (1964) 277-297. — Lewis, G.P. & T.S. Elias,
in Polhill & Raven (eds.), L.c. (1981) 155-168. — Nielsen, L., in Polhill & Raven (eds.), l.c. (1981)
173-190; Opera Bot. 81 (1985) 7-26. — Pedley, L., Bot. J. Linn, Soc. 92 (1986) 219-254, — Vassal, J.,
in Polhill & Raven (eds.), l.c. (1981) 169-171.

Fossils — Recent treatments on leaf impressions of Albizia and Archidendron from the
late Miocene of China by Guo Shuang-Xing & Zhou Zhe-Kun (1992), on fossil wood of
Albizia from the Neogene of India by Awasti (1992), and on leaves and fruits of Acacia,
Albizia and Serianthes from the Miocene of New Zealand by Pole (1992) give an idea of
the former distribution of the Mimosaceae.

References: Awasti, in P.S. Herendeen & D.L. Dilcher (eds.), Advances in Legume Systematics 4,
The fossil record, Roy. Bot. Gard. Kew (1992) 225-250. — Guo Shuang-Xing & Zhe-Kun Zhou, in
Herendeen & Dilcher (eds.), l.c. (1992) 207-223. — Pole, in Herendeen & Dilcher (eds.), 1.c. (1992)
251-258.

Uses — Several exotic species of the Mimosaceae have been introduced as ornamen-
tals and/or shade-trees, cover-crops, sources of firewood etc. The introduced species are
of either Australian (Acacia) or American (Acacia, Albizia, Calliandra, Inga, Leucaena,
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Mimosa, Pithecellobium, Prosopis) origin. The well-established naturalized species have
been included in this treatment, the most common, non-naturalized ones have been includ-
ed in the keys only with a note on the geographical origin (see also Backer & Bakhuizen f.
1963, for keys and short descriptions of the introduced species). Seeds and pods of Archi-
dendron bubalinum, A. jiringa and Parkia speciosa are very often seen in town markets of
W Malesia, as are the floating stems of Neptunia oleracea that are used as a vegetable. The
fast-growing Leucaena leucocephala (National Academy of Sciences 1979), a native of
tropical America, is used in reafforestation projects. One of the fastest growing trees of
the tropics, Paraserianthes falcataria, originates from E Malesia and is an important source
for paper pulp. It is very often planted as a shade-tree as well, although the roots grow
superficially and spread widely, and the tree starts to decay at a rather young age (c. 10
years) dropping the branches on the crop it covers, causing considerable damage. The
species of Mimosa, originally imported as cover-crops to prevent erosion, have now be-
come serious weeds and thus of adverse economic importance.

Important timber trees are Albizia acle of the Philippines and Acacia mangium of East
Malesia/Australia. The latter species is now widely used in reafforestation projects. Some
of the Albizia species of the everwet areas of W Malesia (e.g. A. pedicellata, A. rosulata,
A. splendens) deserve wider recognition. The saponin contents of the wood and bark of
Albizia acle and A. saponaria is high. The latter has been used as soap and as fish poison
(Burkill 1966).

Amongst the ornamentals the South American Samanea saman, the ‘Rain Tree’, is the
most widespread and, together with the Madagascan Delonix regia, the ‘Flame of the Forest’
(Caesalpiniaceae), the most common street tree in Malesia. Acacia auriculiformis of New
Guinea/Australia is also widespread, especially in regions with a seasonal climate.

For further information about uses, consult Heyne (1927), Corner (1940), and Burkill
(1966), and the notes under genera and species.

References: Backer, C.A. & R.C. Bakhuizen van den Brink f., Flora of Java 1 (1963) 547-565. —
Burkill, L.H., A dictionary of the economic products of the Malay Peninsula, ed. 2 ( 1966). — Cormer,
E.J.H., Wayside trees of Malaya (1940). — Heyne, H., De nuttige planten van Nederlands Indig, ed. 2
(1927); National Academy of Sciences, Tropical legumes: Resources of the future, Washington, D.C.
(1979) 1-328.

Cytology — Goldblatt (1981) reviewed the basic chromosome numbers of the Mimo-
saceae; X = 14 and x = 13 are the widespread numbers. Tetraploids and/or octaploids
have been recorded in the genera Schleinitzia, x = 27, 26; Dichrostachys and Acacia subg.
Acacia. (A. farnesiana, 2n = 52, 104; A. leucophloea, 2n = 52), Adenanthera pavonina
(26, 647), Mimosa pudica (32, 48, 52), Neptunia oleracea (52, 54) (see also Nielsen 1981).
Several counts need confirmation. During my recent study for Archidendron grandifiorum
2n = 26 was counted (no 89 BI 00472, ex Australia, AAU).

References: Goldblatt, P., in R.M. Polhill & P.H. Raven (eds.), Advances in Legume Systematics 2,
Roy. Bot. Gard. Kew (1981) 434-436. — Nielsen, L., Fl. Camb. Laos Vietnam 19 (1981) 6.

Fruits and Seeds — Gunn (1984) made a comprehensive survey of the Mimosaceae.
In this work keys to the genera, illustrations and descriptions make it possible to identify
fruits and seeds to genus. The pistil mostly consists of a single carpel (215 free carpels
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are found in some species of Affonsea, Archidendron, Inga, Serianthes, Zygia) and devel-
ops into a pod of very varying dimensions from less than 1 cm to over 100 cm long (En-
tada p.p.). As noted in the paragraph on Habitat and Ecology form, texture and dehiscence
of the fruits reflect co-adaptations with the dispersal agents. Epi-, meso- and endocarp
vary in sheen, colour, texture and the endocarp may be septate, forming one-seeded cham-
bers. The funicle varies in length, thickness and shape and may in some species of Acacia
and Pithecellobium develop into an aril. The pod characters seem to be rather variable and
e.g. dehiscent and indehiscent pods can be found in otherwise closely related species.
Thus caution should be taken when using them as generic characters, though some dis-
tinct apomorphies exist, such as the one-seeded winged endocarp segments of Wallaceo-
dendron and the woody boomerang-shaped pods of Xylia. As can be seen in Gunn (l.c.),
it is not possible to key out the three families of Leguminosae on fruit characters alone.

An outstanding seed character distinguishing the Mimosaceae from all Fabaceae and
the major part of the Caesalpiniaceae is the pleurogram, a U-shaped or horseshoe-shaped
single or double line found on both faces of the seed and sometimes continuous between
them. The pleurogram is a fissure in the epidermal palissade layer (= Malpighian cells)
and it is constant to such an extent that it is possible to identify specimens of e.g. Albizia
to species according to its form and size. As noted by Gunn (l.c.) pleurograms are pres-
ent in 31 genera, absent or present in 8 genera and absent in 25 genera. In tribes Acacieae
and /ngeae the occurrence of the pleurogram is associated with the development of a thick
seed coat (= exotesta sensu Corner 1976). Maumont (1990) wrote a thesis on the taxo-
nomic importance of the anatomical structure of the seed coat in the two tribes. The seed
coat of the pleurogrammatic seeds have thick-walled Malpighian cells with a ‘light line’
and often also ‘hour-glass’ cells (‘cellules en sablier’ sensu Maumont) and cells that sup-
port the fissure line are present. In genera without pleurogram (e. g. Archidendron, Archi-
dendropsis) the Malpighian cells are thin-walled, low and without light line, hour-glass
cells or cells supporting the fissure line. In tribe Mimoseae this association of characters is
not always present, e.g. Entada phaseoloides and E. rheedii and a major part of other En-
tada species have osseous to coriaceous seed coats without pleurogram, whereas the wind-
dispersed Entada abyssinica from E Africa has a pleurogram. As shown by Nielsen et al.
(1983) and Maumont (1.c.), the characters of the seed coat support those of the vegetative
parts, the flowers and pollen, and are very useful in the generic delimitation in the tribes
Acacieae and Ingeae. According to Corner (1951) and Maumont (l.c.) the ‘overgrown’
seeds (i.e., seeds without pleurogram and with an unspecialized testa) are adapted to
humid environments and they have been shown to be ‘recalcitrant’ (without dormancy). It
is difficult to explain the significance of the hard seed coat of the Albizia species found in
tropical lowland rain forest (e.g. A. dolichadena, A. rosulara, and A. splendens) except
as an extremely efficient protection against predators or as just a relict character, also pres-
ent in the related species Albizia attopeuensis of the Thai-Laotian savannas.

References: Comer, E.J.H., Phytomorphology 1 (1951) 117-150; The seeds of the dicotyledons 1 &
2 (1976). — Gunn, C.R., U.S. Dept. Agric. Techn. Bull. 1681 (1984) 194, — Maumont, S., Intérét
taxonomique de Phistologie des téguments séminaux chez les Acacieae et les Ingeae (Leguminosae—Mimo-
soideae), Thesis Univ. Sabatier, Toulouse (1990) 1-184. —Nielsen, 1., Ph. Guinet & T. Baretta-Kuipers,
Bull. Mus. Natn. Hist. Nat, Paris, sér. 4, 5, sect. B, Adansonia no 3 (1983) 303-329.
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Seedlings — De Vogel (1980) classified the seedlings in 16 types. His seedling type
2a, the Sloanea subtype “characterised by an elongated, epigeal hypocotyl and with the
cotyledons borne above soil level” is the most widespread in the subfamily and has been
recorded for the Malesian genera Acacia, Adenanthera, Albizia, Paraserianthes, Parkia,
and Serianthes (Burger Hzn 1972; Nielsen et al. 1983; De Vogel, 1.c.). The Macaranga
type has been found in Entada. The Endertia type, Chisocheton subtype has been observed
in Archidendron ellipticum and A. jiringa (Fig. 7). The best studied genus is Acacia,
where a series of subtypes useful in the infrageneric classification have been established
(Vassal 1969, 1972).

Léonard (1957), Duke (1965), Ng (1975), and Duke & Polhill (1981) advocated a more
simple approach distinguishing between 6 different types of seedlings in Leguminosae.
According to this classification, the Malesian genera of Mimosoideae belong to the follow-
ing three types: phaneroepigeal in Acacia, Adenanthera, Albizia, Archidendropsis (New
Caledonia), Dichrostachys, Mimosa, Paraserianthes, Parkia, Samanea, and Serianthes,
phanerogeal in Archidendropsis paivana (New Caledonia); phanerohypogeal in Archiden-
dron (3 species known). For general remarks on the ecology of the seedlings see Duke &
Polhill (l.c.). The types reflect adaptations to habitats, the phaneroepigeal seedling being
adapted to ‘open’ habitats such as deciduous forest and savanna; the phanerogeal and
phanerohypogeal seeds are more adapted to humid habitats such as rain forest.

