
treatment of seeds before sowing is not neces-
sary. Wildlings are sometimes used for plant-
Ing

Management Diospyros o6yssin"co trees can
be managed by pruning, pollarding and coppic-
Ing

Diseases and pests In mature trees, buttrot
seems common. The fruits of Diospyros o6ys-
sinico are susceptible to attacks by the Medi-
terranean fruit fly (Cerotitis copttoto), which is
a pest of many fruitcrops

Genetic resources In view of its wide dis-
tribution in tropical Africa and its occurrence
in various habitats, Diospyros o6yssinico does
not seem to be threatened by genetic erosion
However, in many regions in West Africa it is
uncommon. There are no indications of overex-

PIOitation or unsustainable usage.
Prospects The wood of Diospyros abyssinico

is presently not commercially Important. The
heartwood has not the dark colour and high
durability of other Diospyros spp. , butthe wood
is locally important for domestic uses. The me-
dicinal properties are promising and more re-
search is recommended on pharmacological
activities in relation to drug development

Major references Beentje, 1994; Bolza &
Keating, 1972; Dale & Greenway, 1961; Ka-
tende, Birnie & Tengn6. s, 1995; Keay, 1989;
Maiga at a1. , 2006; Noad & Birnie, 1989; Coa-
tes Palgrave, 1983; White, 1983; White, 1988.

Other references Aubr6ville, 1959c; Bekele-
Tesemma, 2007; Burki11, 1994; Bussmann,
2000; Chikamai at al. , undated; Dakora, 1995;
Duncan & Duncan, 2000; Hawthorne, 1995;
Hawthorne & Jongkind, 2006; Irvine, 1961;
Lieberman & Li, 1992; Maundu at a1. , 2001;
Neuwinger, 2000; 0d10, 2009; Swame, Lieber-
man & Hall, 1990; Takahashi, 1978; White,
1956; White, 1987

Sources of illustration Hawthorne & Jong-
kind, 2006; Noad & Birnie, 1989; White, 1987

Authors E. A. Obeng
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Diospyros crossiftoro- wild

east to the Central African Republic, and south
to Gabon and DR Congo

Uses The black heartwood (traded from Ca-
meroon as 'mevini', from Equatorial Guinea as
'6bano' and from Gabon as 'evila') is used for
heavy flooring, interior trim, ship building,
vehicle bodies, furniture, cabinet making, inu-
siCalinstruments (especially the black keys of
pianos, but also guitar fingerboards), precision

knife-handlesequipment, turnery, carvings,
and brush backs. The sapwood and sometimes
also the heartwood is used for poles, posts, ve-
hicle bodies, agricultural Implements, toys,
novelties, sporting goods, combs, ladders, box-
es, crates, crossbows, veneer and plywood. The
wood is also used as firewood

In traditional medicine, a bark decoction is
drunk and used as a wash to treat ovarian

problems, and the bark powder Is applied to
heal sores and wounds. The leaf sap Is applied
as eye drops to treat eye inflammations. In
Gabon the bark is used in a mixture with the
heartwood of Pterocorpus soyou"it Taub. to
treat yaws.

Production and international trade The

wood of Diospyros crossifioro is considered the
true ebony of commerce from Africa and has
been for a long time an important export prod-
uct from Nigeria, Gamero0n and Gabon. The
total volumes exported from these countries
are unknown, but are low at present because of
dwindling stands. In the 1960s around 70 ms of
wood were exported annually from Cameroon
and 56 ms in 1972, and in 1960 Gabon exported
130 ina and in 1994 35 m'. Currently, export
and utilization of the wood requires special
permission in Cameroon. DR Congo is consid-

..
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DIOSPYROS CRASSIFLORAHiern

Protologue Monogr. Eben. : 260 (1873);
Trans. Camb. Phil. SOC. 12: 260 (1873)

Family Ebenaceae
Vernacular names African ebony, West

African ebony, Benin ebony (En). Ebbne
d'Amque, ebbne noir, 6b6nier veritable du Ga-
bon (Fr)

Origin and geographic distribution Diospy-
ros crossiftoro occurs from southern Nigeria

..
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ered the major exporter at present. The high-
quality carvings are in great demand by tour-
1sts

Properties The heartwood is jet-black to
black-brown or dark brown with black streaks
It Is distinctly demarcated from the sapwood,
which is pinkish to pale red after cutting dark-
ening to pale reddish brown upon exposure,
and up to 12 cm thick. The grain is straight,
occasionally interlocked or curly, texture fine.
The wood is heavy with a density of 900-1010
kg/in' at 12% moisture content. It air dries
slowly, with high risks of distortion and check-
ing, but in small dimensions it may dry fairly
rapidly and with little degrade. The rates of
shrinkage are high, from green to 12% ino1s-
ture content about 5.5% radial and 6.5% tan-
gential and from green to oven dry 7.0% radial
and 11.0% tangential. Once dried, the wood is
often poorly stable in service.
At 12% moisture content, the modulus of rup-
ture is 130-179 N/mm2, modulus of elasticity
15,500-18,900 N/mm2, compression parallelto
grain 58-88 N/min2, shear 17 N/min, Janka
side hardness 14,320 N and Morinin hardness
7.0.

The wood is difficult to saw and work, with
serious dulling effect on saws and cutting edg-
es. Stellite-tipped sawteeth and tungsten-
carbide cutting tools are recommended, and
powerful machines are needed for machining.
The wood surfaces take an excellent polish, but
picking up of interlocked or curly grain may
occur in planing and a reduced cutting angle is
recommended. The wood has a tendency to
split upon nailing, and pre-boring is advised. It
has good slicing properties, but powerful ina-
chines are needed. The gluing properties are
satisfactory. A preliminary surface treatment
with alcoholis recommended for coatings. The
wood is moderately durable, being moderately
resistant to termite attack, but susceptible to
pinhole borers and marine borers attacks. It is
extremely resistant to preservative treatment
Saw dust may cause allergic contact dermatitis
in wood workers

The stem bark showed significant in-vitro an-
tibacterial and antifungal activities. Plum-
bagin, cyclocanaliculatin, gerberinol, Iupeol,
Iupenone and betulinic acid have been isolated
from the stem bark, and the naphthoquinone
CTassiflorone has also been isolated. Some of
these compounds have also shown antibacterial
and antifungal properties.

Adulterations and substitutes The wood
of Diospyros crossi/10ro is often mixed with

that of other African Diospyros spp. with black-
ish heartwood such as Diospyros mespiltformts
Hochst. ex ADC. African blackwood (from DoI-
bergio melonoxylon Guill. & Perr. ) resembles
the wood of Diospyros crossi/1070 and is used
for similar purposes.

Description Dioecious medium-sized tree
up to 25 in tall; hole cylindrical or fluted,
branchless for up to 15 in, up to 120 cm in di-
ameter, without buttresses; bark surface with
fine longitudinal fissures, exfoliating in rather
thick scales, blackish grey to black, inner bark
black and brittle in outer layer, pale salmon
pink with creamy streaks in inner layer;
branches reddish grey-brown, with longitudi-
nalcracks; young twigs glabrous. Leaves alter-
nate, simple and entire; stipules absent; petiole
up to 1.5 cm long, grooved above, nearly gla-
brous; blade lanceolate-elliptical to oblong-
elliptical, 10-21 cm x 4-10 cm, curieate to
rounded and slightly asymmetrical at base,
abruptly acuminate at apex, thin-leathery,
nearly glabrous, glossy dark green above, paler
below, pinnately veined with 5-8 pairs of Iat-
eral veins, finest veins perpendicular to lateral
veins. Inflorescence an axillary fascicle, often
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on older branches, 3-6-flowered for male inflo-
I-2-flowered for female one. Flowersrescence,

unisexual, regular, nearly sessile; calyx fleshy,
up to 10 mm long, pinkish red, with tube
slightly longer than the (4-)5 lobes; corolla 2.5-
3 cm long, fleshy, short-hairy, pinkish white,
with ellipsoid tube and 4-6 short lobes; male
flowers with numerous stamens up to 1.5 cm
long, with very short filaments, ovary rudimen-
tary; female flowers with rudimentary sta-
mens, ovary superior, globose, c. 5 mm in di-
ameter, 8-10-celled, styles 4-5. Fruit an errip-
sold to obovoid berry, up to 10 cm x 6.5 cm,
sparsely hairy to glabrous, yellowish when
ripe, enclosed at base by enlarged calyx up to 4
cm in diameter, up to 10-seeded. Seeds oblong,
up to 5 cm x 2 cm x 1.5 cm, glossy brown to
black.

Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in tropical Africa about 90 species occur and
several produce valuable timber or edible
fruits

Anatomy Wood-anatointcal description (IAWA
hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
intervessel pits alternate; (23: shape of alter-
nate pits polygonal); 25: intervessel pits small
(4-7 pin); 30: vessel-ray pits with distinct bor-
ders; similar to intervessel pits in slze and
shape throughout the ray cell; 41: mean tan-
gential diameter of vessellumina 50-100 prn;
47: 5-20 vessels per square minimetre; 58
gums and other deposits in heartwood vessels
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial pa-
renchyma: 77: axial parenchyma diffuse-in-
aggregates; 78: axial parenchyma scanty para-
tracheal; 86: axial parenchyma in narrow
bands or lines up to three cells wide; 87: axial
parenchyma Teticulate; 92: four (3-4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchyma strand. Rays: 96: rays exclusively
uniseriate; 97: ray width I-3 cells; 106: body
ray cells procumbent with one row of upright
and/or square marginal ceUs; 107: body ray
cells procumbent with mostly 2-4 rows of up-
right and/or square marginal cells; 108: body
ray cells procumbent with over 4 rows of up-
right and/or square marginal cells; (109: rays
with procumbent, square and upright cells
mixed throughout the ray); (1/3: disjunctive

ray parenchyma cell walls present); 116: 2 12
rays per min. Mineral inclusions: 136: pris-
matic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells.
co. E. Mwakalukwa, P. E. Gasson & E. A. Wheeler)

Growth and development Diospyros eros-
sinoro is slow growing. In natural forest in
Gamero0n the mean diameter growth was 4.5
mm/yearfor trees with a mean height of 14.5 in
and a mean age of 50 years. However, two trees
measured over a period of 10 years in central
Gabon had an average annual growth rate of
only I mm in diameter. In a 50-years-old plan-
tation in Gamero0n, dominant trees were on
average 24 in tall and 22 cm in hole diameter,
whereas the standing volume was estimated at
320 in31ha.

In Cameroon flowering of trees has been rec-
orded from February to May, in Gabon from
September to October. Fruits ripen about 6
months later. They are eaten by animals,
which probably serve as seed dispersers.

Ecology Diospyros crossiftoro occurs in low-
land semi-deciduous and evergreen forest up to
1000 in altitude, but usually avoids the most
humid forest types

Management Diospyros crossi/1070 is in
general uncommon in the forest, usually occur-
ring as isolated trees or in small groups of 2-3
In western Cameroon the average wood volume
of holes of more than 15 cm diameter was rec-
orded as 0.25 in31ha. Trees coppice well.

Diseases and pests In Cameroon attacks of
jumping plant-lice and other leaf-defoliating
insects on Diospyros crossiftoro have been rec-
orded

Harvesting Trees are harvested by the se-
Iective logging system. Some caution ls needed
during harvesting operations because logs may
have brittle heart. In Gabon and the Central
African Republic the minimum hole diameter
allowed for felling is 40 cm, in DR Congo and
Cameroon 60 cm.

Handling after harvest Due to the high
density of the wood logs do not float in water
and cannot be transported by river

Genetic resources Nearly all big trees of
Diospyros crosst/10ro have been heavily over-
exploited with few remaining stands in the
most remote areas of its range, and the species
seems to have poor natural regeneration.
Therefore, Diospyros crossi/lord is classified as
endangered in the TUGN Red List of threat-
ened species

Prospects In spite of the fact that Diospyros
crossiftoro is highly demanded for its coinmer-
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cial ebony wood, very little research has been
carried out on its propagation and manage-
merit in natural forest. Therefore, require-
merits for sustainable exploitation are still
unclear, but the long time needed for the pro-
duction of black heartwood of sufficient diame-
ter to be interesting for the timber market and
the scarcity of large trees seem to preclude
sustainable commercial exploitation. More re-
search is recommended in natural regeneration
measures to protectthe species

Major references Bolza & Keating, 1972;
Burki11, 1994; Dalzie1, 1937; Dzoyem at al. ,
2006; Keay, 1989; Kennedy, 1936; Letouzey &
White, 1970a; Neuwinger, 2000; White, 1978b;
White, 1987

Other references African Regional Work-
shop, 1998; ATIBT, 1986; Burkhardt & Lebel,
undated; CIRAD Forestry Department, 2008;
Foahom, 2003; Maisonneuve & Manfredini(Edi-
tors), 1988b; Meier, 2009; 0wona Ndongo at al. ,
2009; Raponda-Walker & Sillans, 1961; Ta-
kahashi, 1978; UNEP-WCMC, 2006; Vivien &
Faure, 1985; White, 1963; White & Ahemethy,
1997; Wilks & Issemb6, 2000; Worbes at al. ,
2003.

Sources of illustration Vivien & Faure,
1985; White, 1987.

Authors E. A. Obeng

ros gracilipes Is endemic to Madagascar, where
it Is widespread in the northern and eastern
parts of the island

Uses The black heartwood, known as 'hazo-
mainty', Is used for high-quality joinery, furni-
ture, musical instruments, pegs, ornaments,
Inlay work, handles, carvings and turnery. The
bark, leaves and fruits are used in mixtures to

stimulate contractions of the uterus during
childbirth, and as an abortive. This practice is
not without danger; fatal cases have been re-
ported

Production and international trade Export
of Madagascar ebony started in the 16th centu-
ry by the Portuguese. Together with rosewood
(from Do!bergio spp. ), ebony from some Di-
OSpyros spp. , of which Diospyros grociljpes is
one of the most Important, is considered the
most precious and valuable wood in Madagas-
car. It fetches extremely high prices, even
when traded in smaller dimensions. In recent
years, the export of Madagascar ebony, as well
as that of rosewood, is nearly entirely to China

Properties Distinction between Diospyros
spp. of Madagascar producing black ebony is
usually not made, and the wood properties are
said to be quite similar. The heartwood near
the centre and base of old boles is black, some-
times with whitish streaks, and distinctly de-
marcated from the whitish sapwood which be-
comes yellowish upon exposure. The grain is
usually straight, sometimes wavy to slightly
interlocked, texture very fine. The wood is
heavy, with a density of 900-1100 kg/ina at
12% moisture content. It dries rather slowly,
with little tendency to distort. It takes about 4
months to air dry boards of 2.5 cm thick. The
rates of shrinkage are moderately high, from
green to oven dry about 4.5% radial and 9.2%
tangential. Once dry, the wood is stable in ser-
vice. At 12% moisture content, the modulus of
rupture is about 190 N/mm2, modulus of elas-
ticity 22,700 N/min2, compression parallel to
grain 63 N/min2 and Chalais-Meudon side
hardness 12.

The wood is fairly easy to saw and work, but
needs high-power tools because of its high den-
sity, abrasiveness and presence of silica (about
0.1%). It takes a smooth and nice finish with-

out the use of a filler. It has a tendency to split
upon nailing and screwing, and pre-boring is
recommended. The wood is durable; it is re-
SIStantto Impregnation with preservatives
The exudate from the bark may cause black
marks and vesicles on the skin.