Within the tribes interesting differences in phyllotaxis can be observed. Guinet & Rico
(1988) showed that leaf-structure progression patterns can be observed in the American
Ingeae. The Malesian genera do not quite fit into these patterns. In Albizia, Archidendrop-
sis, and Paraserianthes lophantha the first leaf is pinnate and the second bipinnate, uniju-
gate. In Archidendron, Paraserianthes falcataria and Serianthes the first leaf is bipinnate.
In Serianthes sachetae (New Caledonia) the first two leaves are opposite. Archidendron
ellipticum and A. jiringa have alternate first leaves. In Archidendron grandiflorum of ser.
Archidendron the seedling pinnae are unifoliate, a feature shared with the mature leaves
of ser. Morolobiae and thus pointing towards an affinity between these two series, both
centred in the E Malesian—NE Australian area (see also Nielsen et al., 1983).

References: Burger Hzn, B., Seedlings of some tropical trees and shrubs mainly ot S.E, Asia, Pudoc,
Wageningen (1972) 156-196. — Duke, J.A., Ann. Missouri Bot. Gard. 52 (1965) 314-350. — Guinet,
Ph. & L.A. Rico, Pollen et Spores 30 (1988) 313-328. — Guinet, Ph.,, J. Vassal, C.S. Evans & B.R.
Maslin, Bot. J. Linn. Soc. 80 (1980) 53-68. — Léonard, J., Mém. Acad. Roy. Belg. Cl. Sc. 30 (2)
(1957) 1-312, — Ng, F.S.P., Malay. For. 38 (1975) 33—39. — Nielsen, 1., Ph. Guinet & T. Baretta-
Kuipers, Bull. Mus. Natn. Hist. Nat. Paris, sér. 4, 5, sect. B, Adansonia no 3 (1983) 303-329. — Vas-
sal, J., Bull. Soc. Hist. Nat. Toulouse 105 (1969) 55-111; ibid 108 (1972) 125-247. — Vogel, E.F. de,
Seedlings of Dicotyledons, Pudoc, Wageningen (1980) 84-85, 304-336.

Vegetative Anatomy — The following is summarized from Metcalfe & Chalk’s (1950)
general survey of the anatomy of the Mimosaceae, extended by data from more recent
publications cited below. The anatomical diversity of the Malesian representatives is only
incompletely known and further study will certainly provide markers of taxonomic in-
terest.

Leaf anatomy. The indumentum, when present, is very diverse and composed of non-
glandular, unicellular or uniseriate, or multiseriate unbranched or branched hairs (in Mi-
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mosa). Glandular hairs of the following types may occur: unicellular or multicellular,
ellipsoid or clavate head on uniseriate stalks or sessile in e.g. species of Acacia, Adenan-
thera, Albizia, Entada, Leucaena, Mimosa, Neptunia, and Serianthes; peltate to stellate
glands in Acacia p.p. and Mimosa p.p.; glandular shaggy hairs with multi- or uniseriate
stalks in Mimosa p.p. The epidermis is papillate in a number of species and genera. Epi-
dermal cells with inner mucilage walls occur in species of Acacia, Adenanthera, Albizia,
Dichrostachys, Entada, Leucaena, Mimosa, Neptunia, Parkia, and Serianthes. Stomata are
either confined to the lower leaf surface, or occur on both leaf surfaces in e.g. Acacia, Di-
chrostachys, Mimosa, and Neptunia. Stomata usually paracytic, but subsidiary cells some-
times secondarily subdivided in Acacia; in phyllodes of some Acacia species stomata pre-
dominantly cyclocytic, more rarely anisocytic or anomocytic. Mesophyll ranging from
dorsiventral to centric. Vascular bundles of the smaller veins usually embedded in the
mesophyll, Petiole often with a complex vascular system. For a review of structure and
function of pulvini in nycto- or seismonastic species see Wilkinson (1983). Crystals usu-
ally rhomboidal, more rarely clustered (e. g. in Mimosa). Secretory cells with colourless or
yellowish contents observed in a number of species. Secretory sacs recorded in Neotropi-
cal species of Pithecellobium but possibly occurring elsewere as well. Extrafloral nectaries
composed of parenchyma tissue surrounded by crystalliferous cells are of general occur-
rence, €.g., in species of Acacia, Albizia, Dichrostachys, and Samanea.

Wood anatomy. Vessels diffuse, sometimes in a weakly pronounced oblique pattern,
typically medium-sized (100—200 pm), solitary and in short radial multiples. Vessel per-
forations simple. Intervessel pits alternate, vestured. Vessel-ray pits similar but half-bor-
dered. Solid vessel contents usually present. Fibres with few, small pits largely confined
to the radial walls, septate in Albizia p.p., Cathormion, and Leucaena. Parenchyma usu-
ally abundant and predominantly paratracheal vasicentric, aliform, confluent or banded:
mostly vasicentric in Acacia p.p., Albizia, Dichrostachys, and Paraserianthes; mostly
confluent in Acacia p.p., Adenanthera p.p., and Parkia; in broad bands in Archidendron
and Entada; in irregular zonate bands (in addition to paratracheal parenchyma) in some
species of Acacia and Albizia. Diffuse parenchyma (additional to the paratracheal paren-
chyma), often crystalliferous, fairly common in Acacia p.p., Adenanthera, Albizia p.p.,
Cathormion, Dichrostachys, Leucaena, Paraserianthes, Parkia, Serianthes, and Wallaceo-
dendron. Strands usually of 2—4 cells, parenchyma more rarely fusiform. Rays mostly
biseriate or wider; (almost) exclusively uniseriate in Acacia p.p., Albizia p.p., Archiden-
dron, Paraserianthes, and Wallaceodendron; homocellular, composed of procumbent cells
only. Storied structure sometimes present, but never distinct in rays and fusiform elements
at the same time. Crystals prismatic, usually present in chambered axial parenchyma, typi-
cally in long chains, rarely in ray cells.

The Mimosaceae are wood anatomically the most distinctive of the Leguminosae, al-
though some overlap with the, wood anatomically intergrading, Papilionaceae and Caesal-
piniaceae exists.

References: Baretta-Kuipers, T., IAWA Bulletin 1979/2 & 3 (1979) 47-50 (Archidendron, wood
anatomy); Wood anatomy of Leguminosae: its relevance to taxonomy, in R.M. Polhill & P.H. Raven
(eds.), Advances in Legume Systematics 2, Roy. Bot. Gard. Kew (1981) 677-705. — Boughton, V.H.,
Austral, J. Bot. 37 (1989) 157-168 (trichomes, Acacia). — Burgess, P.F., Timbers of Sabah (1966)
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343-385. — Fundter, J.M. & J.H. Wisse, Meded. Landbouwhogeschool Wageningen 77-9 (1977)
1-223 (wood anatomy of New Guinea Adenanthera). — llic, J., CSIRO Atlas of Hardwoods (1991) 252
291, — Leelavathi, P., N. Ramayya & M. Prabhakar, Phytomorphology 30 (1980) 195-204 (leaf anat-
omy). — Lomibao, B.A., Araneta Res. J. 24 (1977) 11-32 (Moluccan woods). — Martaijaya, A., L.
Kartasujana, Y.I. Madang, S.A. Prawira & K. Kadir, Atlas Kayu Indonesia II (1989) 59-64 (wood of
Paraserianthes). — Maruzzo, M.M. & W.M. America, Forpride Digest 10 (1981) 16—-27 (Leucaena
wood anatomy). — Meniado, J.A., R.R. Valbuena & F.N. Tamolang, Timbers of the Philippines 1.
(1974). — Metcalfe, C.R. & L. Chalk, Anatomy of the Dicotyledons 1 (1950) 476—487. — Nielsen, 1. &
Ph. Guinet, Nordic J. Bot. 12 (1992) 85-114 (leaf anatomy Adenanthera). — Quirk, J.T., IAWA Bull.
n.s. 4 (1983) 118-130 (wood anatomy and identification). — Schnell, R., G. Cusset & M. Quenum,
Rev. Gén. Bot. 70 (1963) 269-342 (extrafloral nectaries). — Shah, G.L., M.H. Parabia & M.J.
Kothari, Ann. Bot. 36 (1972) 823-835 (leaf anatomy). — Solereder, H., Systematische Anatomie der
Dikotyledonen & Erg#inzungsband (1899 & 1908). — Sudo, S., Bull. For. & For. Prod. Res. Inst. 350
(1988) 1-199 (Papua New Guinea timbers). — Wheeler, E.A, & P. Baas, in P.S. Herendeen & D.L.
Dilcher (eds.), Advances in Legume Systematics 4, Roy. Bot. Gard. Kew (1992) 281-301 (fossil woods). —
Wilkinson, H.P., Notes Jodrell Lab. 10 (1983) 1-21 (leaf anatomy). — Wu, Hsieh & Wang, Q. J. Exp.
For. Natn. Taiwan Univ. 2-2 (1991) 27-43 (wood, Acacia mangium). P. Baas

Palynology (see also Acacia) — Pollen morphology of the subfamly Mimosaceae is
extremely diverse (Guinet 1969, 1981, 1990; Guinet & Ferguson 1989). The basic pollen
type common to all 3 subfamilies of the Leguminosae includes single, isopolar, * spheroi-
dal, small-sized (P = 20-35 um), 3-colporate grains with a semitectate exine, a columel-
late infratectal layer, and a well-developed foot layer and endexine (Guinet 1981), Pollen
grains of Fabaceae are always single. Tetrads occur rarely in the Caesalpiniaceae, and more
frequently in the Mimosaceae, though mostly as an occasional variant together with single
grains or polyads in the same anther. Polyads are restricted to the Mimosaceae. Within the
angiosperms, polyads are known in a few other families (Knox & McConchie 1986), but
there they show much less internal organisation. Polyads arise through one or several mitotic
divisions of the sporogenous cells prior to meiosis. In the Mimosaceae they usually con-
tain 8, 16 or 32 grains (monads); deviating numbers, always quadruples, were found in a
few genera. Polyad size is up to c. 350 um. Shape may be symmetric or asymmetric, and
the monads may be more or less independent or variously connected by exine bridges. In
the extreme case the monads have a much reduced proximal exine and fused distal tectum
parts (calymate polyad).