Botany Evergreen smalltree up to 15 in

DIOSPYROS GRACILIPES Hiern

Protologue Monogr. Eben. : 191 (1873)
Family Ebenaceae
Vernacular names Madagascarebony (En)

Eb6ne de Madagascar(Fr)
Origin and geographic distribution Diospy-
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Diospyros grociljpes - wild
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tall; hole usually low-branching, up to 30(-40)
cm in diameter; bark surface smooth to more or
less rough, blackish brown, inner bark thin;
crown with spreading branches; twigs usually
glabrous. Leaves alternate, simple and entire;
stipules absent; petiole 3-10 min long; blade
elliptical-lanceolate to ovate-lanceolate, (3-)6-
12 cm x (1.5-)2-6 cm, curieate to rounded at
base, short-acuminate at apex, wavy at mar-
gins, thin-leathery, pinnately veined with 4-7
pairs of lateral veins. Inflorescence an axillary
fascicle, often on older branches or on the hole,
up to 20-flowered. Flowers unisexual, regular;
pedicel slender, up to 5 cm long, strongly elon-
gating in fruit; calyx cup-shaped, 3-8 mm long,
short-hairy, with tube about as long as the 4
lobes, strongly enlarging in fruit; corolla slight-
Iy longer than calyx, with long tube and 4-6
rounded lobes; male flowers with 8-16 sta-
mens, filaments very short; female flowers
larger than male ones, with c. 6 rudimentary
stamens, ovary superior, ovoid, reddish brown
hairy, 8-10-celled, styles 8-10, fused at base
Fruit an ovoid to oblong berry c. 3 cm long,
brownish green, covered by a whitish powder,
up to 8-seeded. Seeds elongate, flattened, c. 12
min long, blackish. Seedling with epigeal ger-
mination

Diospyros grocilipes is variable and some van-
eties have been distinguished. It grows slowly
and tolerates shade. It usually flowers in May-
June and September-December and fruits rip-
en 3-6 months later. Ripe fruits are eaten by
lemurs, which may disperse the seeds
Diospyros is a large pantropical genus of about
500 species; in mainland tropical Africa about
90 species occur and several produce valuable
timber or edible fruits. Over 100 species have
been recorded for Madagascar, several of which
provide valuable ebony wood, and possibly the
total number of species is around 200. About 14
species are endemic to the Mascarene islands
DiospyrosperrieriJum. is the main producer of
ebony wood in western Madagascar; it has
black heartwood similar to that of Diospyros
gracilipes. However, nearly alllarger trees of
Diospyrosperrierihave disappeared.
Diospyros plotyco!yx Hiern is also reported to
provide blackish heartwood, but is also under
high pressure caused by exploitation in its dis-
tribution area in western Madagascar.
Diospyros tesselloriu Poiret is as small to me-
dium-sized tree up to 20 in tall, with slender,
straight hole, endemic to Mauritius. It provided
the ebony of commerce of Mauritius ('bois
d'6b6ne noir'), but larger trees have nearly all

disappeared from the forests
Ecology Diospyros groci!mes occurs mainly

in humid evergreen forest, from sea-level up to
1350(-1650) in altitude. The mean annual rain-
fonts (500-)1000-2500(-3000) min, with I-7
dry months, and the mean annual temperature
is 20-24'C. It occurs on a variety of soils, from
sandy to limestone and rocky soils

Management The 1000-seed weightis 600-
650 g. Germination starts 3-7 weeks after sow-
ing and the germination rate of fresh seed is
about 65%. The seeds are extracted from the

fruit and usually sown in pots or polythene
sacs. Propagation by root suckers is possible
The tree coppices well. Enrichment planting of
natural forest with Diospyros grociljpes Is
sometimes practised

Genetic resources and breeding Large-
scale unauthorized logging of Madagascar eb-
ony occurs in the forests of Madagascar. In
2009 large amounts of ebony trees were logged
in Madagascar, together with even larger
amounts of rosewood (Do16ergio spp. ) trees,
and the export was mainly to China. Only
small quantities were shipped to Germany and
Mauritius

Several Diospyros spp. in Madagascar are be-
ing considered for inclusion in the CITES Ap-
pendix U list, including Diospyros grociljpes,
Diospyrosperrierz and Diospyrosplotycolyx.

Prospects Most Diospyros spp. providing
valuable black ebony wood in Madagascar and
the Mascarene islands are under strong pres-
sure caused by over-exploitation. Sustainable
production of this type of timber is unlikely on
a commercial basis because the black heart-

wood is only available in the hole core of old
trees; moreover, the trees grow slowly. En-
richment planting might be an option, but will
require very long rotation cycles. Because of
the high value of the wood, studies on optimal
management could be useful, but for the time
being protection measures are needed

Major references Blaser at a1. , 1993; De-
bray, Jacquemin & Razafindramba0, 1971;
Normand, Sallenave & Rothe, 1960; Ferner de
in Bathie, 1952; Rakotovao at al. , en prepara-
tion.

Other references Ballet, Lopez & Rahaga,
2010; Innes, 2010; Richardson, 1981; Schuur-
man & Lowry, 2009

Authors R. H. M. J. Lemmens & D. Louppe
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DIOSPYROSKAMERUNENSiS GIIrke

Protologue Engl. Bot. Jahrb. 26: 69 (1898)
Family Ebenaceae
Vernacular names Gamero0n ebony, African

ebony (En).
Origin and geographic distribution Diospy-

70s homerunensis is distributed from Liberia to
Ghana and from Garnero0n to Gabon.

Uses The wood of Diospyros homerunensis is
used for posts in house construction, poles,
implements, handles, household utensils and
drums. It is suitable for heavy flooring, joinery,
mine props, ship building, vehicle bodies, sport-
ing goods, toys, novelties, dralrimg boards,
carvings, turnery and sliced veneer. The tough
stem of saplings is sometimes used as rope.
The fruit pulp offuny ripe fruits is edible

Production and international trade The

wood of Diospyros homerunensisis mainly used
locally and occasionally traded on the interna-
tional market in mixtures with other ebony
woods, often as 'Cameroon ebony'.

Properties The heartwood is pinkish when
freshly cut, often becoming grey to grey-brown
upon drying, and indistinctly demarcated from
the paler and wide sapwood. Near the centre of
the hole the wood is sometimes blackish. The

grain Is generally straight, sometimes inter-
locked, texture usually fine.
The wood is heavy, with a density of about 990
kg/in' at 12% moisture content, hard and
tough. During air drying, it is liable to splitting
and twisting, and it is recommended to dry the
wood in smaller dimensions. The rates of

shrinkage are high. At 12% moisture content,
the modulus of rupture is 169 N/mm2, modulus
of elasticity 15,580 N/mm2 and Janka side

hardness 14,850 N.
The wood is relatively easy to work in spite of
its high density, but the dulling effect on saw
teeth and cutting edges may be serious. It
planes to a good finish and takes a high polish.
Pre-boring is needed for nailing and screwing;
the wood holds nails and screws well. The

heartwood is quite durable, being resistant to
termite attack, but less resistant to pinhole
borers and marine borers. The sapwood is not
durable and susceptible to Lyetus attack, but it
is moderately permeable for preservatives by
impregnation. The wood dust may cause der-
matitis and Irritation to mucous membranes in
wood workers

Description Evergreen, dioecious shrub or
small tree up to 15(-20) in tall; hole usually
straight and slender, up to 30 cm in diameter;
bark surface rough, finely fissured, greenish
grey, inner bark thin; twigs golden-brownish
hairy when young, becoming glabrous. Leaves
alternate, simple and entire; stipules absent;
petiole I-2 cm long, grooved above, short-hairy;
blade lanceolate-elliptical to ovate or oblong-
elliptical, 15-20 cm x 5-9 cm, obtuse at base,
acuminate at apex, papery or thin-leathery,
yellowish short-hairy below especially when
young, pinnately veined with 3-7(-8) pairs of
lateral veins. Inflorescence an axillary fascicle,
3-6(-20)-flowered for male inflorescence, I-2(-
3)-flowered for female one, Flowers unisexual,
regular; pedicel up to 3 min long; calyx up to 8
mm long, yellowish red hairy, with tube slight-
Iy shorter than the 4 lobes; corolla salver-
shaped, c. 2 cm long, fleshy, short-hairy, white
or yellowish, with c. I cm long tube and 4(-5)
lobes c. I cm long; male flowers with 12 sta-
mens c. 6 mm long, with very short filaments,
hairy at base of arithers; female flowers with
8-12 rudimentary stamens, ovary superior,
ovoid, c. 5 min long, 8(-100-celled, styles 4(-5).
Fruit a depressed-globose to ellipsoid berry, up
to 4 cm long, sparsely hairy to glabrous, yellow-
orange to orange-red when ripe, up to 8(-10)-
seeded. Seeds c. 3 cm x 2 cm x I cm. Seedling
with epigealgermination

Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in mainland tropical Africa about 90 species
occur and several produce valuable timber or
edible fruits

Diospyros monbuttensis GIIrke is a shrub or
smalltree up to 10 in tallwith hole up to 40 cm
in diameter. It occurs in semi-evergreen forest
and gallery forest from C6te d'Ivoire east to the
Central African Republic and northern DR

.

Diospyros homerunensts - wild
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intervessel pits alternate; 23: shape of alter-
nate pits polygonal; 25: intervessel pits small
(4-7 prn); 30: vessel-ray pits with distinct bor-
ders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tan-
gential diameter of vessellumina 50-100 prn;
47: 5-20 vessels per square minimetre; 58:
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:
fibres very thick-walled. Axial parenchyma: 77:
axial parenchyma diffuse-in-aggregates; 78:
axial parenchyma scanty paratrachea1; 86
axial parenchyma in narrow bands or lines up
to three cells wide; 87: axial parenchyma retic-
ulate; 92: four (3-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
108: body ray cells procumbent with over 4
rows of upright and/or square marginal cells;
109: rays with procumbent, square and upright
cells mixed throughout the ray; (1/3: disjunc-
tive ray parenchyma cell walls present); 1/5:
4-12 rays per min; 1/6:;;t 12 rays per min.
Mineral inclusions: 136: prismatic crystals
present; 138: prismatic crystals in procumbent
ray cells; 142: prismatic crystals in chambered
axial parenchyma cells
(E. A. Obeng, P. E. Gasson & H. Beeckman)

Growth and development Diospyros her-
merunensis is a shade bearer with slow but
steady growth. In West Africa, flowering of
trees usually occurs in September-October
Fruits ripen about 3 months after flowering

Ecology Diospyros homerunensis is most
common in moister evergreen forest, but it can
also be found in more dry forest types. It is
characteristic for the understorey of undis-
turbed forest, usually on acid, well-drained
soils, but has also been reported from second-
ary forest.

Propagation and planting Diospyros kg-
merunensis may regenerate well under shady
conditions in the forest.

Harvesting Some caution is needed during
harvesting operations because logs may have
brittle heart

Handling after harvest Freshly harvested
holes do not float in water and thus cannot be

transported by rrver
Genetic resources Although Diospyros ho-

merunensts does not seem to be abundant in

most of its geographical distribution area, it is
unlikely to be under threat of genetic erosion
There are no indications of overexploitation
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Diospyros homerunensis - I, led/: 2, port of
twig with mole flowers, ' 3, port of twig with
fernole flowers, . 4, fruit
Redruwn grid odopted bytshoh Syomsudin

Congo. The whitish yellow wood is used for
similar purposes as that of Diospyros fog-
merunensis, but mainly for implements, uten-
SIIs and handles. The flexible branches are
used for game traps. In traditional medicine
decoctions of bark and leafy twigs are adminis-
tered, often in mixtures with other medicinal
plants, to treat leprosy, skin affections caused
by fungi, jaundice, excessive uterine bleeding
and chickenpox.
Diospyros thornosii Hutch. & Dalzielis a small
tree up to 10 in tall, occurring in humid forest
in Guinea, Sierra Leone and Liberia, particu-
jarly in secondary forest. The wood, which is
pinkish when freshly cut, is used for drums
and oars. The flexible branches are used for

game traps. The sweet fruit pulp is edible. The
bark is used to treat diarrhoea

Anatomy Wood-anatomical description OAWA
hardwood codes)
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:
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Prospects Diospyros homerunensis will re-
main useful as a source of wood for local apph-
cations, e. g. for poles, Implements and utensils.
However, prospects as a timber tree of coin-
mercialimportance for export are poor because
of the small size of holes. Chemical and nutri-
tionalanalyses of the fruits are recommended

Major references Aubr6ville, 1959; Bolza &
Keating, 1972; Burki11, 1994; Irvine, 1961;
Letouzey & White, 1970a; Oteng-Amoako (Edi-
too, 2006; Vivien & Eaure, 1996

Other references Cooper & Record, 1931;
Hall & Swame, 1981; Hawthorne, 1995; Haw-
thorne & Jongkind, 2006; Letouzey & White,
1970b; Takahashi, 1978; White, 1963; White,
1978b.

Sources of illustration Letouzey & White,
1970a.

AuthorsA. A. Oteng-Amoako & E. A. Obeng

absent in the more humid forest zones of West

and Central Africa. It is also found in Yemen

Trial plantings for fruit production exist in
Israel, and Diospyros mespinformis has also
been planted in the southern parts of the Unit-
ed States.

Uses The wood is used for posts in house
construction, flooring, joinery, furniture, ship
building, vehicle bodies, musical instruments
such as drums, household utensils such as
cups, spoons, pestles and mortars, toolhandles,
walking sticks, combs, agricultural implements
such as ploughs, boxes, carvings and turnery.
The heartwood is sometimes blackish and is

then used as a substitute for Diospyros crossi-
noru Hiern, e. g. for decorative flooring and
interior trim. The hole is used traditionally for
dug-out canoes. The wood is also used as fire-
wood, and is valued for charcoal production.
The fruit is sweet but acidulous with a slight
lemon-like taste. It is often eaten raw when
fully ripe, particularly by children, but some-
times also dried and kept for later use when
food is scarce at the end of the dry season. The
fruits are also used in the production of fruit
juice and alcoholic drinks. They can be ground
into a flour, which is sometimes an ingredient
of porridge. The seeds are also eaten; they have
a nut-like flavour. The leaves are occasionally
eaten as vegetable, and the foliage is browsed
by livestock. The gum from the bark is used to
mend broken pottery, and fruit pulp to glaze
and varnish pottery. Diospyros mespiltformis is
planted for re-afforestation, as ornamental
shade tree and as windbreak. The flowers serve
as source of nectar for honey bees
Various parts of the tree are used in traditional
medicine. Roasted and pulverized roots are
taken to treat jaundice, and root decoctions as
arithelmintic, to ease childbirth, and to treat
malaria, pneumonia and syphilis. Bark prepa-
rations are administered to treat cough, bron-
chial diseases, tuberculosis, syphilis and Iepro-
sy, and applied externalIy to wounds, ulcers,
bruises and furuncles. The bark is also used in
veterinary medicine as vermifuge. Leaf decoc-
tions or infusions are taken to treat fever, diar-
rhoea, dysentery, trypanosomiasis, menorrha-
gia, whooping cough, hiccough and poisoning.
Leaf preparations are externalIy applied to
treat fever, pneumonia, conjunctivitis and oti-
tis, and as haemostatic and antiseptic to
wounds, yaws and furuncles. Fruit decoctions
or Infusions are taken to treat dysentery, diar-
rhoea and menorrhagia. Fruit ash is applied to
fungal skin infections and fruit powder to ul-

DIOSPYROSMESPILIFORMIS Hochst. exA. DC.

Protologue Prodr. a 672 (1844)
Family Ebenaceae
Chromosome number2n=30

Vernacular names African ebony, wild
African ebony, West African ebony, swamp
ebony, Transvaal ebony, ebony diospyros, mon-
key guava, jackal berry (En). Ebbne d'Mrique,
6bt;ne de Mozambique, kaki de brousse (Fr)
Ebano africano (Po). Mgiriti, injobo, ingombe,
msindi, inpweke, inkadi(Sw)

Origin and geographic distribution Diospy-
70s mespinformis is extremely widespread,
occurring from Senegal east to ETitrea, Ethio-
pia and Kenya, and south to Namibia, northern
South Africa and Swaziland, but it is nearly

Diospyros mespiltformis - wild
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cers, whereas seed decoctions are administered
against headache. Twigs are chewed to clean
the teeth. Various parts of the tree are used in
ritual ceremonies.