Guinet (1981) listed the frequencies of single and compound grains (tetrads + polyads)
in the genera of the Mimosaceae (c. 1700 species studied). In the tribe Parkieae the grains
are single (Pentaclethra) or compound (Parkia). The Mimoseae also have single and com-
pound grains. Several genera (e.g. Entada, Dichrostachys, Leucaena) show both types.
The genera that exclusively have single grains are rare in tropical regions in Asia, Australia
and the Pacific (only Indopiptadenia and a few Neptunia species). The tribes Acacieae and
Ingeae always have polyads that show weak to strong heteromorphy, i.e. difference be-
tween the peripheral and central monads as to size, apertures, exine structure and thick-
ness, and/or ornamentation,

Single grains have a 3-colporate apertural system, sometimes with 2 pores inside each
colpus or with fused colpi (syncolpate: Desmanthus, Leucaena, Neptunia, Prosopsis).
Monads of tetrads are 3-colporate or 3-porate. The latter type also occurs in 8- and 12-
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celled polyads. Monads of more-celled polyads generally have 4-12 pores, which are
located distally, near the exposed surface, and often also proximally, on the internal (ob-
scured) surface of each monad. All pores are functional. Pores of adjacent monads face
each other in clusters of 2, 3 or 4. Monads with a proximally reduced exine may have
pores at the proximal side and colporate apertures at the distal side (e.g. Acacia subg.
Acacia). With a few exceptions Mimoseae polyads only show pores at the distal side in
clusters of 2 or 3, and Acacieae and Ingeae polyads pores at either side in clusters of 3
and/or 4. Parkia has very small pores in clusters of 2 or 3, located only at the distal side.
Most genera of the Mimosaceae have pores with an annulus-like thinning and/or ligulae,
which are features that do not occur in the other subfamilies. Circular of square colpus-
like thinnings of the ectexine without pores and, by consequence, without a germinative
function (pseudocolpi) are found in several Mimoseae genera and many Acacia species;
probably they have a harmomegathic function (Guinet 1986). Calymate polyads behave as
single harmomegathic units.

Mimosaceous pollen usually has a well-developed tectum, foot layer and endexine. The
infratectal layer may be columellar or granular. A columellar infratectum is particularly fre-
quent in taxa with single grains, and a granular infratectum in taxa with polyads. Several
genera, and even species show both types.

Ornamentation is less variable than in the other subfamilies. The commonest type is
areolate, with polygonal or sinuous areoles (flat or sometimes bulging tectum parts sepa-
rated by narrow grooves) in the Ingeae, and smaller, rounded ones in other tribes. Areoles
with lumina occur in Parkia. Other ornamental types found are verrucate, reticulate, striate-
reticulate, rugulate-reticulate and smooth. The tectum is crossed by a variable number of
mostly narrow perforations. In polyads the proximal sides of the monads generally have a
reduced exine.

The fossil record as presently known (Guinet & Ferguson 1989) indicates evolution
from single grains to tetrads and to polyads. The change towards compound grains, the
predominant differentiation of these forms, and the simultaneous change from a columel-
lar towards a granular infratectum appear to have happened during the Eocene. Several
records of Cretaceous tetrads and 8-celled polyads attributed to the Mimosaceae need
verification (Muller 1981). The Oligocene is marked by an important radiation of the taxa
with a granular infratectum and the associated porate apertures.

The high degree of heteromorphy in the polyads of some Mimosaceae reflects the
strong interrelationship with specialized pollinators. High polyad asymmetry is associated
with the occurrence of a mucilage coating on the top of a single specialized monad in some
Calliandra species, or with dark coloured polyads (Parkia, Serianthes). Then, polyad size is
remarkably large too (150-350 um). This suite of characters probably indicates the trans-
ference of the attractive role from individual flowers to pollen (Guinet & Ferguson 1989).

References: Guinet, Ph., Trav. Sec. Sci. Tech. Inst. Fr. Pondichéry 9 (1969) 1-293; in R.M. Polhill
& P.H. Raven (eds.), Advances in Legume Systematics part 2, Roy. Bot. Gard. Kew (1981) 789-799,
835-857; Linn. Soc. Symp. Ser. 12 (1986) 297-311; PL. Syst. Evol. Suppl. 5 (1990) 81-90. — Guinet,
Ph. & LK. Ferguson, in C.H. Stirton & J.L. Zarucchi, Advances in Legume Biology, Monogr. Syst.
Bot. Missouri Bot. Gard. 29 (1989) 77-103. — Knox, R.B. & C.A. McConchie, Linn. Soc. Symp. Ser.
12 (1986) 265-282. — Muller, J., Bot. Review 47 (1981) 1-142.

R.W.J.M. van der Ham
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Phytochemistry & Chemotaxonomy — General remarks: During the past 40 years
three more or less comprehensive phytochemical and chemotaxonomic reviews of the
whole family, i.e. Leguminosae (= Fabaceae s.1.) with Caesalpinioideae, Mimosoideae
and Papilionoideae, or, if treated as an order, Leguminales with Caesalpiniaceae, Mimo-
saceae and Papilionaceae (= Fabaceae s.str.), were published (Hegnauer 1956; Harborne
et al. 1971; Polhill & Raven 1981), and volume XI of ‘Chemotaxonomie der Pflanzen’
will cover ethnobotany, chemical ecology and most exhaustively phytochemistry and
chemotaxonomy of Leguminosae (Hegnauer, in prep.). For the present purpose metabo-
lites of Mimosoideae are arranged in the same way as in the last-mentioned treatise. To my
knowledge only the pattern of nonprotein (= non-proteinogenic) amino acids in seeds is
known from Mimozyganthus carinatus, forming the monotypic tribe Mimozygantheae;
dichrostachinic, djenkolic, N-acetyldjenkolic and 4-hydroxipecolic acid are stored (Krauss
& Reinbothe 1973); in this respect the taxon resembles Parkia p.p. The other four tribes
of the subfamily were explored more or less exhaustively by phytochemists and chemo-
taxonomists. Therefore the statement that mimosoids share many chemical characters with
caesalpinioids and papilionoids is by no means premature. However, frequencies with
which individual classes of compounds occur in the three legume subfamilies vary widely.
Storage products of seeds, inositols (= cyclitols), non-volatile organic acids, mucilages of
vegetative parts and several classes of characteristic secondary metabolites will be men-
tioned and discussed briefly in this minisurvey. Moreover, a number of toxic constituents
of restricted occurrence in mimosoids will not be forgotten, and finally attention will be
paid to three ecophysiological characters, phytoalexins, nyctinastins, and nodulation which
is connected with nitrogen-fixation, 4 feature conferring many legumes properties of great
promise for future agriculture and for soil amelioration and conservation.