Production and international trade The
wood of Diospyros mespiltformis is only traded
in very small amounts on the international
timber market, and then usually together with
the wood of more Important ebony producers
such as Diospyros crossif!o70. It is available in
local markets, e. g. in Sudan
In Gambia Diospyros mespiltformis is classified
amongst the 20 most important timber species
Locally high-quality carvings are in great de-
mand by tourists. The fruits are traded on local
markets and may provide vitalsupplementary
income for poor households.

Properties The heartwood is pinkish grey to
pinkish brown, darkening to dark brown upon
exposure. Some holes have a blackish core up
to 25 cm wide. The heartwood is indistinctly
demarcated from the slightly paler sapwood.
The grain is wavy to interlocked, texture fine
and even

The wood is heavy with a density of (640-)800-
900 kg/in' at 12% moisture content. It air dries
slowly, with some risk of distortion and check-
ing. It takes about 8 weeks to air dry boards of
2.5 cm thick from 60% to 12% moisture con-

tent. Kiln drying should be done with care be-
cause of a severe risk of case-hardening. The
rates of shrinkage are moderate, from green to
12% moisture content 2.5-2.9% radial and 3.9-

5.1% tangential, and from green to oven dry
about 3.6% radial and 7.3% tangential. Once
dried, the wood is stable in service. At 12%
moisture content, the modulus of rupture is
93-1/1 N/min2, modulus of elasticity 11,100-
11,960 N/mm2, compression parallel to grain
51-57 N/min2 shear 15-19 N/min2, Janka side
hardness 6750-9470 N and Janka end hard-
ness 10,400 N.
The wood is moderately difficult to saw and
work, particularly with hand tools. It may
cause serious blunting of saw teeth and cutting
edges. The wood surfaces take an excellent
polish, but picking up of interlocked grain may
occur in planning; a reduced cutting angle of
20' is recommended. The wood finishes well
without the use of a filler. It has a tendency to

split upon nailing, and pre-boring is advised
The heartwood is durable, being resistant to
termite attack, but sometimes susceptible to
boring beetles such as Anobium spp. The sap-
wood is liable to attack by blue stain fungi,
brown and white rot fungi and Lyetus, but it is

moderately easily to treat with preservatives
by impregnation. Saw dust may cause allergic
contact dermatitis and irritation of mucous
membranes in wood workers

The composition of fruits per 100 g edible por-
tion is: water 69 g, energy 404 kJ (97 kcal),
protein 1.1 g, fat 0.4 g, carbohydrate 22 g, fibre
6.2 g, Ca 96 ing, Mg 28 ing, P 46 ing, Fe I ing,
thiamin 0.01 ing, riboflavin 0.04 ing, niacin
0.24 ing and ascorbic acid 24.6 ing. Analysis of
the fruits in northern Nigeria showed that only
low amounts of antinutritional factors such as

oxalate, phytate, saponin and tannin are pre-
sent. The seeds contain about 9% water and
their protein content is 4.9 g per 100 g fresh
weight. Fruit extracts showed high radical-
scavenging capacity.
The results of tests with mice and rats sug-
gested that stem bark extracts contain an
agent with neuropharmacological activity that
may be sedative in nature, and the extracts
showed antipyretic, analgesic and anti-inflam-
matory actrvities, supporting the applications
in traditional medicine for relieving pain and
fever. Tests with rat skeletal muscle cells
showed that bark extracts inhibited intracellu-
Iar calcium release, which could explain the
use of the bark as antihypertensive and anti-
diarrhoeal agents. Root, bark and leaf extracts
showed antimicrobial activities against bacte-
ria and fungi. The naphthoquinone epoxide
diosquinone has been isolated from the root
bark. It showed pronounced in-vitro antibacte-
rial as well as cytotoxic activity against several
human cancer celllines. Plumbagin has also
been isolated from the roots; this compound
also has antibacterial activity

Adulterations and substitutes The wood

of Diospyros mespiltformis is sometimes mixed
with that of Diospyros crossiftoro Hiern, which
is a more highly valued ebony with blackish
heartwood

Description Evergreen or semi-deciduous,
dioecious, small to medium-sized tree up to
25(-40) in tall; hole usually straight and cylin-
drica}, branchless for up to 18 in, up to 150(-
200) cm in diameter, sometimes fluted at base
or with buttresses; bark surface with longitu-
dinal fissures, exfoliating in rather thin rec-
tangular scales, blackish grey, inner bark black
in outer layer, pinkish in Inner layer; crown
rounded, dense; branches often knobby, grey,
young twigs short-hairy. Leaves alternate,
simple and entire; stipules absent; petiole 0.5-
I cm long; blade narrowly elliptical to oblong-
elliptical or narrowly obovate, 3.5-19 cm x 1.5-
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cm long, flattened; cotyledons leafy but slightly
fleshy, elliptical, c. 1.5 cm long, early caducous;
first two leaves opposite.

Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in mainland tropical Africa about 90 species
occur and several produce valuable timber or
edible fruits.

Diospyros bussei Gtirke (synonym: Diospyros
cornii Chiov. ) is a small evergreen tree up to
15(-18) in tall, occurring in open woodland and
wooded grassland in Somalia, eastern Kenya
and eastern Tanzania. Its dark brown heart-

wood Is used in ship building and for poles and
walking sticks. The fruit is edible
Diospyros Ierreo myilld. ) Bakh. is a small tree
up to 15 in tall, with hole up to 30 cm in diame-
ter. It is even more widespread than Diospyros
mespiltformis, occurring in a wide variety of
habitats from Senegal east to Kenya and south
to Angola, Zimbabwe, Mozambique and Mada-
gascar, but also in tropical Asia, Australia,
Melanesia and Polynesia. In tropical Asia,
where Diospyros Ierreo trees can reach larger
dimensions, the heavy wood is used for joinery,
furniture, musical instruments, sporting goods,
utensils, carvings and turnery. The heartwood
can be blackish, often with yellowish streaks,
and is sometimes traded as a substitute of Di-
OSpyros ebenum J. K6nig, which is considered to
produce the bestcommercialblack ebony and is
native to southern India and Sri Lanka, but
has occasionally been planted in botanical gar-
dens in Africa. The fruit pulp of Diospyros Ier-
rea Is edible. In Madagascar leaf decoctions are
used to treatstomach-ache
Diospyros greenwoyi Finiite is a shrub or
smalltree up to 15 in tall, endemic to eastern
Kenya and eastern Tanzania. Its wood is occa-
SIonally used for poles in house building
Diospyros habuyeono Finiite is an evergreen
small tree up to 15(-25) in tall, endemic to
moister forest and riverme forest in eastern
Kenya and Tanzania. Its wood is used in house
construction, especially for posts, and has been
used for making bows.
Diospyros quitoensis (Hiern) F. White is a small
deciduous tree up to 10 in tall, native to Tan-
zania, Malawi, Zambia, Zimbabwe and Mozam-
bique. The black heartwood is distinctly de-
mareated from the yellowish sapwood and is in
great demand for carvings, e. g. for masks and
animals for the tourist industry. The wood is
sometimes also used in construction because of
its great durability. The fruit pulp is edible
Diospyros senensis Notzsch is a spiny shrub or

^
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Diospyros mespiltformis - I, mole flower, . 2,
fernole flower, . 3, port offrutting bronch.
Redrown grid adopted bylshok Syomsudin
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7.5 cm, curieate to rounded at base, acute to
slightly acuminate or rounded at apex, thin-
leathery, minutely hairy below, pinnately
veined with 12-20 pairs of indistinct lateral
veins. Flowers axillary, unisexual, regular, 4--
5-merous, nearly sessile; calyx with tube about
as long as lobes, woolly hairy outside; corolla
short-hairy, white to greenish yellow, with
narrowly urn-shaped tube and short lobes;
male flowers 3 together on a 4-6 mm long pe-
duncle, with c. 3 mm long calyx and c. 6 mm
long corolla, stamens c. 14, 4 min long, with
short filaments, ovary rudimentary; female
flowers usually solitary, with c. 8 min long ca-
Iyx having large lobes with wavy margins and
10-12 min long corolla, stamens rudimentary,
ovary superior, ovoid-conical, c. 3 min long, 4-
6-celled, stigma sessile, 2-3-10bed. Fruit a glo-
hose berry up to 2.5 cm in diameter, warty,
hairy but becoming glabrous, yellowish and
finally purphsh when ripe, enclosed at base by
calyx, 3-6-seeded. Seeds compressed oblong-
ellipsoid, up to I cm long, reddish brown to
dark brown. Seedling with epigeal germina-
tion; hypocotyl c. 6 cm long, thick, epicotyl c. I



smalltree up to 12 in tan, occurring in dry de-
ciduous forest and thickets in southern DR

Congo, Malawi, Zambia, Zimbabwe and Mo-
zambique. Its tough wood is used in construc-
tion and for tool handles. Root infusions are

applied to the chest of children to treat colds
Diospyros squorroso Notzsch is a shrub or
small tree up to 12 in tall, occurrlrig from
southern DR Congo, Somalia and Kenya south
to Zimbabwe and Mozambique. The wood is
used for poles and tool handles. The fruit pulp
is edible. Decoctions of roots, bark and leaves
are administered to treat malaria.

Diospyros Derrucoso Hiern is a shrub or small
tree up to 15(-18) in tall, endemic to southern
Tanzania and northern Mozambique. Its wood
is used for poles in house construction and for
utensils. The fruit pulp is edible

Anatomy Wood-anatoiincal description CAWA
hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22
intervessel pits alternate; 23: shape of alter-
nate pits polygonal; 24: intervessel pits minute
(S 4 pin); 30: vessel-ray pits with distinct bor-
ders; similar to intervessel pits in size and
shape throughout the ray cell; 41: mean tan-
gential diameter of vessellumina 50-100 prn;
42: mean tangential diameter of vessellumina
100-200 pin; 46: s 5 vessels per square milli-
metre; 47: 5-20 vessels per square minimetre;
58: gums and other deposits in heartwood ves-
sels. Tracheids and fibres: 61: fibres with SIm-

PIe to minutely bordered pits; 66: non-septate
fibres present; 70: fibres very thick-walled.
Axial parenchyma: 77: axial parenchyma dif-
fuse-in-aggregates; 78: axial parenchyma
scanty paratrachea1; 86: axial parenchyma in
narrow bands or lines up to three cells wide;
(87: axial parenchyma reticulate); 92: four (3-
4) cells per parenchyma strand; 93: eight (5-8)
cells per parenchyma strand. Rays: (96: rays
exclusively uniseriate); (97: ray width I-3
cells); 109: rays with procumbent, square and
upright cells mixed throughout the ray; 1/6: 2
12 rays per min. Mineral inclusions: 136: prls-
matic crystals present; 137: prismatic crystals
in upright and/or square ray cells; 138: pris-
matic crystals in procumbent ray cells; (154:
more than one crystal of about the same size
per cellor chamber)
(E. Ebanyenle, A. A. Oteng-Amoako & P. Baas)

Growth and development Diospyros mes-
pinformis grows quite slowly. Seedlings reach

about 10 cm tall 2.5 months after germination
and 20-30 cm tall after 6 months, and young
trees are often only I-1.5 in tall after 5 years
In northern Garnero0n in a region with a mean
annual rainfall of 800 min, the survival rate
was 54% and the mean height only 2.4 in 18
years after planting, but in a region with a
mean annual rainfallof 1000 mm trees reached

an average height of 4.0 in after 12 years' In
natural forest in C6te d'Ivoire, the diameter
growth was estimated at 5 mm/year over a
period of 60 years, and in Benin at 6 mm/year
Young foliage is pinkish to reddish brown, and
old leaves become yellow before they fall. The
foliage is commonly eaten by elephants, ante-
lopes and buffaloes. The flowers are pollinated
by insects such as bees. In West Africa trees
usually flower in the second part of the dry
season, but elsewhere flowering usually takes
place in the rainy season. In southern Africa
flowers are most common in October-Novem-
her. Fruits ripen about 6 months later. They
are eaten by baboons, which serve as seed dis-
persers, although tests in Ghana showed that
the germination rate of seeds that passed the
digestive organs of baboons was not improved
The fruits are also eaten by other monkeys,
antelopes, elephants, jackals, birds such as
hornbills, pigeons, parrots and turacos, and
fruit bats, which all may disperse seeds. It is
said that the tree can live for more than 200
years

Ecology Diospyros mespiltformis occurs in
woodland and wooded savanna, sometimes also
in fringes of more humid forest, up to 1350 in
altitude, rarely up to 2000 in. In many drier
regions it is commonly found in riparian forest
The mean annual rainfall in the area of distri-
bution is 300-2000 mm, with a dry season of
up to 8 months. Diospyros mespiltformis is
usually found on more fertile, deep soils, often
on alluvial soils and termite mounds, but it is
occasionally found on rocky hill slopes. Young
trees have been recorded to be sensitive to fire.

Propagation and planting In natural for-
est in northern Benin, natural regeneration
has been reported to be quite good, with about
290 seedlings and 60 saplings per ha. In cen-
tral C6te d'TVoire about 280 seedlings and sap-
lings were counted per ha. Diospyros mespilt-
formis often regenerates abundantly in dry
secondary forest
Diospyros mespiltformis is usually propagated
by seeds. Fruits should be collected from the
tree when they start to become yellow, to avoid
competition by animals such as birds. Seeds
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should be depulped and cleaned in running
water, and subsequently dried in the sun be-
fore storage. There are 2400-3200 seeds per
kg. The seeds usually germinate within 6
weeks. They can be stored for several years in
airtight containers at 3'C and about 5% inois-
ture content, but at room temperature for not
more than one year. Scalding the seeds for 3-7
minutes accelerates germination, as well as
partial removal of the seed coat by nicking
However, in Malawia germination rate of more
than 80% was achieved by simply cleaning and
soaking the seeds. In Burkina Faso grafting
experiments showed promising results. Root
suckers can also be used for propagation
Young trees are difficult to transplant; sowing
on the permanentsite Is recommended

Management In most parts of its distribu-
tion area, Diospyros mespiltformis is neither
particularly rare nor particularly abundant
Only very locally it is abundant or dominant
In the Sudano-Sahelian zone, Diospyros mes-
pinformis is characteristic for terrace sites in
agroforestry landscapes with millet and maize
cultivation. In southern Africa trees are often
left when clearing land for agricultural fields
so that fruits can be harvested. Tests in 06te

d'Ivoire and Ghana showed that the applica-
tion of an inorganic NPK fertilizer may have
significant effect on the height and diameter
growth of seedlings. Trees can be coppiced and
pruned.

Diseases and pests Fruits are eaten by
numerous animals, often already before they
are fully ripe. Seeds are commonly attacked by
boring insects and should be protected when
stored.

Harvesting Some caution is needed during
harvesting operations because logs of large
trees may have brittle heart or may be hollow.
In Benin a minimum hole diameter of 35 cm
and a cutting cycle of 25 years have been rec-
ommended for harvesting, but this seems to be
Inadequate for sustainable harvesting

Yield A hole of 50 cm in diameter harvested
in northern C6te d'TVoire was estimated to
yield I ms of wood.

Handling after harvest Due to the high
density of the wood logs do not float in water
and cannot be transported by river. After cut-
ting, the heartwood of logs slowly becomes
darker, sometimes to black, and burying has
been reported to accelerate the process of dark-
ening.

Genetic resources Diospyros mespiltformis
Is extremely widespread and there is no reason

to consider it as threatened by genetic erosion
However, it is locally extensively exploited for
timber and firewood and may be under pres-
Sure In some regions

Prospects Diospyros mespiltformis is a true
multipurpose tree, which is of greatimportance
to local communities of African people. It does
not only provide wood, but also edible fruits,
traditional medicines and forage. Moreover, it
plays an important role in the ecosystem,
providing food to numerous animals. More re-
search on this species is therefore warranted,
particularly on propagation and planting, and
on growth rates under different circumstances.
More detailed pharmacological studies are rec-
ommended because the interesting medicinal
properties found in research might be devel-
oped into new drugs.

Major references Bolza & Keating, 1972;
Burki11, 1994; CAB International, 2010; Chilu-
fya & Tengnas, 1996; Janick & Paull(Editors),
2006; Maundu & Tengn6. s (Editors), 2005;
Neuwinger, 2000; Orwa at a1. , 2009; White,
1987; White, 1988.

Other references Adeniyiet a1. , 2003; Adzu
at a1. , 2002a; Adzu at a1. , 2002b; Ahawaadong,
2006; Arbonnier, 2004; Chikamai at al. , undat-
ed; CIRAD Forestry Department, 2008; Coates
Palgrave, 1983; de in Mensbruge, 1966; Dupriez
& De Leener, 1989; Keay, 1989; Lajubutu at
a1. , 1995; OSei-Begyina, 2007; Palmer & Pit-
man, 1972-1974; Prins & Maghembe, 1994;
Takahashi, 1978; Urnaru at a1. , 2007; van Wyk
& Gencke, 2000; White, 1983; White & Verd-
court, 1996

Sources of illustration White, 1963; White,
1987.

Authors H. H. El-Kamali

DIOSPYROSSANZA-MINIMA. Chev.

Protologue Veg. Ut. Mr. Trop. Franc. 5: 155
(1909)

Family Ebenaceae
Chromosome number2n= 30

Vernacular names African ebony, Liberia
ebony (En)

Origin and geographic distribution Diospy-
ros sungo-miniho occurs from Sierra Leone to
Ghana, and from Cameroon to Gabon and Con-
go.

Uses The wood of Diospyros songo-miniko is
used for poles and wattles in house construc-
tion, mine props, implements, utensils, han-
dles, game traps, cages, shafts of spears and
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Diospyros sonzo-miniho- rolld

harpoons, and turnery. It is suitable for heavy
flooring, joinery, ship building, vehicle bodies,
sporting goods, toys, novelties, draining boards
and carvings. The wood is also used as fire-
wood. In traditional medicine, a poultice of
pulped leaves is applied as anodyne

Production and international trade The

wood of Diospyros songo-miniho is rarely ex-
ported and almost exclusively used domestical-
Iy. There is no information available on trade
statistics.

Properties The heartwood is greyish white
to pinkish when freshly cut, darkening to
brownish with black streaks or occasionally
black near the centre of the log; it is indistinct-
Iy demarcated from the sapwood. The grain is
straight to interlocked, texture fine.
The wood is medium-weight to heavy, with a
density of 630-980 kg/in" at 12% moisture con-
tent, and hard. The rates of shrinkage are
quite high. Once dry, the wood is unstable in
service. At 12% moisture content, the modulus
of rupture is 132-180 N/min2, modulus of elas-
ticity 13,130-15,880 N/mm2, compression par-
allel to grain 54-72 N/min2, cleavage 15-19
N/mm, Janka side hardness 10,850 N and
Chalais-Meudon side hardness 8.1-8.8

The wood is rather difficult to saw and work

with both hand and machine tools; it causes a
serious dulling effect on saw teeth and cutting
edges. The wood planes to a good finish and
takes a high polish, but some picking up may
occur when interlocked grain is present; a re-
duced cutting angle is recommended. The wood
holds nails moderately well, but pre-boring is
advised. The wood is liable to attacks by sap
stain fungi. It is moderately durable, being

hardly attacked by termites but susceptible to
marine borers and occasionally to pinhole bor-
ers. The sapwood is permeable to preservatives
by impregnation. Saw dust may cause irrita-
tion of skin and throat in wood workers.

Several norbergenin derivatives have been
isolated from the bark, some of which showed
radical scavenging properties and in-vitro an-
timalarial activity against Plusmodium ferret-
parum

Description Evergreen small to medium-
sized tree up to 25(-40) in tall; hole branchless
for up to 20 in, straight, cylindrical, up to 60(-
100) cm in diameter, usually without buttress-
es; bark surface deeply fissured, blackish, very
hard, inner bark thin, pinkish; crown usually
small, narrow to rounded, with horizontal
branches; young twigs nearly glabrous. Leaves
alternate, simple and entire; stipules absent;
petiole 05-Tel. 5) cm long, grooved above,
glabrous; blade lanceolate-elliptical to oblong-
elliptical, 12-27 cm x 3-10 cm, curieate at base,
short-acuminate at apex, leathery, dark short-
hairy below when young, pinnately veined with
7-12 pairs of lateral veins. Inflorescence an
axillary fascicle, often on older branches, (I-)
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3-5-flowered. Flowers unisexual, regular; pedi-
cel up to 3(-5) mm long; calyx cup-shaped, up
to 8 mm long, yellowish brown short-hairy,
entire or indistinctly lobed at apex; corolla c. 2
cm long, fleshy, densely appressed brownish
hairy outside, white or pinkish inside, with c. I
cm long tube and (3-)4-5 lobes up to ICm long;
male flowers with corolla lobes about as long as
tube, stamens 20-24, c. 5 mm long, with very
short filaments, usually glabrous; female now-
ers with corolla lobes shorter than tube, rudi-
meritary stamens 5-6, ovary superior, ovoid, c
4 mm long, densely hairy, 6-8-celled, styles 3-
4. Fruit an ellipsoid-cylindrical to slightly 4-
angled berry, up to 5 cm x 4.5 cm, reddish
brown hairy but becoming glabrous, yellow
when ripe, 4-8-seeded. Seeds oblong-cylindri-
cal, 2-3 cm long, brown to blackish. Seedling
with epigeal germination; hypocoty1 4-7 cm
long, thick, epicoty1 3-5 cm long, hairy; cotyle-
dons staying within the seed coat, leafy, c. 3 cm
long, early caducous; first 2 leaves opposite,
dark red.

Other botanical information Diospyros is
a large pantropical genus of about 500 species;
in mainland tropical Africa about 90 species
occur and several produce valuable timber or
edible fruits.

Diospyros 60010 De Wild. is a smallto medium-
sized tree up to 25 in tall, occurring in Came-
roon, Gabon and DR Congo. Its wood is locally
used for implement handles.
Diospyros conoco, :Do Gtirke & K. Schum. is a
smalltree up to 10 in tall, occurring from Nige-
ria to DR Congo and Cabinda (Angola). Its
wood is locally used in house building
Diospyros cooperi(Hutch. & Dalziel) F. White is
a shrub or smalltree up to 13 in tall, occurring
from Sierra Leone to Ghana. The slender holes

are used for posts and rafters in house con-
struction. A leaf decoction produces a black
dye
Diospyros e!hotii (Hiern) Funiite is a small
tree up to 11 in tallwith short hole up to 40 cm
in diameter, characteristic for gallery forest in
savanna regions and the inner edges of man-
groves from Senegal to Nigeria. The wood is
used for implements and handles, and branch-
us for game traps. The tree is a source of fire-
wood. Twigs serve as chew sticks and the fruit
pulp is edible.
Diospyros itMrensis (Giirke) Letouzey &
F. White is a small to medium-sized tree up to
20 in tall, occurring from Nigeria east to the
Central African Republic and south to DR
Congo and northern Angola. Its wood is locally

used for poles, utensils and handles. Bark infu-
SIons are administered in local medicine to

treat bronchitis

Diospyros monnii Hiern is a small to medium-
sized tree up to 20(-30) in tall, with hole up to
30(-60) cm in diameter. Its distribution area is
quite similar to that of Diospyros sonzo-
miniko, from Sierra Leone east to the Central
African Republic and south to Cabinda (Ango-
Ia). The blackish heartwood with greyish
streaks which is present in the core of the bole
of old trees is heavy, with a density of about
950 kg/ms at 12% moisture content, and is 10-
cally used for utensils and handles. The wood
Is suitable for similar purposes as the wood of
Diospyros sonzo-mintko, butts rarely available
in larger dimensions. The large fruits, which
are up to 10 cm long and have irritating hairs,
provide edible pulp and seed anIs, which are
said to have an excellent taste similar to

muskmelon. In traditional medicine, pulped
bark is applied to fractures and used in mix-
tures to treat lritestinalcomplaints.
Diospyros polystemon Gtirke is an evergreen
small to medium-sized tree up to 20(-30) in
tall, occurring from Cameroon to DR Congo
and northern Angola. Its wood is locally used
for implement handles.

Anatomy Wood-anatomical description OAWA
hardwood codes)
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits po-
Iygona1); 24: intervessel pits minute (S 4 ILm);
25: intervessel pits small(47 pin); 30: vessel-
ray pits with distinct borders; similar to inter-
vessel pits in size and shape throughout the
ray cell; 41: mean tangential diameter of vessel
Iumina 50-100 ILm; 47: 5-20 vessels per square
minimetre; 58: gums and other deposits in
heartwood vessels. Tracheids and fibres: 61:

fibres with simple to minutely bordered pits;
66: non-septate fibres present; 70: fibres very
thick-walled. Axial parenchyma: 77: axial pa-
Tenchyma diffuse-in-aggregates; 78: axial pa-
Tenchyma scanty paratrachea1; 86: axial paren-
chyma in narrow bands or lines up to three
cells wide; 87: axial parenchyma reticulate; 92:
four (3-4) cens per parenchyma strand; 93:
eight (5-8) cells per parenchyma strand. Rays:
96: rays exclusively uniseriate; (97: ray width
I-3 cells); 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; 107: body ray cells procumbent with
mostly 2-4 rows of upright and/or square mar-



ginal cells; 1/5: 4-12 rays per min. Mineral
Inclusions: 136: prismatic crystals present;
(137: prismatic crystals in upright and/or
square ray cells); 142: prismatic crystals in
chambered axial parenchyma cells
(L. Awoyemi, A. A. Oteng-Amoako & P. Baas)

Growth and development Diospyros son-
20-miniho grows slowly. Young foliage of trees
is red. In West Africa flowering is usually from
March to July, but in C6te d'TVoire sometimes
also in November-December. Fruits ripen
about 3 months later, often towards the end of
the rainy season, butthey may persist for more
than 6 months. They are eaten by animals such
as chimpanzees, which probably serve as seed
dispersers.

Ecology Diospyros songo-miniho occurs in
humid evergreen forest up to 500 in altitude,
preferring well-drained, base-poor and acidic
soils and avoiding swamps and rocky sites

Propagation and planting Although Dios-
pyros songo-miniho is considered a shade bear-
er, vigorous saplings are most common in small
to medium-sized gaps in the forest. In forest in
Ghana germination of seeds is usually recorded
in May-June

Harvesting Caution is needed during har-
vesting operations because logs may have brit-
tle heart

Genetic resources Diospyros sonzo-miniho
is locally common in West Africa, e. g. in some
regions in C6te d'TVoire and Ghana, but it
seems to be less common in Central Africa. It

may become endangered by genetic erosion as
a result of on-going deforestation

Prospects Although Diospyros sonzo-miniho
does not produce the blackish ebony wood
which is in high demand on the international
market, its wood is valued for domestic uses. It
seems to have little prospects as commercial
timber tree, but research on its propagation
and sustainable management in natural forest
is recommended. The antimalarialproperties of
the bark deserve more research attention be-

cause they may offer possibilities for the devel-
opmentofnew drugs.

Major references Bolza & Keating, 1972;
Burki11, 1994; de Koning, 1983; ITvine, 1961;
Kryn & Fobes, 1959; Kunke1, 1965; Letouzey &
White, 1978c; Sallenave, 1955

Other references Aubr6ville, 1959c; Cooper
& Record, 1931; Danforth & Noren, 1997; de in
Mensbruge, 1966; Hawthorne, 1995; Haw-
thorne & Jongkind, 2006; Letouzey & White,
1970b; Neuwinger, 2000; Raponda-Walker &
Sillans, 1961; Savill & Fox, 1967; Takahashi,

1978; Tangmouo at a1. , 2009; Tangmouo at al. ,
2010; Taylor, 1960; Vivien & Eaure, 1985;
White, 1963; White, 1978b; White, 1987

Sources of illustration Letouzey & White,
1978c.

Authors E. A. Obeng & A. A. Oteng-Amoako
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DISTEMONANTHUSBENTHAMIANUS Baill.

Protologue Hist. PI. a 135 (1870).
Family Caesalpiniaceae or. ,eguminosae - Cae-

salpinioideae)
Chromosome number2n=24

Vernacular names African satinwood, yel-
low satinwood (En). Movingui(Fr)

Origin and geographic distribution Diste-
mononthus benthomionus occurs from Guinea

and Sierra Leone eastward to Gamero0n, and
southward to Gabon and southern Congo.

Uses The wood, traded as 'movingui','African
satinwood' and 'yellow satinwood', is used for a
variety of purposes such as heavy construction
including hydraulic works, heavy flooring, car-
pentry, mine props, ship building, vehicle bod-
ies, railway sleepers, furniture for Interior as
well as exterior use, cabinet making, sporting
goods, musical Instruments, crates, boxes, agri-
cultural implements, tool handles, vats for
chemical products, shingles, carvings, turnery,
veneer and plywood. It is also used as firewood
and for charcoal production.
The bark is used in traditional medicine

Pounded bark is applied to skin complaints
including furuncles and abscesses, used as a
sniff against epilepsy, taken to treat palpita-
tion and used as an enema to treat hepatitis
Bark decoctions are used in a bath or as a va-

.

Distemononthus benthomionus - wild

L.

o

,^

..



316 TIMBERS2

pour bath to treat bronchitis, rheumatism, and
fever including malaria. In Nigeria twigs are
used as chewing sticks. The yellow dye from
the roots has been used for body decoration.
The tree Is used in many local ritual ceremo-
nies.

Production and international trade In 1983

C6te d'Ivoire exported 38,000 ms of 'movingui'
logs, but only 180 ina in 1996. In 1999 'inov-
ingui' timber ranked 10th on the list of most
important export timbers of Gabon, with
28,000 ina of logs exported. In 2000 Gabon ex-
ported 36,000 in3 of logs, but the amount de-
creased to 12,000 ina in 2009. In 2004 Congo
exported 4000 ms of sawn Distemononthus
benthomionus wood at an average price of Us$
1341m3, and 1200 main 2009. In 2005 export of
sawn wood from Cameroon was 14,000 ina at
an average price of Us$ 3401m8, and in 2006
12,000 in3 at an average price of 5141m3. In
2009 Cameroon exported 5000 ina of logs and
5500 in3 of sawn wood. The bark is sold in local
markets in Gabon for medicinal purposes. In
Ghana considerable volumes of Distemonon-

thus benthomio, Ius wood are exported, mainly
as sliced veneer and mouldings

Properties The heartwood is yellow to gold-
en yenow, darkening to orange-brown upon
exposure, sometimes with pinkish brown
streaks, and distinctly demarcated from the
whitish to greyish or straw-coloured, up to 4
cm wide sapwood. The grain is wavy to inter-
locked, texture medium to fine and even. The
wood is slightly lustrous and quite decorative.
Radialsurfaces show a ribbon figure. The wood
is not recommended for the manufacture of
laundry and kitchen equipment because it of-
ten contains a yellow, water-soluble extractive.
The wood is medium-weight to fairly heavy,
with a density of 570-860 kg/ina at 12% inois-
ture content, and fairly hard. It air dries well
but quite slowly, with little degrade, but with a
slight tendency of developing end checks and
surface checks. The rates of shrinkage are low
to medium, from green to oven dry 3.0-4.4%
radial and 5.0-7.2% tangential. Once dry, the
wood is moderately stable to stable in service.
At 12% moisture content, the modulus of rup-
ture is (103-)140-207 N/mm2, modulus of elas-
ticity 8400-12,950(-14,740) N/min2, coinpres-
SIon parallel to grain 45-69(-85) N/min2, shear
12.5-14.5 N/min2, cleavage 12.5-21.5 N/mm,
Janka side hardness 5470-6290 N, Janka end
hardness 7330 N and Chalais-Meudon side
hardness (2.9-)4.3-7.7
The sawing and working characteristics are

variable depending on the amounts of silica
and exudate in the wood. Fresh wood is quite
easy to saw, but dry wood more difficult and
may cause over-heating of saw blades. When
the silica content is high, stellite-tipped saw
teeth and tungsten-carbide cutting edges are
recommended; the wood may contain up to
1.3% silica. Quarter-sawn surfaces may show
picking up of grain in moulding and planing
operations, and a reduced cutting angle of 20'
is recommended. The wood can take a nice fin-

ish and polishes wellwhen a filler is used. The
nailing and screwing characteristics are vana-
ble; splitting may be a problem and pre-boring
is advised, but the wood holds nails and screws
well. It glues satisfactorily. The use of a filler is
recommended before painting. The steam bend-
ing properties are good. The wood can be sliced
for the production of good-quality veneer. It
can also be peeled, but this is rarely done be-
cause the veneer is not nicely figured. Steam-
ing of the wood for 48 hours before slicing or
peeling is needed to obtain veneer with a good
flexibility. Tests showed that the wood is well
suited for the production of glued laminated
elements

The heartwood is moderately durable, being
moderately resistant to fungal and termite
attacks, and quite resistant to dry-wood borer
attack. In tests in Turkey, the wood showed
good durability against marine borers, but this
may depend on the silica content. The heart-
wood is resistant to Impregnation with pre-
servatives. The saw dust may cause dermatitis
in wood workers

The wood contains 37% cellulose, 27% Iignin,
12.5% pentosan, 2.7% ash and (0.2-)0.4-0.8 (-
1.3)% sinca. The solubility is 13.0% in alcohol-
benzene, 1.3% in hot water and 16.1% in a I%
NaOH solution.