Storage products of seeds: Starch is rather seldom stored in ripe seeds of Mimosoideae
(present, e. g., in Mimoseae p.p., Acacia p.p. and Ingeae p.p.) and Caesalpinioideae (e.g.
in Detarieae and Amherstieae p.p.), but occurs in large amounts in many papilionaceous
taxa belonging to Swartzieae, Phaseoleae and Vicieae (‘Chemical analyses of seeds’ 1962 -
1974; Kooiman 1963; Maheshwari & Chakrabarti 1967); in vegetative parts starch storage
seems to be more or less ubiquitous in legumes (Czaja 1978, 1980). Starchless seeds of
legumes store mainly protein bodies (aleuron grains), fatty oils (triglycerides) and/or
heteropolysaccharides (the so-called reserve celluloses) which are deposited during seed
maturation in the cell walls of cotyledonary or (if present) endospermous tissue. Variable
amounts of soluble sugars (sucrose, raffinose, stachyose and sometimes verbascose) and
of inositols (cyclitols) are present in seeds of all Leguminosae (Amuti & Pollard 1977;
Yasui & Ohashi 1990). Storage of sucrose oligogalactosides of the raffinose-stachyose
series in seeds, but not in vegetative parts, is a character of the whole family (Hegnauer
1956, 1957), though some exceptions are known (Yasui & Ohashi 1990). Most legume
seeds also contain the cyclitol monomethyl ether (+)-pinitol, but the latter may be replaced
in some taxa by (+)-ononitol, (-)-bornesitol, D-chiro-inositol or 0-methyl-scyllo-inositol
(Yashui & Ohashi 1990). Approximately 60—-70% of Leguminosae produce mature seeds
with more than trace amounts (i.e. not only surviving during seed maturation as aleuron
layer or around the radicle of the embryo) of endosperm. Legume endosperms are muci-
laginous and consist of thick-walled cells with carob or guar gum-type galactomannans;
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such reserve celluloses represent a character occurring in all three subfamilies of legumes
(Hegnauer 1957); galactomannans of this type have been isolated from seeds of many
legumes (Tookey & Jones 1965; Bailey 1971; White et al. 1971; Kooiman 1972), includ-
ing the following mimosoids: Desmanthus illinoensis and Leucaena glauca (= L. leuco-
cephala) (Dea & Morrison 1975), Adenanthera pavonina, Mimosa multipinna, M. pudica,
Stryphnodendron adstringens, S. barbatiman (= S. barbadetiman), S. obovatum and S.
polyphyllum (Buckeridge & Dietrich 1990; Reicher et al. 1991) and Lagonychium (Pro-
sopis) farctum (Shcherbukhin 1991). Grubert (1981) listed all legumes known to have a
mucilaginous endosperm,; his list contains several species of Acacia, Adenanthera, Des-
manthus, Leucaena, Mimosa, Lysiloma candida and Schrankia uncinata. Mature legume
seeds lacking endosperm store their reserves in the cotyledons, whose cell walls are thin
or more or less thickened. Amyloid is the usual carbohydrate reserve of thick-walled co-
tyledons of many representatives of the caesalpinioid tribes Derarieae (including Cyno-
metreae of Bentham) and Amherstieae (Kooiman 1960); amyloid from Tamarindus indica
was thoroughly investigated by Kooiman (1961); it is composed of glucose, xylose and
galactose in the molar ratio 3:2:1; amyloid also occurs in starch-storing, thin-walled co-
tyledons of a number of Phaseoleae (Kooiman 1963), but has, to my knowledge, never
been observed in members of Mimosoideae. Many legumes with seeds with large cotyle-
dons store besides carbohydrates appreciable amounts of fatty oils and of proteins in the
lumina of their cells. Reserve proteins are mainly deposited in so-called protein bodies
(formerly aleuron grains) which differ between plant taxa. Lott & Buttrose (1978) and
Lott (1981) described shapes and structures of protein bodies of the cotyledons of leg-
umes, mainly of Papilionoideae, but also of Acacia conferta and of the caesalpinioid
Cassia artemisioides. Protein bodies consist of a proteinaceous matrix surrounded by a
limiting membrane; globoid crystals containing phytin, crystalloids of proteinaceous
nature and crystals of calcium oxalate may be included in the amorphous proteinaceous
matrix. Protein bodies with globoids of various size and shape and of variable numbers
per body, but lacking other crystals, seem to be characteristic of legumes. The proteina-
ceous matrix of protein bodies may contain one to several main storage proteins (Boulter
& Derbyshire 1971; Mossé & Pernollet 1983). At this point it should be remembered that
seeds of many Leguminosae contain physiologically active proteins, such as protease in-
hibitors (trypsin and chymotrypsin inhibitors: Liener 1980, 1983; Weder 1981; Norioka
et al. 1988), lectins or plant haemagglutinins (Liener 1980, 1983; Toms 1981) and toxal-
bumins like abrin. Such proteins simultaneously may possess physiological (storage prod-
ucts) and ecological (defence) functions. Moreover, a number of seed proteins is involved
in the mobilization of storage products during germination and growth; a typical example
concerns urease, an enzyme which may be involved in allantoin, arginine and canavanine
metabolism, and which was shown to be present in seeds of most Leguminosae tested,
including 14 Mimosoideae species (Bailey & Boulter 1971). Besides carbohydrates and
proteinaceous compounds legume seeds store trace amounts to 45% of lipids. Mean lipid
contents were calculated for all Caesalpinioideae (6.4%), Mimosoideae (8%) and Papilio-
noideae (9.7%) investigated until 1970 (Wolff & Kwolek 1971). It should not be forgot-
ten, however, that comparisons of published results of lipid analyses are often somewhat
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ambiguous, because analytical methods differ in accuracy, because kernels alone, whole
seeds or even whole indehiscent fruits usually differ in amounts and quality of their lipids
(see also later sub Acacia arils), and because total lipids of seeds which are often equalized
with fatty oils (i.e. triglycerides) are mixtures of nonacyl-lipids and of several acyl-lipid
classes, such as the nonpolar triglycerides and waxes s.str. and the much more polar
phospho-, glyco- and sulpho-lipids; each lipid class may have its own spectrum of fatty
acids. Nevertheless extraction procedures used in oil analyses usually yield lipids which
contain triglycerides as main constituents, and some taxonomically interesting tendencies
concerning the fatty oil composition of legume seed oils begin to appear in outlines. Most
legume seed oils have palmitic (16:0), oleic (18:1) and linoleic (18:2) acids as main
fatty acids. In oils of some extratropical Papilionoideae linolenic acid (18:3) is present as
an additional main fatty acid. Taxon-characteristic features usually concern minor fatty
acids in the case of Leguminosae seed oils. Hegnauer (1956) believed that fatty oils with
relatively large amounts of saturated acids with more than 18 C-atoms, i.e. arachidic
(20:0), behenic (22:0) and lignoceric (24:0) acid, are typical of Leguminosae. Evrard
et al. (1971) emphasized that chain lengths > C;g are taxonomically more important than
the degree of unsaturation in case of fatty acid spectra of Leguminosae. They assumed that
each subfamily might have its own pattern of seed oils: Caesalpinioideae with rather vari-
able composition of total fatty acids, but usually with no more than 4% of 20:0 +22:0 +
24:0, i.e. < than the amount of 16:0 (for Afzelia bella mentioned by these authors see
sub Gustone et al. 1967, 1972). Mimosoideae with 20:0 + 22:0 + 24:0 < 16:0), and
with 22:0 + 24:0 > Cy0 (20:0 + 20:1); this latter rule, however, seems to have many ex-
ceptions (Chowdhury et al. 1984). Papilionoideae with 1.3-9.6% 20:1 (believed to be
gadoleic acid), and usually with Cy9 (20:0 + 20:1) > than 22:0 + 24:0. In recent times
other fatty acids were detected in a number of legume seed oils; they occur in amounts of
1-35% of total fatty acids, and may have some taxonomic meaning. Epoxyoctadecenoic
acids (coronaric and/or vernolic acid) are present in seed oils of many species of Acacia
in amounts of up to 10% (Chowdhury et al. 1983; Ansari & Ahmad 1986; Jamal et al.
1987; Banerji et al. 1988). Brown et al. (1987) showed that all Australian species of
Acacia lacking an arillus (or funicle or elaiosome) produce seed oils with over 50% of
linoleic acid, and that in Acacia seed oils oleic acid (18: 1n-9) is accompanied by its isomer,
vaccenic acid (18:1n-7). Acacia adsurgens, A. coriacea, A. cowleana and A. tenuisissima
had only 17-41% 18:2, but 32—53% 18:1 and 15-20% 16:0 in their whole-seed oils;
in this instance 30-62% of the seed lipids were found to be located in the oil-rich elaio-
somes (arils); the aril oils differed markedly in their fatty acid spectra (23-35% 16:0,
49-63% 18:1 and only 2—6% 18:2) from the oils derived from seeds lacking an elaio-
some. The same observation had already been reported for Acacia cyclops, a species in-
troduced from Australia to South Africa; it produces a kernel oil with 6% 16:0, 9% 16:1,
10% 18:1 and 68% 18:2 and an aril oil with ¢. 20% 16:0, 8% 16:1, 61% 18:1 and
only 3% 18:2 (Black et al. 1949). Very recently some unexpected fatty acids were dis-
covered in Leguminosae seed oils. Five species of the caesalpinioid genus Afzelia have
large amounts of the acetylenic crepenynic and dehydrocrepenynic acid (Gustone et al.
1967, 1972), and the Halphen-positive cyclopropenoids malvalic and sterculic acid occur
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in seed oils of the caesalpinioids Cassia grandis and C. siamea and Delonix elata, and,
together with 10% ricinolic acids, of the papilionoid Crotalaria retusa (Daulatabad et al.
1987, 1988, 1989).

Inositols: Pinitol not only occurs in seeds of Leguminosae as already mentioned, but is
also present in leaves, barks, flowers and other parts of most investigated taxa. Hegnauer
(1956) stressed that the investigations of Plouvier had established (+)-pinitol as a chemi-
cal character of Leguminosae; in some taxa it is replaced as main cyclitol by (+)-quercitol,
(+)-ononitol or (-)-bornesitol (see Plouvier 1962, 1963, 1965). Dried leaves kept during
20-25 years lost most of the cyclitols originally present (Plouvier 1974); therefore in the
case of cyclitols herbarium specimens seem to be scarcely suitable for chemotaxonomic
research. Legumes produce (+)-pinitol by epimerisation of (+)-ononitol (Dittrich & Brandl
1987).

Organic acids: Most legumes produce appreciable amounts of oxalic acid and deposit it
as calcium oxalate in various cell- and tissue-types. Malonic acid is accumulated by many
legumes in unusual large amounts, but observations are mostly restricted to papilionoids.
Some legumes produce large amounts of tartaric acid which is biogenetically derived from
ascorbic acid; its occurrence seems to be erratic, however, and was, to my knowledge,
hitherto only observed in some caesalpinioids (Bauhinia reticulata, Tamarindus indica),
mimosoids (Acacia concinna) and papilionoids (certain Phaseolus cultivars).

Acidic mucilages produced in vegetative parts: Mucilage cells occur in leaf epidermata
of many Leguminosae, but structures of their acidic heteropolysaccharides are scarcely
known (Bailey 1971). Gum arabic- and tragacantha-type mucilages or gum exudates are
economically important and have been studied thoroughly. Exudate gums are products of
trauma-induced gummosis which occurs in many wood legumes. The best known exam-
ple is the genus Acacia, whose species A. senegal is the main producer of good quality
commercial gum arabic. Anderson et al. paid much attention to chemical, technological
and chemotaxonomic aspects of gum of Acacia (1969a, 1980; see also Anderson 1978,
1987), Albizia (1966, 1969b, 1987), Prosopis (1982, 1985) and other taxa, such as En-
tada africana (1987), Enterolobium cyclocarpum (1990), Leucaena leucocephala (1987),
Lysiloma acapulcensis (1990). They also investigated the seed pod mucilage of Parkia
nitida (1990) which is chemically similar to the exudate gums. The Anderson group
showed that each species produces a taxon-characteristic gum and that gum exudates are
usually highly complex proteoglycans or glyco-proteins (Anderson 1987). Acacia gums
contain 0.2—-45% protein with a high percentage of hydroxyproline. This rather unusual
amino acid is also present in large amounts in the proteinaceous part of gum exudates
of species of Entada, Leucaena, Lysiloma, Parkia and Prosopis, but is much less promi-
nent in the proteins of gum exudates of Albizia species and of Enterolobium cyclocarpum.
The heteropolysaccharide part of mimosoid gum exudates has galactose, arabinose and
glucuronic acid and its 4-methylether as main building stones; additional sugars which
are sometimes present in appreciable amounts are rhamnose, xylose, and, in A/bizia, man-
nose. The protein and heteropolysaccharide parts of the gums are chemically interlinked
and the gum molecules are highly branched and of great complexity. The Scottish work-
ers (Anderson et al. 1980) investigated 15 species of the section Juliflorae (extratropical
and tropical Australia, Southeast Asia, Pacific Islands) of the genus Acacia, and showed
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that gum composition is heterogeneous within this series and does not agree with the
subseries discerned by Bentham; they offered a new informal grouping of the 15 investi-
gated species that promises to be more natural in the light of available morphological evi-
dence.

Flavonoids: Hegnauer (1956) suggested that a chemotaxonomic discussion of flavo-
noids of Leguminosae should also include isoflavonoids, rotenoids and stilbenes, because
plant phenols with a Cy4 (stilbenes), Ci5 (chalcones, flavones, isoflavones, and related
flavonoids and isoflavonoids) and C;¢ (rotenoids and peltogynoids) basic skeleton are
biogenetically intimately related. He also stressed the pluriformity of flavonoid metabol-
ism of legumes. Some examples should suffice to illustrate the immense diversity of fla-
vonoids produced by this taxon. Besides producing trivial compounds as the flavonols
kaempferol and quercetin, the flavones apigenin and luteolin, and their 2,3-dihydro deri-
vatives, many legumes also accumulate C-glycosides of flavones and even isoflavones,
flavonoids with trihydroxylate B-ring [e.g. myricetin, the prosogerins (Bhardwaj et al.
1978-1981)], are able to methylate phenolic hydroxyls and to form methylendioxy groups
from a hydroxy! and a vicinal methoxyl, and to perform C-prenylations and C-methyla-
tions [e.g. Prosopis juliflora flavones (Malhotra & Misra 1983)]. Prenylation of flavo-
noids seems to be rare in caesalpinioids and mimosoids, but the cedrelins A and B from
Cedrelinga catenaeformis (Ezaki et al. 1991) illustrate the fact that prenylation of phenolic
compounds does not occur in the Mimosoideae. Moreover, the common 3,5,7,3',4'-hy-
droxylation pattern is frequently supplemented by additional hydroxylations in position
6,8,2' and 6'; examples are patuletin and patulitrin of pods of Prosopis (Lagonychium)
farcta (Kéry et al. 1985) and two 0-methylated derivatives of gossypetin from aerial parts
of Prosopidastrum globosum (Agnese et al. 1986). Taxonomically perhaps even more
important (Gornall et al. 1979; Lowry et al. 1976) is the fact that members of all three
legume subfamilies produce a large number of 5-deoxy flavonoids. The ability to remove
the 5-hydroxyl of the acetogenic A-ring during flavonoid biosynthesis is regarded to be a
key character of Leguminosae which they share with Anacardiaceae (Gornall et al.). The
5-deoxy structure is also shown by many catechins and leucoanthocyanidins of legumes;
these will be mentioned sub tannins. Another striking feature is the fact that 2-arylchro-
mones (flavonoids) are accompanied or replaced in certain leguminous plants or plant
parts by 3-arylchromones (isoflavonoids) or even 4-arylchromans (brasilin, haematoxy-
lin). Since the 1956 publication of Hegnauer an enormous amount of new evidence accu-
mulated; it confirms suggested phytochemical tendencies and clearly indicates that legumes
are unique in several respects of their flavonoid metabolism. Firstly they produce the ma-
jority of presently known isoflavonoids (isoflavones, pterocarpans, rotenoids) of which,
moreover, many are 5-deoxy compounds. Most isoflavonoid metabolites were detected
in a number of tribes of Papilionoideae, but true isoflavones and pterocarpans are by no
means totally lacking in the two other legume subfamilies. Examples from Mimosoideae
are genistin from flowers of Acacia arabica (= A. nilotica) (Mostafa et al. 1980), biochanin
A, formononetin, daidzein, genistein and a pterocarpan from wood and bark of Albizia
procera (Deshpande & Shastri 1977) and retusin 7-neohesperidoside from the bark of
Prosopis juliflora (Vajpeyi & Misra 1981). Only rotenoids with a basic C;¢ skeleton are
restricted to relatively few genera of Papilionoideae within the legume family; they seem
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to be replaced in some caesalpinioids and mimosoids by the Ci¢-peltogynoids which are
flavone or flavan analogues of the rotenoids. Peltogynoids occur, e.g., in several species
of Acacia (Brandt et al. 1979, 1981; Van Heerden et al. 1981); the name of this class of
compounds is derived from the caesalpinioid genus Peltogyne. The number of publications
treating chemical and biological aspects of flavonoid metabolism of Leguminosae is ex-
tremely large; it is, however, well covered in the three volumes ‘The Flavonoids’ (1975,
1982, 1988) published by Harborne et al. For chemotaxonomic discussions see Harborne
(1971), Jay et al. (1971), Cagnin & Gottlieb (1978) and Gornall et al. (1979), and for a
chemical survey devoted to Leguminosae Torck (1976) can be consulted. A.S. Rao
(1990) reviewed comprehensively root flavonoids and their manifold biological effects,
including their role in establishing the legume-Rhizobium symbiosis.

Tannins: Tannins occur widely in leguminous plants. Some taxa accumulate large
amounts and are valuable vegetable tanning materials. Every part of a given species, i.e.
roots, bark, wood, leaves, flowers, fruits and seeds, may attain a high tannin content. It
mainly depends on the species which part is richest in polyphenolics. As a rule woody
tropical and subtropical legumes produce more tannins than herbaceous extratropical ones,
but herbaceous representatives may vary widely in tannin content of their leaves; much
work was performed with tannin-containing herbaceous fodder legumes (e. g. Bate-Smith
1973, 1975). Generally two main types of tannins are distinguished: a) Flavonoid tannins
which have mainly catechins (flavan-3-ols) and leucoanthocyanidins (flavan-3,4-diols)
as building stones. Leucoanthocyanidins with a hydroxyl in 5-position are very instable
and seem to be seldom present in plants in easily detectable amounts. Since one of the out-
standing biochemical features of Leguminosae is the possibility to produce 5-deoxy flavo-
noids (see sub flavonoids), they are also able to synthesize and accumulate a larger number
of much more stable 5-deoxy leucoanthocyanidins; the latter have A-rings with a resorci-
nol or pyrogallol hydroxylation pattern instead of the usual phloroglucinol-substitution.
Condensation of the flavan-3-ol and flavan-3,4-diol building stones results in C-C-linked
oligomers (= condensed tannins) and finally in insoluble polymers known as phlobaphenes
or tanner’s red. Wattle bark, usually harvested from Acacia mearnsii, is one of the most
important vegetable tanning materials; it contains only condensed tannins. Condensed
tannins together with their building stones and phlobaphenes are presently often termed
proanthocyanidins (PA), because they yield anthocyanidins on treatment with mineralic
acids. b) Hydrolysable tannins are esters (seldom glycosides; see Prosopis) of polyalco-
hols (often glucose) with phenolic compounds which are preferentially gallic and hexahy-
droxydiphenic acid; they are called gallotannins (only gallic acid present) and ellagitannins
(generate ellagic acid on hydrolysis by spontaneous lactonization of hexahydrodiphenic
acid). The nature of tannins present in a plant not only depends on its systematic position,
but also on plant parts. PA are the main tannins in most Leguminosae. Formerly gallo- and
ellagitannins were thought to be restricted to fruits of some Caesalpinioideae, notwith-
standing the fact that gallic acid and monoesters of gallic acid are known from many leg-
umes. Recently, however, a number of mimosoids was shown to produce several types
of hydrolysable tannins. Fresh leaves of Egyptian Acacia raddiana yielded an ellagitannin
and several galloylglucoses (El-Mousallamy et al. 1991), and bark of Indian A. leuco-
phloea contains B-glucoside with a pentagalloylated sugar part (Trivedi & Misra 1984).
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South African A. gerrardii has mono- and digalloylated catechins in the tannin fraction of
its bark (Malan & Pienaar 1987, 1990). Such compounds are more or less intermediate
between the two main tannin types just mentioned, because they have gallic acid esterified
with one of the building stones of condensed tannins. Similar compounds occur in the
tannin-rich bark and pods of the highly polytypic Afroasian A. nilotica (Hussein Ayoub
1984; Malan 1991); in Africa extracts of pods and bark of this taxon have been tried as a
molluscicide. Roots and pods of a Prosopis taxon believed to be P. juliflora were inves-
tigated in India; they yielded besides PA several ellagitannins of a special type; ellagitan-
nins of this taxon were shown to contain esters of 0-methylated hexahydroxydiphenic acid
and glycosides of 0-methylated ellagic acids (Malhotra & Misra 1981, 1982, 1983). Tan-
nins are highly complex mixtures of polyphenolic compounds. Haslam suggested that the
term tannins should be replaced by plant polyphenols; to me this seems to be an inappro-
priate proposal, because many natural polyphenols differ profoundly in structure and
properties from the complex mixtures of compounds presently known as tannins. Many
aspects of tannin chemistry and biology are treated by Roux (1972), Roux & Ferreira
(1982), Haslam & Lilley (1985), Porter (1988), Hemingway & Karachesy (1989), Has-
lam (1989) and Ferreira et al. (1992).

Alkaloids: Many legumes contain alkaloids, and an astonishingly large number of alka-
loidal classes was detected hitherto in this taxon. However, the best known and most
widespread, the lysine-derived quinolizidines, the ornithine-derived pyrrolizidines and
the phenylalanine-tyrosine-derived erythrinanes are restricted to Papilionoideae. Mears &
Mabry (1971) comprehensively treated alkaloids of Leguminosae and Smolensky & King-
horn (1981) prepared a supplementing review of alkaloids of Caesalpinioideae and Mimo-
soideae. Many mimosoids accumulate appreciable to large amounts of simple amines de-
rived from phenylalanine, tyrosine (see also Smith 1977), tryptophan, and even histidine.
Such so-called biogenic amines are often biologically active compounds which can cause
troubles in man and cattle (e.g., Evans et al. 1979). They occur in bark, leaf, flowers,
pods and/or seeds in taxon-characteristic numbers and combinations in many species of
Acacia (Acacieae), but were detected also in species of Anadenanthera, Entada, Mimosa,
Monoschisma, Piptadenia and others (Mimoseae), Albizia, Calliandra, Pithecellobium and
others (Ingeae). Evans et al. showed that storage of up to 0.5% of N-methyltyramine in
seeds is a character of the pennata group of Bentham’s Acacia taxon Vulgares. Sometimes
biogenic amines of Mimosoideae are accompanied by simple true alkaloids which probably
arise by combining an amide with formaldehyde or acetaldehyde. Examples are calycoto-
mine (calicotomine) reported from Acacia concinna and harman- and norharman-type alka-
loids present in a number of species of Acacia, Anadenanthera (Piptadenia) and Prosopis
(Allen & Holmstedt 1980). An interesting group of alkaloids is represented by the 2,6-
dialkylated piperidines which occur in large numbers in members of the genera Cassia
(Caesalpinioideae) and Prosopis (Mimosoideae); they probably have an acetogenic origin
and may additionally include a dehydroindolizidine ring; examples of the latter variants are
the complex alkaloids juliprosopine (= juliflorine) and julifloricine of Prosopis juliflora
[see e.g. Roy. Soc. Chem.: Natural Products Reports 6 (1989) 529]. The series of homo-
logous monocyclic polyamines known as pithecolobine from Pithecellobium saman (Sa-
manea saman) and other Pithecellobium species and the chemically very similar budmunchi-
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amines from Albizia amara (Pezzuto et al. 1991) form another group of mimosaceous
alkaloids. Recently Tantisewie (1992) reported the isolation of an Equisetum-alkaloid,
palustrine, from Albizia myriophylla from Thailand; this is a dicyclic spermine derivative
and consequently another type of polyamine. In 1894 paucine was described as an alka-
loid from seeds of Pentaclethra macrophylla, also known as ‘pauco nuts’. Hollerbach &
Spiteller (1970) showed that it is monocaffeoylputrescine, and Mbadiwie (1973) prepared
it as a crystalline hydrochloride dihydrate in 1.4% yield from fresh seed kernels of Nigeria;
paucine is another amine derivative of mimosoids. Nicotine was detected in a few species
of Acacia; it may be present in appreciable amounts (A. concinna). Much information
about the nature and biological properties of plant constituents, including alkaloids of
many Mimosoideae, is given in the book of Collins et al. (1990). Hegnauer suggested in
1956 that Leguminosae seem to try out practically all known metabolic pathways leading
to alkaloid accumulation, but usually are not able to surmount the initial steps, if excep-
tion is made for the already mentioned quinolizidines, pyrrolizidines and erythrinanes of a
number of papilionoid taxa. Essentially this suggestion seems to be still valid.