Aqueous and chloroform extracts of the bark
showed in-vitro antibacterial activity against
several bacteria imphcated in oral and dental
infections. The extract contained tannins, ster-
oids, saponins and alkaloids

Adulterations and substitutes In Ghana

the wood of Distemononthus benthomionus is
considered a substitute for the woods of Stercu-

Ito oblongo Mast. , NOMcleo diderrichii (De
Wild. & T. Durand) Merr. and Piptodeniostrum
of neonum (Hook. f. ) Brenan. The wood proper-
ties are coinparable to European beech and
oak

Description Deciduous medium-sized to large
tree up to 40 in tall; bole branchless for up to
25 in, usually straight and cylindrical, up to
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0.5 cm long, brown hairy, I-celled, style c. 0.5
cm long, glabrous. Fruit a flattened elliptical
pod 7-13 cm x 2.5-3.5 cm, papery, reticulately
veined, indehiscent, 2-5-seeded. Seeds flat-
tened elliptical, c. I cm x 0.5 cm, glossy brown.
Seedling with epigeal germination; hypocotyl
4-5 cm long, quadrangular, epicotyl c. 0.5 cm
long; cotyledons leafy, obovate, up to 2 cm long;
first 2 leaves opposite, simple

Other botanical information Distemonon-
thus comprises a single species and seems to
have a rather Isolated position

Anatomy Wood-anatoimcal description OAWA
hardwood codes)
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-
Iygona1; 25: intervessel pits small(4-7 pin); 26:
intervessel pits medium (7-10 pin); (27: inter-
vessel pits large (Z 10 ILm)); 30: vessel-ray pits
with distinct borders; similar to intervessel pits
in size and shape throughout the ray cell; 42:
mean tangential diameter of vessellumina
100-200 pin; 47: 5-20 vessels per square inn-
limetre; 58: gums and other deposits in heart-
wood vessels. Tracheids and fibres: 61: fibres

with simple to minutely bordered pits; 66: non-
septate fibres present; 69: fibres thin- to thick-
walled. Axial parenchyma: 80: axial parenchy-
ina allform; 82: axial parenchyma winged-
anform; 83: axial parenchyma confluent; (85:
axial parenchyma bands more than three cells
wide); (89: axial parenchyma in marginal or in
seemingly marginal bands); 92: four (3-4) cells
per parenchyma strand; 93: eight (5-8) cells
per parenchyma strand. Rays: 97: ray width I-
3 cells; 106: body ray cells procumbent with one
row of upright and/or square marginal ceUs;
107: body ray cells procumbent with mostly 2-4
rows of upright and/or square marginal cells;
1/3: disjunctive ray parenchyma cell walls
present; 1/5: 4-12 rays per mm. Stoned struc-
ture: 1/8: all rays storied; 120: axial paren-
chyma and/or vessel elements stoned. Mineral
inclusions: 136: prismatic crystals present; 140
prismatic crystals in chambered upright and/or
square ray cells; 142: prismatic crystals in
chambered axial parenchyma cells; 159: silica
bodies present; 160: silica bodies in ray cells;
161: silica bodies in axial parenchyma cells
(R. Shanda, P. E. Gasson & E. A. Wheeler)

Growth and development Growth of seed-
lings in the nursery is slow; they reach 10-25
cm in height after 5 months. In Guinea they
were on average 100 cm tall when planted in
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Distemononthus benthomionus - I, 60se of
601e, 2, flowering twig, 3, flower, 4, fruit.
Redrown grid udopted by G. WE. uon den Berg

130 cm in diameter, often with short, rounded
buttresses; bark surface smooth, orange to red,
becoming pale green to yellowish, peeling off in
large, irregular patches, inner bark thin, fi-
brous, cream-coloured to orange or pink-brown,
sticky; crown umbrella-shaped, fairly open;
twigs short-hairy but soon glabrous, purplish.
Leaves alternate, Imparipinnately compound
with (4--)7-Ile13) leaflets; stipules narrowly
oblong, c. 7 mm long, caducous; petiole (I-)2-4
cm long, rachis 6-18 cm long; petiolules 3-6
mm long; leaflets alternate, ovate to elliptical,
(3.5-)5-10 cm x (1.5-)2.5-5 cm, rounded at
base, usually short-acuminate at apex, thick-
papery, slightly hairy below, pinnately veined
with 8-13 pairs of lateral veins. Inflorescence
an axillary panicle-like cyme up to Toe30) cm
long, short-hairy. Flowers bisexual, slightly
zygomorphic, showy; pedicel slender, up to I
cm long, hairy; sepals 5, free, lanceolate, c. I
cm long, 2 broader than other 3, recurved, red-
dish brown; petals 3, free, narrowly elliptical,
slightly longer than sepals, I slightly broader
than other 2, white; stamens 2, up to 1.5 cm
long, rudimentary stamens 3; ovary superior, c.
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moderate shade and 160 cm in fullsun 2 years
after planting. The survival rate of seedlings
planted at 625 plants/ha in Gabon was 100%
after one year when planted in the open as well
as in opened-up forest, and after 6 years it was
80% and 60%, respectively. After 6 years the
mean height was 11 in and the mean hole di-
ameter 10 cm when planted in the open and 6.5
in and 4.5 cm, respectively, when planted in
the forest. After 11 years the mean height was
16.5 in and the mean hole diameter 11.5 cm in

the open and 11 in and 6 cm, respectively, in
the shade. The mean annual diameter growth
of the hole in natural forest is estimated at 3-4
mm. In an arboretum in Cameroon, the mean
annual diameter growth of planted trees with-
out thinning was 5 min, but it varied widely
from I min to 11 min.

Trees may start to fruit when the hole is only
20 cm in diameter, but only trees with a hole
diameter of more than 40 cm fruit regularly
The tree is leafless for a short period. New foli-
age is coppery red and followed by the quite
conspicuous flowers. In Liberia flowering is in
January-February and in Ghana usually in
February-July, and fruits ripen about 6
months later. Fruiting is reported to be sparse
and not annually. In Central Africa fruiting
usually occurs at the end of the short dry sea-
son. The fruits are dispersed by wind up to 50
in from the mother tree. Monkeys and parrots
feed on the seeds. The roots are associated with
mycorrhizae.

Ecology Distemononthus benthomionus oc-
curs in evergreen and moister types of semi-
deciduous forest, also in disturbed forest but
not in swampy locations. In West Africa it is
more common in moist semi-deciduous forest

than in evergreen forest. It prefers regions
with a mean annual rainfall of 2000 mm. It
does not appear to have any soilpreference.

Propagation and planting Distemonon-
thus benthomionus is classified as a non-

pioneer light demander, and natural regenera-
tion is limited in mature forest; few saplings
are found in forest with a closed canopy. How-
ever, seedlings and saplings can be found in
the understorey of the forest and tolerate
shade. Regeneration in disturbed forest may
occur, but is neither abundant. However, in
Gabon seedlings have been reported to be local-
Iy abundant in secondary and planted forests
To promote regeneration, it was proposed to
open the forest canopy just before the trees
fruit.

The seeds are difficult to collect, mainly be-

cause fruiting is Irregular. There are about
2500 seeds per kg. The seeds take 2-6.5 weeks,
sometimes to 5 months, to germinate after sow-
ing and the germination rate is generally inod-
erate, in Guinea 13-26%, although it has also
been reported to be 90%. Soaking the seeds in
water for 24 hours or in sulphuric acid for 30
minutes promotes germination. The fastest
growing seedlings are about 40 cm tall and
ready for planting when 4-5 months old, but
generally they need to stay in the nursery for
at least one year. Wildlings are occasionally
collected for planting. A spacing of 3 in x 3 in is
recommended for planting in the field. Diste-
mononthus benthomionus is sometimes plant-
ed in mixtures with other species having SImi-
Iar growth rates, such as Nouc!eo diderrichii
(De Wild. & T. Durand) Merr. , A1zelio bend
Harms, Bussed occidento!is Hutch. and Poro-
ingcro!obium coeruleum (Taub. ) J. Leonard

Management Distemononthus benthomionus
usually occurs scattered in the forest, occasion-
ally in small groups. In Ghana the average
wood volume has been estimated at 0.6 mama
and the total exploitable volume of trees with a
hole diameter of more than 70 cm at 250,000
ina; the annual allowable cut volume is 6300

ina. In Cameroon the average density is up to
0.3 trees with a hole diameter of more than 60

cm per ha, with a mean wood volume of up to 2
ing/ha. In Gabon the average wood volume has
been estimated at 0.3 inalba.

Harvesting Some caution is needed at fernng
because the hole may have internal stresses
and wind shakes. The minimum hole diameter
allowed for harvesting is 60 cm in C6te d'Ivoire
and Cameroon and 70 cm in Ghana and Gabon.

Yield One large tree may yield 8-15 ing of
wood.

Handling after harvest Logs are fairly
durable and can be left in the forest for some
time after felling without serious deterioration
However, the sapwood is susceptible to fungal
and borer attacks, and deep splits may develop
In the logs if they are left too long. Logs sink in
water and cannot be transported by river.

Genetic resources Distemononthus bentho-
intoitus Is widespread, but usually occurs scat-
tered in the forest in low densities. In general,
it does not seem to suffer from genetic erosion
at present, also because it is commonly found
in secondary forest and Is exploited on a inod-
erate level, but locally it may be vulnerable,
e. g. in southern Cameroon where it is consid-
ered to be susceptible to genetic erosion due to
logging activities. Monitoring of the popula-



tions is recommended.

an analysis of the spatial genetic structure of
Distemononthus benthomionus in Garnero0n
and Gabon showed the existence of 3 clearly
differentiated gene pools, probably as a result
of forest fragmentation in cool and dry periods
in the past when the species survived In some
relict populations, from which it expanded
again when the climate became warmer and
wetter

Prospects There is an export market for the
durable and multipurpose timber of Distemo-
norithus benthomto, Ius. In Ghana it has been

suggested as a substitute of similar timbers
due towhich have become rare

exploitation, whereas in several Central Mri-
can countries it already has established a POSi-
tion amongst the more important export tim-
hers. Natural regeneration is sparse, and this
may hamper sustainable exploitation from the
forest. Research is needed on appropriate
methods of SIIvicultural management

Major references Bolza & Keating, 1972;
Burki11, 1995; CIRAD Forestry Department,
2008; CTFT, 1947; Debout, Doucet & Hardy,
2011; GUIscafre & Sales, 1975; Koumba Zaou at
a1. , 1998; 0teng-Amoako (Editor), 2006; Taka-
hashi, 1978; Voorhoeve, 1979

Other references Adjanohoun at al. (Edi-
tors), 1988; myegoro at a1. , 2008; ATIBT, 1986;
Aubr6ville, 1968; Aubr6ville, 1970; Christy at
a1. , 2003; de in Mensbruge, 1966; de Saint-
Aubin, 1963; Gassita at al. (Editors), 1982;
Hawthorne, 1995; Hawthorne & Jongkind,
2006; ITvine, 1961; Keay, 1989; Neuwinger,
2000; Ngavoura, 1990; Raponda-Walker & SII-
Ians, 1961; SIepel, Poorter & Hawthorne, 2004;
Tailfer, 1989; Vivien & Faure, 1985; White &
Abernethy, 1997.

Sources of illustration Voorhoeve, 1979;
Wilks & Issemb6, 2000

Authors F. W. Owusu & D. Louppe
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over-

Drypetes gerrurdii- wild

babwe, Mozambique, eastern South Africa and
Swaziland

Uses The wood known in Kenya as'inunyenye'
and in southern Africa as 'white bastard wood'
is locally used, mainly for poles in constructLon,
and for joinery, furniture, tool handles and
utensils. It is suitable for flooring, mine props,
ship building, vehicle bodies, sporting goods,
boxes, crates, agricultural implements and
turnery. Locally in South Africa smallDrypetes
gerrordiitrees with a hole diameter of 3-10 cm
are popular for poles in house building and
fencing. The wood is also used as firewood and
for charcoal production.
In traditional medicine, a root decoction is tak-
en to treat stomach-ache, and ground roots and
leaves are administered with water to treat

gonorrhoea. The flowers provide nectar for
honey bees.

Properties The heartwood is whitish, turn-
ing pale yellowish to greyish upon exposure,
with occasional brownish streaks, and iridis-

tinctly demarcated from the wide sapwood. The
grain is straight, occasionally slightly inter-
locked, texture fine and even
The wood is medium-weight to heavy, with a
density of 710-815 kg/in' at 12% inolsture con-
tent, and hard. It air dries slowly but well,
with only slight end-checking and warping.
The rates of shrinkage during drying are quite
high. Once dry, the wood is stable in service. At
12% moisture content, the modulus of rupture
is 147 N/mm2 modulus of elasticity 18,230
N/mm2 and compression parallel to grain 68
N/min2

The wood saws and works moderately well
with machine tools. It planes to a smooth sur-

L.