Diterpenes and balsams: Certain woody legumes have a tendency to produce oleoresins
or balsams if the anatomical prerequisites, excretory cavities, exist. Such cavities may be
present in bark, wood, leaves and pods and occur predominantly in some tribes of Caesal-
pinioideae and Papilionoideae. However, oleoresins can also be deposited in woods with-
out excretory cavities. Products like balsam of copaiba and legume copals are predominant-
ly mixtures of diterpenoids and sesquiterpenes. They can be considered as sesquiterpene
analogues of the better known turpentines of conifers and certain Anacardiaceae which are
mixtures of diterpenoids and monoterpenes. Balsam of Peru and Balsam of Tolu are trau-
matic products containing mainly aromatic compounds; they are produced with members
of the papilionoid tribe Sophoreae and are not considered here. One gets the impression,
that balsam production in Detarieae (Caesalpinioideae) and gummosis which occurs fre-
quently in many mimosoid taxa are in some way vicarious processes. However, diter-
penes are by no means totally lacking in Mimosoideae. Langenheim (1981) reviewed ter-
penoids of Leguminosae, but his paper is far from comprehensive and new information
became available since it was written. Diterpenes are presently known from woody parts
(roots, stems, branchlets) of species of Plathymenia and Xylia (Mimoseae) and from several
Acacia taxa (Acacieae). Labdane-type diterpenes were isolated from a western Australian
taxon of Acacia (Foster et al. 1985). Xylia dolabriformis (= X. xylocarpa) yielded six
compounds with the pimarane-skeleton (Laidlaw & Morgan 1963), and three pimarane-
type diterpenes were isolated from root bark of Acacia leucophloea (Bansal et al. 1980).
Wood of Plathymenia foliolosa and P. reticulata contains methyl vinhaticoate and vinhaticyl
acetate, two cassanetype tricyclic diterpenes (Matos et al. 1984) and a clerodane-type com-
pound, CyoH340, called plathyterpol (King & Rodrigo 1967). Two derivatives of 7,8-
seco-cassane were isolated by Joshi et al. (1979) from roots of Acacia jacquemontii. It
should be mentioned at this point that the cassane-type of diterpenes is relatively frequent
in Caesalpinioideae as exemplified by the usually bitter caesalpins of seeds of Caesalpinia
taxa and by the main toxic ‘alkaloids’ of the genus Erythrophleum which are in fact dia-
cidic cassanoids esterified with N-methyl- or N,N-dimethylethanolamine (see for Ery-
throphleum chlorostachys Collins et al. 1990: 90, 144).
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Triterpenes and saponins: Saponins are common constituents of Leguminosae. A sur-
vey based on personal observations was published by Lindner (1946); he reported presence
of saponins in the mimosoid genera Acacia, Adenanthera, Albizia, Calliandra, Entada,
Enterolobium, Pithecellobium and Piptadenia. Sapogenins of Leguminosae are tetracyclic
(e.g. Astragalus) or pentacyclic triterpenes and exceptionally (Trigonella) Ca7-steroids.
Mimosoideae seem to be the saponin-richest taxon of legumes; they preferentially produce
saponins based on acidic derivatives of B-amyrin-type pentacyclic triterpenes; examples of
frequently encountered sapogenins are oleanolic acid and a number of oxygenated deriva-
tives and 18-epimers, such as acacic, echinocystic, entagenic, machaerinic and proceric
acid. Occasionally other triterpenic acids occur as sapogenins. Betulinic acid was observed
as sapogenin of a root saponin of Acacia leucophloea. 27-Hydroxybetulinic acid (cylico-
discic acid) and maslinic acid (2-hydroxyoleanolic acid) are sapogenins of the bark sapo-
nins of Cylicodiscus gabunensis (Tchivounda et al. 1990, 1991). Every part of a mimosa-
ceous plant may store appreciable to large amounts of saponins. Saponin-structures can be
simple to highly complex. Aridanin from pods of Tetrapleura tetraptera is a 3-monoglyco-
side of oleanolic acid; it is exceptional, however, that its single hexose is the aminosugar
N-acetylglucosamine (= 2-deoxy-2-acetoaminoglucose). Fruits of Enterolobium contorti-
siliquum yielded the 3-glucoside of 21-cinnamoylmachaerinic acid; in this instance the sa-
pogenin is an aromatic triterpene ester. Entadasaponin III (ES-III}, one of the main saponins
of the bark of Entada phaseoloides, illustrates the group of highly complex saponins. It is
a bisdesmosidic saponin with echinocystic acid as a sapogenin, a branched tetrasaccharid
containing one N-acetylglucosamine moiety linked with OH-3, and a branched biacylated
tetrasaccharide linked with the 28-carboxyl; one of the acyl groups is furnished by acetic
acid and the others by a monoterpene hydroxyacid. To my knowledge the soyasapogenol-
type hydroxylated B-amyrins which occur frequently as sapogenins in certain Papilionoi-
deae have not yet been detected in Mimosoideae. Excellent reviews of the chemistry and
distribution of triterpenic sapogenins and saponins of known structure exist: Hiller et al.
(1966-1980); Adler & Hiller (1985); ‘Saponin Reviews’ of Indian authors (1967-1991).
Usually saponins are present as complex mixtures in plant parts. Many individual saponins
are biologically active compounds. The use of a number of mimosoid crude drugs as pis-
cicides, soap substituents, molluscicides, anthelmintics and for several medical purposes
is probably based on certain of the saponins they contain. Free triterpenes, such as f-amyrin,
lupeol, betulin, taraxerol, friedelanol, friedelin and onocerol are widespread in Legumi-
nosae and usually represent part of cuticular and cork waxes and of other lipid fractions.

Some erratically occurring and/or toxic constituents: Anthraquinones are common
constituents of the caesalpinioid genus Cassia; recently galangin-3-rhamnoside and 3 anthra-
quinone rhamnosides were isolated from roots of Acacia leucophloea; one of the anthra-
glycosides, 1,3,5-trihydroxy- 8-methoxy-2-methylanthraquinone-3-rhamnoside, was al-
ready known from the bark of Melia azedarach; the two others have similar substitution
patterns (Saxena & Srivastava 1986). Wood of Australian Acacia melanoxylon has aller-
genic properties; the causative principles were shown to be 2,6-dimethoxybenzoquinone
and the more active phenylpropanoid benzofuranoquinone acamelin with the chemical
name 6-methoxy-2-methyldihydrobenzofuran-4,7-dione (Schmalle & Hausen 1980).
Roots of Acacia jacquemontii yielded tectol (Joshi et al. 1979), a dimer derived from the
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naphthoquinone deoxylapachol, it is therefore possible that this taxon also has allergenic
properties. Lignans, (C¢-C3)2, are rarely present in appreciable amounts in Legumino-
sae; this perhaps is not astonishing in a taxon accumulating huge amounts of flavans and
flavonoid (Cg-C3-Cs) compounds. Small amounts of a series of lignan glycosides and
related phenolic constituents were isolated from the bark of Albizia julibrissin which is a
crude drug of Chinese medicine (Higuchi et al. 1992a). Bark of Acacia tortilis subsp.
raddiana (called ‘Qurac’) is used as an antiasthmatic in Somalia; it yielded the diphenyl-
propane-2-ol derivatives quaracol A and B as active principles (Hagos et al. 1987); similar
compounds are the virolanols from wood of Virola elongata (Myristicaceae), where they
co-occur with the related 5-deoxy catechin (-)-fisetinidol; the latter is also present in Acacia
mearnsii and other mimosoids. Phaseoloidin is a glucoside of homogentisic acid (= 2,5-
dihydroxyphenylacetic acid) of seeds of Entada phaseoloides (Barua et al. 1988); it is
accompanied by the 5-butylether and by the free acids and a glucoside of entadamide A
(Dai et al. 1991). The entadamides A to C are amides of cysteine and 2,3-dehydrocys-
teine derivatives with ethanolamine; they were isolated from seed kernels and leaves of
Entada scandens (Ikegami et al. 1985, 1987, 1989). (+)-Acacialactam, C1gHsNO, is a
3,7-dimethyl-7-vinyl-tetrahydroazepin-2-one; it was isolated from seeds of Acacia con-
cinna which have medical uses in Thailand (Sekine et al. 1989). Pyridoxine, a pyridine
derivative, is known as vitamin Bg; it is a vital coenzyme; its 4’-methylether,3-hydroxy-
5-hydroxymethyl-4-methoxymethyl-2-methylpyridine, is a vitamin B¢ antagonist and
known as a neurotoxin. This compound was isolated from Albizia tanganyicensis, its
3-glucoside is present in seeds of Albizia lucida (= A. lucidior) (Orsini et al. 1989), and
together with two apiose containing biosides, julibrine I and II, in the bark of Albizia juli-
brissin; julibrine II has a cardiotoxic effect in frogs (Higuchi et al. 1992b). Similar pyri-
doxine antagonists may be widespread in plants, but seldom be stored in amounts that
render them toxic; the first isolation of the 4’-methylether of pyridoxine was performed
with seeds of Ginkgo biloba which can produce symptoms of poisoning when consumed
in too large amounts in Japan. Mimosoids causing sometimes poisoning of sheep and
cattle in Australia are Neptunia amplexicaulis, a selenium accumulator, and Acacia georgi-
nae, which is able to produce large amounts of fluoroacetate and to deposit it in leaves,
pods and seeds (Everist 1981). Many species of Acacia can be toxic to cattle in Africa,
Australia and the Americas, because they accumulate cyanogenic glycosides in leaves
and pods. A comprehensive review of the distribution of cyanogenesis and cyanogenic
compounds in Leguminosae was published by Seigler et al. (1989). In the genus Acacia
several pathways to cyanogenic glycosides are realized. Australian species of subgenus
Heterophyllum Vassal (= subg. Phyllodineae) use the phenylalanine pathway and produce
prunasin or sambunigrin, and African, Asian and American species of subgenus Acacia
use aliphatic amino acids. Those starting with valine and isoleucine store linamarin and
lotaustralin and those making use of leucine accumulate proacacipetalin- and 3-hydroxy-
heterodendrin-type cyanogenic glycosides. In this instance “the distribution of the major
pathways leading to production of cyanogenic compounds ... generally correlates with
currently accepted taxonomic concepts” (Seigler et al. 1989).

Phytoalexin-production is widespread in Leguminosae, but has not yet been traced in
Mimosoideae (Ingham 1981).
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Nyctinastins: Many Leguminosae are able to close their leaves by movements which
are either periodical (‘sleeping’ positions of leaves and leaflets during night) or abrupt in
sensitive plants like Mimosa pudica. The chemistry underlying leaf movement processes
was studied by Schildknecht and his group (Schildknecht et al. 1982, 1986), Bielenberg
et al. (1984) and Miyoshi et al. (1987), and the daily leaf movements were analyzed by
Herbert (1989). It became clear that nyctinastic movements are based on a complex stim-
ulation chain having many members. Some of these members were identified by Schild-
knecht’s group as free amino acids (alanine and glutamic acid), (+)-pinitol acetate, gentisic
acid 5-bioside (LMF1), two cyclic nucleotides (LMF2 and 3) and six acidic sulfates of
monoglucosides or monoallosides of gallic and 4-hydroxybenzoic acid (PLMF1 to 6).
Later Miyoshi et al. (1987) showed that potassium chelidonate is also involved in leaf-
closing of Mimosa pudica and other Leguminosae, and that different species of nyctinastic
legumes react differently to the already known turgorines.