DRYPETESGERRARDliHutch.
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Protologue Dyer, F1. cap. 5(2): 405 (1920)
Family Euphorbiaceae (APG: Putranjivaceae)
Synonyms Drypetes buttiscombei Hutch

(1924).
Vernacular names Bastard white Ironwood,

forest ironwood, forest ironplum, hairy dry-
petes (En). inhambie (Sw)

Origin and geographic distribution Drype-
tes gerrordiiis widespread from southern Su-
dan, Uganda and Kenya south to hagola, Zim-

..
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face. It has a tendency to split upon nailing and
screwing, and pre-boring is advised. The peel-
Ing and slicing characteristics are not favoura-
ble. The wood is moderately durable. It is liable
to termite attack, but in South Africa it has
been recorded to be resistant to termites. The
sapwood is liable to Lyetus attack, and the
wood Is susceptible to marine borers. The
heartwood is resistant to treatment with pre-
servatives, the sapwood is moderately re-
SIStant

Several triterpenoids, a steroid and a navone
dimer have been isolated from the leaves

Description Evergreen, dioecious shrub or
small to medium-sized tree up to 20(-35) in
tall; hole branchless for up to 10 in, straight, up
to 40(-50) cm in diameter, often fluted at base
or with sharp buttresses; bark surface grey or
greyish brown, usually smooth, sometimes
flaking in rounded scales, inner bark yellowish
white to orange with white flecks; crown dense
and narrow with more or less horizontal

branches; twigs drooping, greyish, finely hairy
Leaves alternate, simple; stipules triangular, c.
I min long, soon caducous; petiole 3-10 min

long; blade ovate to rhombic-elliptical or lance-
o1ate, 2-14(-17) cm x I-7(-9) cm, curieate to
rounded and asymmetrical at base, acute to
acuminate at apex, margins toothed to nearly
entire, thin-leathery, yellowish hairy along
inidrib or nearly glabrous, pinnately veined
with 5-9 pairs of lateral veins. Flowers unisex-
ual, regular, 4-merous; pedicel up to 4 mm
long; sepals rounded, c. 3 min in diameter,
whitish yellow, densely yellowish hairy; petals
absent; male flowers in an axillary few-
flowered fascicle, with 4 stamens c. 3 min long,
disk 4-lobed; female flowers solitary, with shal-
lowly cup-shaped disk, ovary superior, densely
hairy, 2-celled, styles 2, free, reflexed, up to 1.5
min long. Fruit an obovoid to nearly globose,
slightly 2-lobed, fleshy drupe I-1.5 cm long,
short-hairy, yellowish to reddish-orange when
ripe, Indehiscent, I-2-seeded. Seeds coin-

pressed-ovoid, c. I min long, brownish with
whitish streaks

Other botanical information Drypetes
gerrurdi, Is variable and some varieties have
been distinguished, mainly based on leaf sizes
and hairiness of young shoots and petioles.
Drypetes comprises about 210 species and is
distributed throughoutthe tropics and subtrop-
ics. About 60 species occur in continental Mri-
ca and about 15 in the Indian Ocean islands.
The wood of several other Drypetes spp. is used
locally in tropical Africa.
Drypetes o12elii(Pax) Hutch. is a shrub or
small tree up to 10 in tall, occurring in West
Africa, from Sierra Leone to Ghana. Its greyish
to pale brown wood is hard, durable and quite
resistant to termites and probably used for
construction. The gum from the hole is rubbed
on the body because of its aromatic scent. Dry-
petes o12eltiis classified as vulnerable in the
IUCN Red List because it is uncommon and
suffered from decline of its habitat, i. e. wet
evergreen forest.
Drypetes orguto untill. Arg. ) Hutch. is a shrub
or small tree up to 8 in tall, occurring from
Tanzania south to eastern South Africa. In

South Africa smalllogs, with a mean length of
150 cm and mean diameter of 22 cm, are used
for walllaths in building traditional houses,
and the wood is used for sticks. The fruits are
edible and used to make an intoxicating drink.
Drypetes uubreui!lei Leandriis a small to me-
dium-sized tree up to 25 in tall with hole up to
50 cm in diameter. It is found in West Africa,
from Sierra Leone to Ghana. Its pale yellow
wood is heavy, with a density of about 960
kg/ina at 12% moisture content, and hard. It is
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used in house construction. The bark is used in

traditional medicine; it is applied externalIy to
treat bronchitis, lumbago, rheumatism and
kidney pain, and is taken as expectorant
Drypetes oylmeri Hutch. & Dalzielis a small
tree up to 13 in tall, with hole up to 25 cm in
diameter. It is also found in West Africa, from
Sierra Leone to Ghana. Its whitish wood is

hard, durable and quite resistant to termites,
and used in house construction.

Drypetes bothiei Capuron & Leandriis a shrub
up to 4 in tall, occurring in northern and east-
ern Madagascar. Its hard wood is used for con-
struction, toolhandles and sticks.
Drypetes caustico (Frapp. ex Cordem. ) Airy
Shaw is a small to medium-sized tree up to 20
in tall, endemic to Reunion and Mauritius. The
wood has been used for construction, but Dry-
petes COMsticu has become rare and exploitation
should be discouraged.
Drypetes noribundo untill. ATg. ) Hutch. is a
smalltree up to 10 in tall, occurring from Sen-
egal east to DR Congo in dry forest and savan-
na. Its whitish wood is hard and used in house

construction and for poles, and also as fire-
wood. The pulp of the orange-red fruits is edi-
ble, and twigs are used as chew-sticks for
cleaning the teeth
Drypetes gilgiono (Pax) Pax & K. Hoffm. is a
shrub or smalltree up to LOG15) in tall, with
hole up to 25 cm in diameter. It occurs from
Senegal east to Cameroon in various forest
types. Its pale brown wood is hard, and used in
traps for animals and probably also for con-
struction. The pulp of the orange-red fruits is
sweet and edible, but notcommonly consumed
Drypetes gossweileri S. Moore is a medium-sized
tree up to 30(-40) in tall, with bole up to 100(-
120) cm in diameter, occurring from Nigeria
east to the Central African Republic and DR
Congo. Its pale yellowish brown wood, with a
density of 760-800 kg/ina at 12% moisture con-
tent, is commonly used in house building and
for joinery. However, the applications of the
bark in traditional medicine are more jin-

portant
Drypetes mossombicensis Hutch. is a shrub or
small to medium-sized tree up to 20 in tall,
with hole up to 60 cm in diameter. It is found
in woodland, often along rivers, in Malawi,
Zambia, Zimbabwe, Mozambique and northern
South Africa. The pale brown to yellowish
brown wood, which has a density of about 970
kg/ms at 12% moisture content, is used for
household utensils and ornaments. The fruits

are edible and locally popular

Drypetes perrut/ono (Mtill. A"g. ) Pax & K. Hoffm
is a shrub or smalltree up to 6 in tall. It occurs
in West Africa from Sierra Leone to Nigeria,
and in East Africa in Kenya and Tanzania. Its
wood is locally used in house construction,
mainly for poles
Drypetes roxburghii(Wall. ) Hurus. originates
from tropical Asia and has been introduced in
some regions of West and East Africa, where it
is mainly planted as ornamental shade tree. In
tropical Asia its wood is used for construction
and turnery, whereas the leaves and fruits are
used in traditional medicine and the leaves as

forage
Anatomy Wood-anatomical description CAWA

hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22
intervessel pits alternate; 25: intervessel pits
small(4-7 F1m); 30: vessel-ray pits with distinct
borders; similar to Intervessel pits in size and
shape throughout the ray cell; 41: mean tan-
gential diameter of vessellumina 50-100 prn;
47: 5-20 vessels per square minimetre. Trache-
Ids and fibres: 61: fibres with simple to minute-
Iy bordered pits; 66: non-septate fibres present;
70: fibres very thick-walled. Axial parenchyma:
76: axial parenchyma diffuse; 77: axial paren-
chyma diffuse-in-aggregates; (86: axial paren-
chyma in narrow bands or lines up to three
cells wide); 87: axial parenchyma reticulate;
(93: eight (5-8) cells per parenchyma strand);
94: over eight cells per parenchyma strand.
Rays: 97: ray width I-3 cells; (100: rays with
multiseriate portion(s) as wide as uniseriate
portions); 102: ray height > I min; 106: body
ray cells procumbent with one row of upright
and/or square marginal cells; 107: body ray
cells procumbent with mostly 2-4 rows of up-
right and/or square marginal cells; 1/6: z 12
rays per mm. Mineral inclusions: (136: pris-
matic crystals present); (137: prismatic crystals
in upright and/or square ray cells); (138: pris-
matic crystals in procumbent ray cells)
re. Mugabi, P. E. Gasson & E. A. Wheeler)

Growth and development Young leaves of
Drypetes gerrordii are reddish. Larvae of the
butterfly Coeliodes libeo, I feed on the leaves. In
southern Africa, flowering trees have been rec-
orded from September to November, and ripe
fruits from October to April. The fruits are
eaten by animals such as birds and monkeys,
which serve as seed dispersers

Ecology Drypetes gerrordii occurs in ever-
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green forest and riverme forest, sometimes also
in scrub vegetation, at 600-2300 in altitude. It
is usually found in more dry forest types, but
occasionally also in more humid rainforest.

Propagation and planting The 1000-seed
weight is about 12 g. In an experiment in
Uganda, seeds germinated on average 39 days
after sowing at a low germination rate of
17.5%

Management Small-sized Drypetes gerrordii
trees (up to 10 cm in hole diameter) are locally
common in the forest understory in South Mri-

with recorded densities of 130averageca,

stems per ha, of which an average of 18 stems
per ha are harvested to serve as poles. Trees
can be coppiced. In South Africa nearly 50% of
cut stems showed CDPpice regeneration.

Genetic resources Drypetes gerrordiiis not
only widespread but also locally common; its
exploitation seems to be moderate, and there-
fore it is not threatened by genetic erosion,
although locally over-exploitation for poles and
firewood may occur

Prospects Drypetes gerrordii and other Dry-
petes spp. do not play a role on the internation-
altimber market, and in view of their usually
small hole size it is unlikely that this will
change. However, the usually quite heavy,
hard and fairly durable wood is locally jin-
portant for construction, especially for poles,
and research on growth rates and regeneration
is recommended to draw up directives for prop-
er management practices to ensure sustainable
production.

Major references Beentje, 1994; Bolza &
Keating, 1972; Boudreau at a1. , 2005; Burkill,
1994; Chikamai at al. , undated; Coates Pal-
grave, 1983; Hyde & Wursten, 2010b; Palmer
& Pitman, 1972-1974; Radcliffe-Smith, 1996;
Takahashi, 1978.

Other references Coode, 1982; de Boer at
a1. , 2005; Dowsett-Lemaire & White, 1990;
Gaugris at a1. , 2007; Grace at a1. , 2002a; Ichi-
kawa, 1987; Liu at a1. , 2008d; Long, 2005; Lovett
at a1. , 2007; Neuwinger, 2000; Ng'ang'a at al. ,
2008; Obiri & Lawes, 2003; Obiri, Lawes &
Mukolwe, 2002; Raddiffe-Smith, 1987a; Schmidt,
Lotter & MCCleland, 2002; Sharam, Sinclair &
Turkington, 2006; Tchinda & Sob, 2008; van
Wyk, 1972-1974; Vivien & Faure, 1996; Zanne,
Chapman & Kitajima, 2005.

Sources of illustration Noad & Birnie,
1989; Troupjn, 1983.

Authors E. A. Obeng

DUGUETiASTAUDTii(Engl. & Dials) Chatrou

Protologue Changing Gen. : 70 (1998).
Family Annonaceae
Synonyms Puchypodonthtum stoudtii(Engl.

& Diels) Engl. & Diels (1900)
Origin and geographic distribution Dugue-

tier stoudtii occurs from Sierra Leone east to

the Central African Republic and south to Ga-
bon and DR Congo.

Uses The wood of Duguetio stoudtii, known
as 'ntom' in Central Africa and as 'anjouketi' in

C6te d'TVoire, is locally used, especially in
house construction for poles and planks, but
also for carpentry and utensils; it is suitable for
flooring, joinery, interior trim, mine props,
furniture, cabinet making, toys, novelties, box-
es, crates, vats, food containers, turnery, ve-
neer and plywood.
The bark is used in hut construction for watts,
partitions and doors. It is commonly used in
traditional medicine. Bark decoctions are taken

to treat colds, cough and other complaints of
the respiratory tracts, and as anodyne, purga-
tive, arithelmintic and aphrodisiac. They are
used as mouth wash against toothache, and to
wash the hair to get rid of lice. A paste of
pounded bark is applied externalIy to treat
smallpox and measles. The bark is also used to
treat tumours, oedema, leprosy and gonor-
rhoea. Pulped bark with cola nut is taken
against gastro-intestinal problems. Leaf decoc-
tions are applied in mixtures to wash the body
to treat measles. In C6te d'TVoire stem bark is

used as an ingredient in the preparation of
arrow poison.

Production and international trade The

wood of Duguetio stoudtiiis only used locally
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and not or rarely traded on the international
market.

Properties The heartwood is pale yellow to
yellowish brown or greenish brown, indistinctly
demarcated from the slightly paler, up to 8 cm
wide sapwood. The wood is susceptible to dis-
colouration to a greyish tinge. The grain is
straight, texture moderately coarse.
The wood is medium-weight to fairly heavy,
with a density of 670-830 kg/ms at 12% ino1s-
ture content, moderately hard and tough. It air
dries well without serious degrade, except oc-
casional end checking. The rates of shrinkage
are rather high, from green to oven dry 3.4-
5.9% radial and 8.2-10.6% tangential. In Libe-
ria boards of 2.5 cm thick could be air dried

from green to 20% moisture content in 6 weeks.
No defects were observed in kiln drying the
wood from 60% to 20% moisture content in 72

hours,

At 12% moisture content, the modulus of rup-
ture is 139-168 N/min2 modulus of elasticity
8530-19,600 N/mm2, compression parallel to
grain 59-88 N/min2, shear 8 N/mm2, cleavage
16-18 N/mm, Janka side hardness 9050 N and
Chalais-Meudon side hardness 4.0-4.2.

The wood works easily with both hand and
machine tools, and has little dulling effect on
cutting edges. It can be planed to an attractive
lustrous surface, and finishes smoothly. The
nailing and screwing properties are satisfacto-
rily, and the wood glues well. It takes paints
and vanish well. The peeling and slicing char-
acteristics are good. The wood is not durable,
being susceptible to attacks by fungi and ter-
mites, although it has also been reported to be
quite resistant to termite attack; the sapwood
is liable to Lyctus attack. The wood is moder-
ately easy to treat with preservatives
The wood contains about 42% cellulose, 29.5%
Iignin, 16% pentosan, 1.7% ash and less than
0.02% silica. The solubility is 1.2% in alcohol-
benzene, 3.4% in hot water and 17.1% in a I%
NaOH solution

The bark and leaves contain alkaloids, mainly
ISOquinoline alkaloids, and the presence of
tannins has been reported in the bark and
roots. Some bisnorlignans have been isolated
from the bark, as well as the navonol pachypo-
doI, which has potent antiviral actrvity against
poliovirus. Crude bark extracts killed microfi-
Ianae and adult females of Onchocerco Dojou-
jus, the causal organism of river blindness;
oliverine was identified as active compound
2.4,5-Trimethoxystyrene has been Isolated in
larger amounts from the bark. This compound

is toxic to brine shrimp, but showed only weak
cytotoxic activity. It showed significant insecti-
cidal activity against Collosobruchus inoculo-
tus, a pest in stored cowpea, and Sitophilus
zeamais, a pest of stored maize. The essential
oilfrom the bark contained more than 70% of

2.4,5-trimethoxystyrene, and the oilshowed in-
vitro activity against Plusmodium 101cjporum
Ethanol bark extracts showed high toxicity in
tests with rats. Bark extracts showed antifun-

gal activity against Candid0 o16icons and
Clodosporium cueumerinum

Description Evergreen, medium-sized to
fairly large tree up to 35(-50) in tall; bole
branchless for up to 20 in, straight and cylin-
drical, up to 70(-90) cm in diameter, without
buttresses but sometimes slightly swollen at
base; bark surface smooth to slightly rough,
shallowly longitudinalIy fissured, yellowish to
greenish grey, inner bark thick, fibrous, with
thick granular to gritty stripes, yellow to or-
ange-brown, turning darker upon exposure,
strongly scented; crown small, with horizontal
branches; twlgs drooping, slightly hairy, be-
coming glabrous. Leaves alternate, simple;
stipules absent; petiole up to I cm long, flat-
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tened above; blade narrowly elliptical to nar-
rowly obovate, 13-34 cm x 3-8 cm, curieate to
rounded at base, sometimes slightly cordate,
acute to short-acuminate at apex, margins

wavy, leathery, sparsely appressed stellate
hairy below, pinnately veined with 10-22 pairs
of lateral veins. Inflorescence an axillary fasci-
cle on a short peduncle up to 4(-6) min long, 2-
4-flowered, densely steUate hairy; bracts up to
12 mm long. Flowers bisexual, regular, 3-
merous; pedicel up to 12 mm long, elongating
in fruit; sepals free, ovate, I-1.5 cm long,
densely stellate hairy outside; petals free, in 2
whorls, 0.5-2.5 cm long, creamy white, nearly
glabrous; stamens numerous, arranged spiral-
Iy, I-1.5 mm long, arithers nearly sessile; car-
pels free, numerous, arranged spiralIy, ovaries
I-1.5 mm long, hairy, stigmas sessile, up to I
mm long. Fruit globose to depressed ovoid, 2-7
cm in diameter, pinkish to reddish when ripe,
consisting of numerous pyramldal fruiting car-
pels fused at base; each fruiting carpel with
woody wall, fleshy reddish pulp and I seed
Seeds obovoid, I-1.5 cm long, glossy brown,
with up to 4 mm long, whitish anI at base
Seedling with epigeal germination; hypocotyl
5-7 cm long, epicotyl very short, I-2 min long;
cotyledons leafy, sessile, rounded, up to 2 cm in
diameter, soon caducous; first 2 leaves nearly
opposite.

Other botanical information DugL, etio
comprises about 90 species, with the majority
in tropical America and 4 species in West and
Central Africa. The African species have been
considered to belong to a separate genus
Pochypodunthittm, butthe results of a cladistic
analysis based on inorphological and anatomi-
cal data published in 1998 led to inclusion in
Duguetiu
Duguetio confinis (Engl. & Diels) Chatrou (sy-
nonym: Pochypodonthium confine Engl. &
Diels) is a medium-sized to fairly large tree up
to 35(-40) in tall with hole up to 85 cm in di-
ameter, occurring in Cameroon, Equatorial
Guinea, Gabon and Congo. It differs from
Dugueti0 810udtii in its densely hairy lower
leaf surface with erect stellate hairs and in its

ellipsoid fruits consisting of nearly entirely
fused carpels. Its wood, with a density of about
710 kg/ms at 12% moisture content, is similar
to that of Duguetio stot, dtii and used for SImi-
Iar purposes, especially in house construction

Anatomy Wood-anatointcal description OAWA
hardwood codes):
Growth rings: I: growth ring boundaries dis-
tinct. Vessels: 5: wood diffuse-porous; 13: sim-

PIe perforation plates; 22: intervessel pits al-
ternate; 23: shape of alternate pits polygonal;
(24: intervessel pits minute (S 4 pin)); 25: in-
tervessel pits small (4-7 pin); 30: vessel-ray
pits with distinct borders; similar to intervessel
pits in size and shape throughout the ray cell;
42: mean tangential diameter of vessellumina
100-200 prn; 46: S 5 vessels per square milli-
metre; (58: gums and other deposits in heart-
wood vessels). Tracheids and fibres: 61: fibres
with simple to minutely bordered pits; 66: non-
septate fibres present; 69: fibres thin- to thick-
walled; 70: fibres very thick-walled. Axial pa-
renchyma: 86: axial parenchyma in narrow
bands or lines up to three cells wide; 88: axial
parenchyma scalariform; 92: four (3-4) cells
per parenchyma strand; 93: eight (5-8) cells
per parenchyma strand. Rays: 98: larger rays
commonly 4- to 10-senate; 102: ray height > I
mm; (103: rays of two distinct sizes); 104: all
ray cells procumbent; 106: body ray cells pro-
cumbent with one row of upright and/or square
marginal cells; 1/5: 4-12 rays per min. Secre-
tory elements and cambial variants: (124: oil
and/or mucilage cells associated with ray pa-
renchyma)
(C. BSsien, P. E. Gasson & E. A. Wheeler)

Growth and development In West Africa
flowering is most common from February to
May and fruits usually appear in July-
September, but flowers and especially fruits
can be found nearly throughout the year. Ripe
fruits fall apart in separate carpels and are
eaten by monkeys and birds, which may serve
as seed dispersers.

Ecology Duguetio stoudtii usuaUy occurs
rather scattered in closed evergreen and dense
riparian forest, up to 900 in altitude. It can be
found in primary as well as secondary forest. It
prefers sandy localities. In Gabon it has been
reported to form occasionally nearly pure
stands in seasonalIy flooded sites

Propagation and planting There are about
4500 seeds per kg. Seeds start germinating 2-4
weeks after sowing. The germination rate is
generally high. Natural regeneration of
Duguetio stoudtii occurs in not too dense
shade; the species is considered to be a non-
pioneer light demander

Management In general, Duguetio stoudtii
occurs scattered in the forest, or in small
groups. In Liberia the average wood volume of
trees with a hole diameter of more than 50 cm

has been estimated at 0.3 matha. In forest in

Cameroon, the average number of trees with a
hole diameter of more than 15 cm is 0.3 per ha



with a mean wood volume of 0.5 msftia. In Ga-

bon the mean wood volume has been estimated
at 0.6 mama

Handling after harvest Logs should be re-
moved rapidly from the forest after felling be-
cause they are susceptible to attacks by fungi
and insects, and the wood is liable to discolour-
at10n

Genetic resources Duguetio stoudtiiis fair-
Iy widespread and there are no indications of
over-exploitation, and therefore it does not
seem to be threatened by genetic erosion.

Prospects Duguetio stoz, dtiiprovides a good-
quality timber that can be used for various
purposes, and that could be interesting for the
international market. Its usually straight and
cylindrical hole may offer good possibilities for
veneer production by peeling. However, more
information is needed on its natural regenera-
tion and growth rates to ensure sustainable
exploitation. Further research with regards to
potential drug development is warranted be-
cause several of the uses of the bark in tradi-
tional medicine have been supported by phar-
macologicalscreening.

Major references Bolza & Keating, 1972;
Burki11, 1985; Chatrou, 1998; Dudek, Forster &
missenbauer, 1981; Neuwinger, 1998a; Oteng-
Amoako (Editor), 2006; Takahashi, 1978; Ti-
tanji at a1. , 1990; Vivien & Faure, 1985; Voor-
hoeve, 1979

Other references Agrianiet, Menut & Bes-
store, 2004; Atindehou at a1. , 2002; Aubr6ville,
1959b; Chatrou, Koek. Noorman & Maas, 2000;
Cooper & Record, 1931; de to Mensbruge, 1966;
de Saint-Aubin, 1963; Hawthorne, 1995; Haw-
thorne & Jongkind, 2006; ITvine, 1961; Koona
& Bouda, 2004; Kryn & Fobes, 1959; Kunkel,
1965; Neuwinger, 2000; Normand & Paquis,
1976; Raponda-Walker & Sillans, 1961; Savill
& Fox, 1967; Tailfer, 1989; White & Ahemethy,
1997; Wilks & Issemb6, 2000.

Sources of illustration Voorhoeve, 1979;
Wilks & Issemb6, 2000.

Authors R. B. Jiofack Tafokou & S. Konsala
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Dupuyo mudugoscoriensis - wild

yo ingdogoscoriensis is endemic to Madagas-
car, where it is widespread from the northern
to the south-western parts

Uses The wood, known and locally traded as
'ariakaraka', is in demand because of its dura-
binty for beams, posts, frames and planks in
house construction, for parquet flooring, car-
pentry, naval construction and shingles, and in
boat building. It is suitable for mine props,
vehicle bodies, sporting goods, agricultural
implements, railway sleepers and turnery
Dupuyo madogoscoriensis is traditionally used
as fish poison.

Production and international trade The

wood of Dupuyo ingdogoscoriensis is probably
nottraded on the international timber market

Properties The heartwood is yellowish
brown to dark brown and distinctly demarcat-
ed from the yellow-white, up to 6 cm wide sap-
wood. The grain is usually straight, texture
rather coarse. The wood is slightly oily to the
touch

The wood is heavy, with a density of 870-1050
kg/ing at 12% moisture content, and hard. It air
dries fairly well, but slowly. The rates of
shrinkage are moderate, from green to oven
dry 2.7-4.7% radial and 4.1-6.5% tangential
Once dry, the wood is stable to moderately sta-
ble in service. At 12% moisture content, the
modulus of rupture is 140-208 N/mm2, inodu-
Ius of elasticity 10,700-19,800 N/mm2, coin-
pression parallel to grain 65-85 N/mm2 and
Chalais-Meudon side hardness 8-12.5. The

wood is fissile and low resistance to shocks.

The wood saws and works well, butthe dulling
effect on saw teeth can be considerable because

the wood may contain silica. It can be finished
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DUPUYAMADAGASCARIENSIS (R. Vig. )
J. H. KITkbr.

..

Protologue Novon 15(2): 310 (2005).
Family Caesalpiniaceae q. ,eguminosae - Cae-

salpinioideae)
Synonyms Cordy!o madogoscoriensis R. Vig

(1949)
Origin and geographic distribution Dupu-
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to a smooth but dull surface. Pre-boring is
needed for nailing, but the holding capacity for
nails and screws is good. The wood polishes
well. The wood is durable, being resistant to
fungi, termites and moderately resistant to
borers, Including marine borers. It is resistant
to impregnation with preservatives.

Description Deciduous medium-sized tree
up to 20(-25) in tall; hole usually straight and
cylindrical, up to 60(-90) cm in diameter; bark
surface fissured and scaly with elongate scales,
greyish brown to dark grey; crown rounded,
large, dense; twigs glabrous. Leaves arranged
spiralIy, Imparipinnately compound with 15-43
leaflets; stipules curved, up to 4 min long, ca-
ducous; petiole and rachis together up to 18.5
cm long, with 2 narrow ridges; petiolules up to
I min long;leaflets usually alternate, narrowly
obovate to narrowly elliptical or oblong, (I-)
1.5-4 cm x 0.5-Tel. 5) cm, oblique at base,
rounded to notched at apex, margins entire to
slightly crenate, nearly glabrous, with translu-
cent dots and streaks, pinnately veined. Inno-
rescence a terminal raceme up to 18 cm long,

sparsely hairy; bracts sinaU. Flowers bisexual,
regular; pedicel c. 05 cm long; hypanthium
cup-shaped, c. 2 min long, greenish; calyx inI-
tially entire but splitting into 2(-4) lobes; pet-
als absent; stamens numerous, Inserted at rim
of hypanthium, I-1.5 cm long, white, with in-
ner row of rudimentary stamens up to 2.5 mm
long; ovary superior, elllpsoid, I-celled, on a
long stipe, style short. Fruit an ellipsoid to
cylindrical, indehiscent, berry-like pod 3.5-
6.5(-10) cm x 2-3.5 cm, reddish brown to dark
brown, with stipe of up to 3.5 cm long, with I-3
seeds embedded in whitish pulp. Seeds oblong-
ellipsoid, 1.5-2 cm long, with reddish brown
seed coat and thick endosperm. Seedling with
hypogealgermination.

Other botanical information Dupuyo
comprises 2 species and is endemic to Mada-
gascar. It has recently been separated from
Cordylo based on the presence of staininodes
and on differences in seed morphology, but this
was not supported by a study on the distribu-
tion offIavonol pentaglycosides in the leaves of
Cordylo, DLLpuyo and the closely related Mild-
670ediodendron. Traditionally, these genera
have been placed in Goesolpinioceoe (Legumi-
nosoe - Goeso!pintotdeoe), but chemistry, cytol-
ogy, palynology and wood anatomy support the
inclusion in Pupiltonoceoe (Legumtnosoe - Po-
pittonoideoe), and this is also supported by
molecular studies

Dupuyo horoko (Capuron) J. H. Kirkbr. (syno-
nym: Cordylo horoho Capuron) is a medium-
sized to fairly large tree up to 35 in tall, with
hole up to 80(-100) cm in diameter, occurring
in evergreen rainforest in northern and eastern
Madagascar, where it is considered vulnerable.
It differs from Dupuyo madoguscorie, 1sts in its
leaves with 6-13 0bovate to elliptical leaflets
The reddish brown wood is used in house con-
struction and for boats.

Dupuyo ingdogoscoriensis is subdivided into
two subspecies; subsp. inodogoscoriensis is
widespread, subsp. tornorindotdes (Capuron)
J. H. mrkbr. , which has more numerous leaf-
lets, is restricted to northern Madagascar.

Anatomy Wood-anatorntcal description OAWA
hardwood codes):
Growth rings: (I: growth ring boundaries dis-
tinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 pin); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
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shape throughout the ray cell; 42: mean tan-
gential diameter of vessellumina 100-200 pin;
46: S 5 vessels per square minimetre. Trache-
Ids and fibres: 61: fibres with simple to minute-
Iy bordered pits; 66: non-septate fibres present.
Axial parenchyma: 80: axial parenchyma an-
form; 82: axial parenchyma winged-alitorm; 83:
axial parenchyma confluent; 89: axial paren-
chyma in marginal or in seemingly marginal
bands; 91: two cells per parenchyma strand;
92: four (3-4) cells per parenchyma strand
Rays: 97: ray width I-3 cells; 104: all ray cells
procumbent; 106: body ray cells procumbent
with one row of upright and/or square marginal
cells; 115: 4-12 rays per min. Mineral inclu-
SIons: 136: prismatic crystals present; 142
prismatic crystals in chambered axial paren-
chyma cells.
(P. 06tienne)

Growth and development Seedlings prefer
much sunlight, and Dupuyo madogoscoriensis
is considered a pioneer. The average annual
growth is about 40 cm. Trees flower in Septem-
ber-November. Fruits ripen 6-8 months later,
in May-June. They are eaten by siraka (Pro-
pithecus) lemurs, which may disperse the
seeds.

Ecology Dupuyo inodogoscoriensis occurs in
dry forest up to 600(-900) in altitude, often
together with Comintphoro spp. The mean an-
nualrainfall in the area of distribution is 500-
1200 min, with 5-7 dry months. The mean an-
nualtemperature is 24'C. Dupuyo mudogoscu-
riensis occurs on well-drained, sandy, sandy-
loamy or calcareous soils. Near Morondava it is
usually found on medium-fertile to infertile
soils

Propagation and planting Ripe fruits,
characterized by a hard and brown wall, can be
collected from the tree or from the ground, but
it is recommended to pick them from the trees
to avoid insect attack. They are often beaten in
a bag to extract the seeds, which are dried in
the sun for I-2 days. The 1000-seed weight is
1200-1300 g. Dried seeds stored in a cool and
dry locality still have a fair germination rate
after 1.5-2 years, up to 84%. However, seeds
stored for only 6 months showed a germination
rate of only 30-40%, which may be a result of
partial seed dormancy. Seeds are immersed in
water for 24-48 hours to promote germination
They are sown in a seed bed in the nursery at a
distance of 10 cm x 10 cm in the shade, and are
covered by 2-3 cm of soil. Germination starts 9
days after sowing and it may continue for over
50 days. The seedlings are pricked out and

planted in nursery beds at the same spacing.
The seedlings can be planted into the field af-
ter 12 months, when they have reached a
height of about 50 cm with a stern diameter of
I cm. However, direct seeding into the field is
also practised. Seedlings should be protected
from rodents and wild pigs. Propagation by
cuttings and suckers is possible

Genetic resources Dupuyo mudoguscor!-
errsis is widespread and not uncommon, but it
occurs in regions with a native vegetation that
is highly fragmented. Although several pro-
tected areas fall within its distribution, it is
found in the IUCN Red List, classified as lower
risk I near threatened. Dupuyo horoho Is clas-
sifted as vulnerable. The wood of both species
is highly valued and selective logging results in
more pressure on the populations

Prospects Dupuyu inodogoscorzensis and
Dupuyo herruho are both subject to more orless
uncontrolled harvesting. Much more infor-
mation is needed on standing stocks, growth
rates, propagation and adequate management
measures to give recommendations for sus-
tainable harvesting

Major references Blaser at a1. , 1993; Bolza
& Keating, 1972; CFPF, 2008; du Puy & Labat,
1998; du Puy at a1. , 2002; Gu6neau, Bedel &
Thie1, 1970-1975; mrkbride, 2005; Parant,
Chichignoud & Rakotova0, 1985; Takahashi,
1978

Other references Bezzola, Schroff & Mi-
chaud, 1985; Bolteau, Bolteau & NIOrge-
Boiteau, 1999; Gu6neau & Gu6neau, 1969;
Schatz, 2001; Veitch, Kite & Lewis, 2008

Sources of illustration du Puy at a1. , 2002.
Authors S. Rakotonandrasana
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EHRETIACYMOSAThonn.

Protologue Schumach. , Beskr. Gum. PI. : 129
(1827).