Nodulation and symbiotic nitrogen-fixation: Most leguminous plants are able to colla-
borate with Rhizobium-type bacteria to gain essential nitrogen-containing compounds
from atmospheric nitrogen. This symbiotic nitrogen-fixation takes place in root nodules,
whose taxonomic aspects were discussed by Corby (1981). Verma & Stanley (1989) state
“Thus coevolution in plant and bacteria has given rise to present-day legumes.” For com-
prehensive reviews of many aspects of the highly complex processes of legume nodulation
and subsequent nitrogen-fixation see Summerfield & Bunting (1980), Allen & Allen (1981)
and the first three chapters in Poulton et al. (1989). Consult Rao (1990) for the role of
flavonoid root exudates of legumes as initiators of nodulation. The fact that 40-65% of
organic nitrogen present in Prosopis growing in the Sonoran desert of Southern California
is derived from symbiotic nitrogen fixation (Kohl & Shearer 1989) illustrates the enormous
importance of legumes for soil amelioration, agroforestry and protein production.
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KEY 1 TO THE GENERA
(based primarily on vegetative as well as on flower and fruit characters)

Terminal pair of pinnae transformed into tendrils. — Lianas or shrubs with climbing
branches . ... ... . i i i e Entada (p. 176)

. Terminal pair of pinnae provided with unipinnate leaflets. — Trees, shrubs, or lianas 2
2a.

Leaves apparently simple, being modified to phyllodes (also cultivated)
Acacia p.p. (p. 34)

. Leavesuni-orbipinnate. . ... ..... .. . . i i e e 3
Leaves unipinnate (cultivated) . ......ooviiiiininnnninnne, Inga Mill.
. Leaves bipinnate (unifoliolate leaves with two joints on the leaflet stalk) ... .. 4
Leaves without extrafloral nectaries on petioles, rachises and pinnae . . ... ... 5
. Leaves with extrafloral nectaries on petioles, rachises and/or pinnae . . . ... .. 13
Stemsunarmed . ... i e i e ittt e 6
SStemsarmed . ..o i e e e et e e 12

Climber (with leaves sensitive to the touch) (also cultivated)
Mimosa (M. diplotricha var. inermis) (p. 185)

CEBrecttrees Or ShIubS & . . o vt it ittt i e e e e e e e 7
Ta.

Leaflets 11/, or 2 pairs per pinna, proximal leaflets most often unpaired
Archidendron (A. rrifoliolatum) (p. 120)

. Leafletsmore than 6 pairs perpinna. . . . .. oo v vt v iie e it ienvnennnn 8
Leaflets alternate. Seeds red or partly red (also cultivated) Adenanthera (p. 165)
. Leaflets OppOSIte .« . o v i i e i e e et e 9
Juvenile shoots, inflorescence and leaves covered by stellate hairs. Introduced from
Brazil . ... i i e e Mimosa (M. scabrella Benth.)
. Plant withoutstellate hairs . . . ... .. .. ittt it ittt tinennnns 10

Stamens 8. Valves of fruits forming one-seeded segments at maturity, leaving the
sutures as an empty frame (cultivated) ..... Mimosa (M. bimucronata) (p. 184)
Stamens numerous. Valves of fruits not forming one-seeded segments at maturity 11
Stamens united at the base, bright red or pink at least distally. Fruit with two thick-
ened margins, elastically dehiscing from the apex (cultivated) . . . Calliandra Benth.

. Stamens free to the base, white. Fruit without thickened margins, not elastically

dehiscing from the apex (cultivated) ......... Acacia [A. glauca (L.) Moench.]
Fruit * separating in individual segments or if central part of fruit separating as one
piece, then peduncle not prickly. Stems hairy or bristly (in Malesia)

Mimosa (p. 183)

. Fruit valves each separating as one unit from a % persistent replum; peduncle prick-

ly. Stems glabrous (in cultivated species) ................ Schrankia Willd.
Stemsarmed. . . ... 0 i e e e i e e e e e 14
Stemsunarmed. . . ... i i e e i e et e 22

Stems armed by a single, recurved prickle from the base of the leaf-scar
Albizia p.p. (p.64)

. Stems without a single, recurved prickle. . . . ........ ... . .o ... 15
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15a.

22a.

25a.

26a.

27a.

Short-shoots terminated by spines or composed of many persistent fused stipules

and (sometimes) bracts. Fruits erect, oblanceolate and opening from the apex.

Neuter or non-functional male flowers at the base of the inflorescence
Dichrostachys (p. 174)

. Short-shoots without terminal spines . . . .. . oot iii it it eeanenn. 16
16a.

Stems armed with recurved prickles at the internodes or prickles paired just below
thenodes ......covvvivinnnnnnnn Acacia (subg. Aculeiferum) (p.47)

. Stems armed with spinescent stipules. ....... N Ch et 17
17a.

Stipules recurved and hook-like. Flowers in corymbs
Albizia (A. pedicellata) (p.78)

. Stipules * straight and erect. Flowers in glomerules or spikes ............ 18
18a.
. Flowers in glomerules orumbels ....... et ar et 20
19a.
. Fruits drupaceous. Stamens 10 ............c0.0. Ceeenan .. Prosopis L.
20a.

Flowersinspikes......ccoovvviv e et ier et 19
Fruits chartaceous. Stamens 15 (also cultlvated) ......... Acacia p.p. (p. 34)

Leaves with 1 pair of pinnae, each pinna with 1 pair of leaflets (also cultivated)
Pithecellobium (p. 154)

. Leaves with more than 2 pairs of leafletsoneachpinna................. 21
21a.

Flowers heteromorphic within the same inflorescence unit; filaments united in a tube.
Pods brown, falling apart in one-seeded indehiscent segments Cathormion (p. 143)

. Flowers uniform, filaments free. Pod rarely moniliform and, if so, greyish (also

cultivated) .. ...ttt i it it Acacia (subg. Acacia) (p.44)
Pinnae unifoliolate, i.e. with a single leaflet and with two scars on the stalk
Archidendron ser. Morolobiae (p. 135)

. Pinnae with at leastone pairofleaflets . . ... ........ ... i 23
23a.
CTreesorshrubs . ..o it i i i ittt e e e 25
24a.

Aquaticorterrestrialherbs . . . v .o i i e e 24

Stipules subulate. Fruits subsessile, linear, with oblique or longitudinal seeds (cul-
HVALEd) v vttt it it i i i e et i e Desmanthus Willd.

. Stipules ovate to lanceolate, striately veined. Fruits stipitate, narrowly to broadly

oblong with seeds t transverse ..................... Neptunia (p. 186)
Inflorescences consisting of pedunculate pendulous clavate heads, receptacle enlarg-
ing in the fruiting stage (also cultivated) .................. Parkia (p. 193)

. Inflorescences pendulous or not, not consisting of clavate heads, receptacle not en-

larging in the fruiting stage. . . ... ..o it i i e e e 26
Leaflets alternate, except perhaps for the distal two (always more than two alternate
PASPEIPINNA) . v v vttt ittt et onenttnaeeannsesntenonnnnnnes 27

. Leaflets opposite, if only two pairs of leaflets per pinna the proximal pair rarely al-

BEIMAIE & vttt e v e aecnsoonnenesoonansonennsonsnssssennas 28
Leaflets petiolulate. Flowers in pedunculate axillary corymbs. Pods curved into a
circle or contorted, reddish inside, dehiscent ....... Pararchidendron (p. 145)

. Leaflets sessile. Flowers in compound inflorescences. Pods straight, not reddish in-

side, usually indehiscent (or tardily dehiscent) .......... Serianthes (p. 157)
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28a. Specimenflowering ........ ...t i e 29
b. Specimeninfruit . . ..o vttt i e i i i i e 55
20a, Stamens 10, fTee . .. v i i i ittt ittt e et e 30
b. Stamensmorethan 10. . .. ... . ittt i e 33
30a. Anther-glandsabsent. . . ... ... ... . i i e i 31
b. Anther-glands present . . . .. v vt ittt i i i it i e 32
31a. Leaflets broadly elliptic(-lanceolate), 3.8—14 by 2.4—6.7 cm. Anthers glabrous (cul-
tivated) ..ttt i i i i et Xylia Benth.
b. Leaflets linear or linear-oblong, 0.6-2.1 by 0.15-0.5 cm. Anthers hairy (also cul-
190071 1< | T O Leucaena (p. 182)
32a. Leaflets broadly elliptic(-lanceolate), 3.8-14 by 24-6.7cm ...... Xylia Benth.
b. Leaflets oblong .......... ..., Schleinitzia (p. 190)
33a. Filaments free (cultivated) ........ Acacia [sect. Botrycephalae (Benth.) Taub.]
b. Filaments united, forming a tube (ribe Ingeae) ............ ... ... ... 34
34a. Flowers uniform within an inflorescence unit, i.e. without an enlarged central flower
withanintrastaminal disC. . . . ..o ittt it i i i e e e 35
b. Flowers heteromorphic within an inflorescence unit . .. ................ 54
35a. Inflorescences Simple . . ... vv ittt ittt i e 36
b. Inflorescencescompound. . . . ... ottt i e i i e 42
36a. Flowers subtended by bracts with an extrafloral nectary .. Archidendron (p. 86)
b. Flowers subtended by eglandular bracts or bracts inconspicuous. .. ........ 37
37a. Inflorescence pendulous ..........ccvvviinun... Archidendron (p. 86)
b. Inflorescenceerect . . ... cv vttt e et et e 38
38a. Leafletssessile. ..« oo v ittt ittt i i e e 39
b. Leafletsstalked ... ... iinriininiiiiiienanananneeranens 40
39a. Stipules present in the mature plant . ... Paraserianthes (P. lophantha) (p. 149)
b. Stipules absent in the mature plant .......... Archidendropsis p.p. (p. 141)
40a. Flowerspedicellate . . ... oo vi ittt it i e 41
b. Flowers sessile .. ..........c.ccievnn. Archidendropsis p.p. (p. 141)
4la. Ovary solitary .........cviviiiinnnnn.. Wallaceodendron (p. 162)
b. Ovaries 3—5perflower ................. Archidendropsis p.p. (p. 141)
42a. Flowers subtended by bracts with an extrafloral nectary .. Archidendron (p. 86)
b. Flowers not subtended by persistent bracts with nectaries . .............. 43
43a. Basic unit of inflorescence aracemeoraspike. . . .. ... vv ettt 44
b. Basic unit of inflorescence a glomerule, corymboranumbel ............. 46
44a. Stipules visible in the mature plant, basic unit of inflorescence a raceme
Archidendropsis (A. sepikensis) (p. 142)
b. Stipules notvisibleinthematureplant . . ... ... ... i .. 45
45a. Basic unit of inflorescence a spike (flowers sessile) Paraserianthes p.p. (p. 148)
b. Basic unit of inflorescence a raceme (flowers pedicellate)
Archidendron p.p. (p. 86)
46a. Flowers pedicellate .........cccvvuviennnn Archidendron p.p. (p. 86)
b. Flowers sessile . ... cvviiiininiiiiieiieieeeeneronneeenennnns 47



Nielsen — Mimosaceae (Leguminosae—Mimosoideae) 31

47a.
b.
48a.

b.
49a.

50a.

51a.

54a.
. Central flower with 5 perianth segments (also cultivated) ... Albizia p.p. (p.64)
55a.
.Seedswithpleurogram .. ...... ..ottt it iiiein it enneanns 57
56a.

57a.

58a.
. Endocarp not forming one-seeded envelopes ........ Paraserianthes (p. 148)
59a.

Leafletssessile. . oo v vv it iiiinn ittt ittt ittt nenenn 48
Leafletspetiolulate . . ...ttt i i i i i e 51
Main vein of leaflets diagonal or nearly so. Glomerules of 2 or 3 flowers
Archidendron (A. contortum) (p. 100)
Main vein of leaflets not diagonal. Glomerules of more than 10 flowers. .. ... 49
Petiolar gland bow!-shaped, margin with sharp rim
Albizia (A. westerhuisii) (p.85)
Petiolar gland circular to elliptic, raised or flat, without sharprim . .. ....... 50
Calyx 1-1.5 mm, puberulous to tomentose all over
Albizia (A. lebbekoides) (p.76)
Calyx c. 2.5 mm, pubescent especially at the apex of the lobes (cultivated)
Enterolobium Mart. [E. cyclocarpum (Jacq.) Griseb.]
Staminal tube equalling or shorter than the corolla tube
Archidendron p.p. (p. 86)

. Staminal tube longer than the corolla tube, sometimes longer than the corolla 52

52a.
. Ovary sessile (not known in Archidendron novoguineense) . . . .. ......... 53
53a.

Ovary stipitate .....ovvvviiiieivineenannns Archidendron p.p. (p.86)

Corolla 15 mm long. Leaves with 1 or 2 pairs of pinnae
Archidendron (A. syringifolium) (p. 120)

. Corolla up to 7(-8) mm long. Leaves with (2-)3—6 pairs of pinnae (also cultivat-

T ) Albizia p.p. (p.64)
Central flower with 7 or 8 perianth segments (also cultivated) . Samanea (p. 155)

Seeds withoutpleurogram . .. ... ..o iv it in ittt 56
Pods usually spirally contorted, reddish orange especially on the inner surface with

contrasting bluish black seeds, if straight then turgid with disc-like or bitruncate
SEEAS v ittt i e i ittt e e e e Archidendron (p. 86)

. Pods (not known mature in Malesian species) straight and flattened, brownish.

Seeds presumably brown, strongly flattened, coin-like, with a narrow wing
Archidendropsis (p. 141)

Infructescence unit a spike or a raceme (i.e. rachis prolonged with spaced, scattered

scarsof fallen floOWers) . .. v v i it ittt it ittt i ettt 58

. Infructescence unit a glomerule or a corymb (i.e. rachis short, with closely set scars

of thefallen flowers) . . . .o v ittt ittt it ettt enseeeronsanennens 59
Endocarp forming one-seeded envelopes ........ Wallaceodendron (p. 162)

Seeds with horseshoe-shaped, double pleurogram on each side
Albizia p.p. (p.64)

. Seeds with a single pleurogramoneachside . . .. ....... ... o . 60
60a.

Fruits splitting along both margins for a short distance to let the seeds escape, but
not fully opening; withtwowings ................. Schleinitzia (p. 190)
Fruits either indehiscent or fully dehiscent, not winged . ... ............. 61
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61a.

64a.

65a.
. Seeds arranged obliquely, endosperm present. Fruit valves ridged within

la.
2a.

3a.

4a.

5a.

6a.

7a.
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Fruits almost moniliform, 5—8 mm wide; leaflets very small, 0.5-0.75 mm wide
(cultivated) ......cocvvveneens Acacia [sect. Botrycephalae (Benth.) Taub.]

. Fruits not moniliform; fruits and leafletslarger ................ . ..., 62
62a.
. Fruits not internally segmented, dehiscent or indehiscent ............... 64
63a.

Fruits internally segmented by septae formed by the endocarp, indehiscent. ... 63

Fruits + straight; seeds uniserially arranged, set in a brownish pulp (also cultivated)
Samanea (p. 155)

. Fruits curved in a flat plane into a complete circle; seeds biseriate, without pulp (cul-

tivated) ... oo i i e Enterolobium Mart.
Pods woody, formed as a boomerang (cultivated) .............. Xylia Benth.
. Pods membranous to coriaceous,oblong ... ..... . ittt 65

Seeds transverse, endosperm absent. Endocarp not ridged within . Albizia (p. 64)
Leucaena (p. 182)

KEY 2 TO THE GENERA
(based primarily on flower, fruit, and seed characters)

Calyx lobes imbricateinbud ............ ..o vt Parkia (p. 193)
Calyxlobesvalvateinbud . . . ... .o ittt i i i e 2
Stamens 10 0r1ess, free. o v v v vt it i i ittt e e 3
.Stamensmorethan 15. . ... L i i e e e e 14
Sterile or non-functional male flowers at base of inflorescence, the sterile flowers
withlong staminodes . ... .. .v ittt ittt i i e e e 4
Sterile flowers without staminodes ............ ittt 6
Short-shoots terminated by spines or composed of many persistent fused stipules
and (sometimes) bracts .......... v evtiitnnnn. Dichrostachys (p. 174)
. Short-shoots without terminal spines . . . .. ... ...ccverieeeennnnnnnn 5
Stipules subulate. Fruits subsessile, linear, with oblique or longitudinal seeds
Desmanthus Willd.
. Stipules ovate to lanceolate, striately veined. Fruits stipitate, narrowly to broadly
oblong, seeds more or less tranSverse .......cocveeeuen Neptunia (p. 186)
Shrubs or small trees armed with stipular spines or scattered spines, or with spine-
tipped branches. Extrafloral nectaries generally present ........... Prosopis L.

. Plants unarmed or armed with + recurved prickles (then extrafloral nectaries ab-

73 11 1O 7
Flowers in glomerules, with persistent spathulate or peltate bracts. Fruits papery to
semicoriaceous, dehiscing down both sutures or opening along the margins only.
Seeds compressed butnotflat. . . .. ..o i i i e 8

. Flowers in spikes or, if in glomerules, then fruits otherwise. . . .. ......... 9
8a.
. Anther glands present. Fruit valves * winged, splitting at edges but not separating

Anther glands absent. Fruit valves separating, unwinged .... Leucaena (p. 182)

over the seed chambers ..........cvvvviiieiennn Schleinitzia (p. 190)
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9a. Leafletsalternate ...........coiiuivenrecconnns Adenanthera (p. 165)
b. Leaflets Opposite. . v v v v ittt i i e i e 10
10a. Plants unarmed. . . oo v vi i in ittt e e it et e 11
b. Plants armed with prickleson theinternodes . . ... ..o v v v e ina i 13
11a. Scandent shrubs or lianas. The distal pair of pinnae transformed into tendrils. Flow-
ersin spikes ... i i i i i i e e Entada (p. 176)
b. Trees or erect shrubs, Flowersin glomerules. . ... ... .o iiiiiiannnn 12
12a. Valves of fruit forming one-seeded segments at maturity leaving the sutures as an
empty frame ........iiiiiiiei it Mimosa p.p. (p. 183)
b. Valves of fruit not forming one-seeded segments (India-Thailand, Indochina)
Xylia [X. xylocarpa (Roxb.) Taub.]
13a. Fruit * separating into individual segments to leave a persistent replum or if central
part of pod separating as one piece the peduncle not prickly . ... Mimosa (p. 183)
b. Valves of fruit separating as one unit from a % persistent replum. Peduncle prickly
Schrankia Willd.
14a. Filaments free or shortly united at the baseonly ............. Acacia (p. 34)
b. Filaments united into a tube in the proximalpart .............c.00v0ann 15
15a. Leaves unipinnate ... ....oviuiiiniininrnrnrnenasasonnnns Inga Mill.
b. Leavesbipinnate ........cciiiiiiiiiiiierinnerannnncnacnnns 16
16a. Leaflets opposite or pinnae unifoliolate, proximal pair of leaflets rarely alternate, or
leaflet unpaired ...... ..ottt i it 17
b. Leaflets alternate except perhaps the distal two; pinnae never unifoliolate . . . .. 27
17a. Stipules spinescent, or branches armed with spines ................... 18
b. Stipules not spinescent, in one case recurved and persisting; plants unarmed. . . 19
18a. Plants with ramous spines. Fruits falling apart in one-seeded segments. Seeds with-
out aril ...t i i it et i Cathormion (p. 143)
b. Plants with stipular spines. Fruits dehiscing along the sutures. Seeds with fleshy,
funiculararil .......c0iiiiiveneiinnerenans Pithecellobium (p. 154)
19a, Seedswithpleurogram . ........ .ottt iininnnnoneionnnnneans 20
b. Seeds withoutpleurogram .. .....v ittt iiii it ntotarasenas 26
20a. Valves of fruit dehiscing elastically from the apex, recurving, margins thickened
Calliandra Benth,
b. Valves of fruit not dehiscing elastically from the apex, margins not or only slightly
thickened. . .. vvii it i i i i i i ittt it 21
21a. Flowersin glomerulesorcorymbs. . . .« . v vvvintiennenronnnonnanns 22
b. Flowersinracemes orSpikes . . .. v v v v vvivintcnn st esennnenss 25
22a, Flowers of the same inflorescence unituniform . ... ... ... . oot 23
b. Flowers of the same inflorescence unit heteromorphic. . . .........cvv... 24
23a. Fruits woody, curved or curled, indehiscent. Seeds biserially arranged
Enterolobium Mart.
b. Fruits membranous-chartaceous, straight, dehiscent. Seeds uniserially arranged

24a.

Albizia (p.64)
Fru