Family BOTaginaceae
Origin and geographic distribution Ehretio

cymoso is very widespread, from Sierra Leone
east to Ethiopia and Kenya, and south to Zim-
babwe and Mozambique; also in Comoros, Ma-
yotte and Madagascar

Uses The wood is used for furniture, cabinet
work, poles, tool handles and yokes. It is also
used as firewood and for making charcoal
The twigs serve as chewing-sticks for main-
taming tooth and gum hygiene. Many plant
parts are used in traditional medicine. A leaf
infusion is taken and used as a wash to treat
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Ehretio cymoso - wild

fever and convulsions. Leaf sap is reportedIy a
mild laxative and is applied as a haemostatic.
Leaf decoctions serve as a treatment for stiff-
ness, toothache and hypertherinia. In Ghana
leaf poultices are applied to fractured bones to
promote healing. Leafy twigs are used in mix-
tures with parts of other plants to treat gastric
ulcers. Root and leaf decoctions are adminis-

tered to treattetanus and dysentery. Roots and
leaves are considered to be aphrodisiac. Bark
and root decoctions are taken as a treatment
for menstruation problems, and a bark decoc-
tion is applied externaUy against skin diseases
The Maasai people use the roots to treat bru-
cellosis. In Ethiopia crushed roots in water are
taken against stomach complaints. Rootjuice is
applied to wounds
The leaves serve as fodder. Ehretio cymoso is
locally Important as livestock feed in agrofor-
estry systems in Ethiopia. The leaves make a
good mulch. The fruits are edible. The flowers
are a source of nectar and pollen for honey
bees. Ehretio cymoso is planted as an orna-
mental tree, e. g. in Kenya and Uganda

Properties The wood is greyish brown with
alternate darker and lighter bands, and Ius-
trous. The texture is moderately fine and even.
The wood is moderately lightweight, with a
density of 480-550 kg/in3 at 12% moisture con-
tent, and not durable
In an in-vitro test utilizing rat calvarial bone,
aqueous leaf extracts showed stimulation of
bone remodelling. Roots and leaves are report-
edly toxic, but livestock browse on the leaves
apparently without adverse effects. Analyses of
the leaves even showed good nutritional values
for ruminants, except the micronutrient levels

ofNaand Cu

Botany Deciduous shrub or small to medi-
urn-sized tree up to 20(-25) in tall; hole often
low branching and crooked, up to 30 cm in di-
ameter; bark surface grey to pale brown, with
prominent lenticels, inner bark soft, white,
spotted with orange-brown, quickly turning
brown upon exposure; crown spreading, often
with drooping branches; twigs short-hairy but
soon becoming glabrous. Leaves arranged spi-
rally, simple and entire; stipules absent; peti-
o1e I-3.5 cm long, slightly grooved; blade ellip-
ticalto ovate-oblong, (4-)7.5-20 cm x (2-)3.5-
12 cm, curieate to rounded or slightly cordate
at base, acuminate at apex, thinly leathery,
nearly glabrous, pinnately veined with 3-8
pairs of lateral veins. Inflorescence an axillary
or terminal, strongly branched panicle up to 15
cm x 15 cm, composed of scorpioid cymes,
hairy. Flowers bisexual, regular, usually 5-
meTous, heterostylous, fragrant; pedicel up to
2(-3) mm long, jointed at base; calyx campanu-
late, 1.5-2.5 min long, lobes about as long as
tube; corolla campanulate, 4-8 mm long, white
to yellowish or pinkish white, lobes about as
long as tube, often reflexed; stamens inserted
at corolla, exserted; ovary superior, ovoid, c. I
mm long, 2- or 4-celled, style I-4 mm long, 2-
branched at apex. Fruit an ovoid to globose
drupe 2-6 min long, orange to red and eventu-
ally turning black, splitting into 4 pyrenes,
each I-seeded

Some varieties have been distinguished within
Ehretiu cymoso, based on flower size and hair-
mess of the inflorescence, but there is some
disagreement about the usefulness of this divi-
SIOn

Ehretio cymoso grows rapidly. The flowers are
commonly visited by bees, which collect nectar
and pollen and may serve as pollinator. In C6te
d'Ivoire trees flower from January to June. In
East and southern Africa fruits mature in Oc-

toher-December. The fruits are eaten by birds,
which may disperse the seeds
Ehretio comprises about 35 species, most of
them in tropical Asia (about 200, about 10 in
mainland Africa, 7 in Comoros and Madagas-
car (5 endemic) and 3 in tropical America. The
wood of several Ehretio spp. is used in tropical
Africa in similar ways as that ofEhretio cymo-
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Ehretio Qinoeno Notzsch is a shrub or small
tree up to 8 in tall, found from Kenya south to
South Africa. It has been much confused with
Ehreti0 o6tusifolio A. DC. , and care is needed to
Interpret the literature. Its wood is used for



implements and kitchen tools, e. g. pestles. Root
decoctions are used in traditional medicine to

treat pain, bleedings, swellings, pneumonia,
tuberculosis, gonorrhoea, epilepsy, vomiting,
diarrhoea, hookworm infections and menstrua-
tion problems. Bark powder is administered to
skin diseases. Leafpulp is applied to wounds.
Ehretio rigido (Thunb. ) Druce is a shrub or
small tree up to 6(-12) in tall, occurring in sa-
vanna woodland from Zimbabwe and Mozam-

bique to South Africa. It closely resembles Eh-
retiu Qinoeno and Ehreti0 o6tusifolio. Its tough
and flexible wood is probably used in the same
way as that of the 2 latter species. Root powder
is externalIy applied to wounds and burns, and
to treat pain. Root decoctions are taken to treat
menstruation problems and infertility. Ehretio
rigido is commonly browsed by livestock
Ehretio truehyphyllo C. H. Wright is a small to
medium-sized tree up to 20 in tall and hole up
to 30 cm in diameter, occurring in evergreen
and riverme forest in C6te d'Ivoire and Ghana.

Its speckled wood is used for toolhandles. Bark
decoctions are used in traditional medicine in

the same way as those of Ehretio cymoso, to
treat menstruation problems and skin diseas-

portant for traditional medicine and mulch,
and as ornamental and bee plant. It is certain-
Iy of great value for agroforestry systems, and
more research on propagation techniques and
planting is justified, as well as on phytochemis-
try and pharmacological activities. The often
poor shape of the bole is a serious drawback for
increased commercial exploitation of the tim-
her.

Major references Bekele-Tesemma, 2007;
Burki11, 1985; Lewis & AVIoli, 1991; Maundu &
Tengn6. s (Editors), 2005; Verdcourt, 1991

Other references Beentje, 1994; Coates
Palgrave, 1983; Latham, 2007; Main0, 1997;
Martins & Brummitt, 1990; Maundu at al. ,
2001; Miller, 2002; Neuwinger, 2000; Retief &
van Wyk, 2001; Wondimu, Asfaw & Kelbessa,
2007

Authors R. H. M. J. Lemmens

es

Ecology Ehretio cymoso has a wide ecologi-
cal range, occurring in the understorey or at
edges of evergreen forest and in riverme forest,
forest patches, bushland and wooded savanna,
up to 2400 in altitude. It is classified as a PIO-
neer and often found in secondary forest

Management One kg contains 20,000-
30,000 seeds. Whole infructescences are usual-
Iy harvested when about 80% of the fruits have
become ripe. Seeds are extracted and usually
sown directly into the field. Pre-treatment of
the seed is unnecessary. Seeds may start ger-
minating already after 3 days, but germination
may continue for 5 weeks. The seeds can be
stored for some time.

Locally Ehretio cymoso is quite common, e. g. in
forest on Mount Elgon in Kenya an average
density of 15 holes with a diameter of more
than 15 cm per ha has been recorded. Trees
can be managed by pruning, pollarding, lop-
ping and coppicing

Genetic resources and breeding Ehretio
cymoso Is not threatened, being very widely
distributed and adapted to a wide variety of
habitats. Locally it seems to be threatened by
over-exploitation, e. g. in northern Tanzania.

Prospects Ehretio cymosu is highly valued
as a multipurpose tree, yielding timber, fire-
wood and forage, whereas it is considered jin-
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ELAEOCARPUSFLORIBUNDUS Blume

Protologue Bijdr. fl. Ned. Ind. 3: 120 (1825)
Family Elaeocarpaceae
Vernacular names Rugged oilfruit, Indian

olive (En)
Origin and geographic distribution Eloeo-

corpus noribundus occurs from India eastward
to Vietnam, Peninsular Malaysia, Indonesia (to
Borneo) and the Philippines (Palawan). It has
been introduced in Madagascar and Mauritius
In Mauritius it is fairly commonly cultivated
and occasionally naturalized.

Uses The wood is used for light construction
and for indoor uses such as furniture. The

acidulous fruits are eaten fresh or pickled in
vinegar or brine, whole or as chutney. In Mau-
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ritius a leaf decoction is used to treat hyper-
tension and diabetes. hamfusion of the bark

and leaves is used in Sumatra as a mouthwash

against inflamed gums. In Malaysia the bark
and leaves are used in a poultice to treat ul-
cers, and an extractis drunk as a tonic

Properties The heartwood is whitish to
greyish brown or olive-brown, occasionally
purplish grey with a pinkish tinge, and not
distinctly demarcated from the sapwood. The
grain is straight or sometimes wavy, texture
fine to medium. The wood is somewhat Ius-

trous. It is lightweight to moderately heavy,
with a density of 400-700 kg/ina at 12% ino1s-
ture content, and soft to moderately hard. The
wood is generally easy to air dry. It is easy to
saw and work, and can be planed to an even
surface. It holds nails well, stains and glues
satisfactorily, and has excellent bending prop-
erties. The wood is fairly durable under cover,
but not when exposed to the weather or soil
Acidic fractions of water-soluble dietary fibre of
the fruits contain rhamnose (11%), arabinose
(26%), galactose (35%) and uronic acid (27%)
The polymerIC fraction Is composed of orn-
galactopyranosyl uronic acid chains with side
chains of arabinose, galactose and rhamnose
residues. A skin care product containing ex-
tracts from Eloeocorpus noribundus showed
excellent active-oxygen scavenging actions, and
is claimed to have excellent anti-aging and
skin-whitening activities. The flavonoid meam-
setin, a rare methyl ester of myricetin, was
isolated from the leaves, along with myricetin
and myricitrin.

Botany Evergreen small to medium-sized
tree up to 30 in tall; hole usually straight and
cylindrical, up to 80 cm in diameter; bark sur-
face rough to fissured, brown, inner bark pale
yellow to reddish brown; twigs hairy but soon
becoming glabrous. Leaves arranged spiralIy,
often crowded at the ends of twigs, simple;
stipules minute, early caducous; petiole I-5.5
cm long, with joint at apex; blade oblong to
elliptical or obovate, 6.5-19 cm x 3-8.5 cm,
base curieate to obtuse, apex acuminate, mar-
gin slightly toothed, papery, glabrous, with
small dots, pinnately veined with 5-7 pairs of
lateral veins. Inflorescence an axillary raceme
up to 22 cm long, many-flowered. Flowers bi-
sexual, regular, (4-)5-merous, pendulous; pedi-
ce1 4-12 min long; sepals lanceolate or narrow-
Iy triangular, c. 6 mm long, often warty; petals
free, triangular, 5-7 min long, finely fringed to
the middle, whitish; stamens 25-40, free, c. 4
mm long; disk lobed; ovary superior, conical, 3-

celled, short-hairy, style elongate. Fruit an
ellipsoid to spindle-shaped drupe up to 4 cm x
2 cm, glabrous, often with yellow dots; stone
woody, slightly grooved. Seedling with epigeal
germination.
Fruit development shows distinct phases. Dur-
ing 4-9 weeks after flowering fruits grow fast,
during 9-17 weeks they grow rather slow, and
from 17 weeks onwards growth is again fast
until maturity is reached about 26 weeks after
flowering. Birds, bats, rodents and pigs eat the
fruits and may disperse the seeds.
Bideocorpus comprises about 300 species oc-
curring from Madagascar to tropical Asia, Pol-
ynesia, Australia and New Zealand, with cen-
tres of diversity in Borneo and New Guinea. In
Madagascar 8 species have been found, all en-
demic

Eloeocorpus origustifolius Blume is a medium-
sized to large tree up to 40 in tall of the ever-
green rainforest of north-eastern India, Myan-
mar, Peninsular Malaysia, Java and SUIawesi.
It has been introduced into West Africa. The

wood is suitable for light carpentry. In tropical
Asia leaf sap, bark and seeds are occasionally
used in traditional medicine. The fruit is edible

and the tree is occasionally planted as orna-
mental or shade tree. In Asia the stones are
used as beads.

Blueocorpus dintfo!jus Baker is a small to me-
dium-sized tree up to 15(-30) in tall, occurring
in eastern Madagascar. Its wood is locally used
in construction and as fuel

Eloeocorpus copuronii Tirelis a small to medi-
urn-sized tree up to 15 in tall, occurring in hu-
inid forest in eastern Madagascar. Its wood is
locally used in construction.
E!oeocorpus subserrotus Baker is a small to
medium-sized tree up to 25(-40) in tall, occur-
ring in northern, eastern and central Madagas-
car. Its wood is used locally in construction and
carpentry. The flowers yield nectar for honey
bees. The bitter bark is used to flavour local
ruin

Ecology In its natural area of distribution,
Blueocorpus northundus occurs in lowland
rainforest and lower mountain forest, up to
1500 in altitude

Management Eloeocorpus noribundt, s can
be propagated by stones, which should be sown
in the shade and have about 15% germination
in 4-8 months

Genetic resources and breeding There
are no indications that Bideocorpus noribun-
dus is in danger of genetic erosion in its natu-
ral distribution area. There is no information



on the genetic variation in the planted trees in
Mauritius

Prospects BIOeocorpus noribundus is likely
to remain of limited Importance in Mauritius
for use as timber and edible fruit, and for me-
dicinal purposes. However, as a multipurpose
tree it deserves more research, the more so
because other BIOeocorpus spp. showed rapid
growth in tropical Asia. Not much is known
about the endemic species of Madagascar, but
most of them are characteristic for humid pri-
mary forest in eastern Madagascar, which is a
forest type under much pressure because of
ongoing deforestation. There seems to be little
scope for intensification of timber exploitation
of Eloeocorpus spp. , unless they would show
good results in cultivation trials

Major references Aggarwa1, 2001; Chow-
dhury & Ghosh, 1958; Gunb-Fakim, Gu6ho &
Bissoondoya1, 1996; Keating & SOSef, 1998;
Tire1, 1985.

Other references Burki11, 1994; Corner,
1988; Decary, 1946; Gasson, 1996; Gunb-
Fakim at a1. , 1994; Janick & Paull(Editors),
2006; OSumi at a1. , 2003; Pande, 2010; Rah-
man, Nabar & MOSihuzzaman, 2005; Whitmore
& Ng (Editors), 1972-1989.

Authors L. P. A. Oyen

dendron buchononiiis widespread, from Sierra
Leone east to Kenya and south to Malawi,
Zambia and hagola

Uses The wood is used for joinery and furni-
ture. It is suitable for heavy construction,
heavy flooring, interior trim, ship building,
vehicle bodies, mine props, handles, ladders,
sporting goods, toys, novelties, turnery, pattern
making, veneer and plywood. The wood is also
used as firewood and for charcoal production.
Leaf extracts are taken as abortifacient, oxyto-
cic, tonic and vermifuge, and to treat fever.
Leaves are chewed against diarrhoea. Root
decoctions are drunk to treat digestive upsets,
coughing with blood, excessive uterine bleeding
and infertility. Root powder is taken to treat
syphilis, and it is applied to wounds

Properties The heartwood is pale brown to
reddish brown and distinctly demarcated from
the whitish sapwood. The grain is straight or
interlocked, texture moderately fine
The wood is heavy, with a density of about 800
kg/ms at 12% moisture content. It has a slight
tendency of surface and end checking in drying.
Once dry, it is stable in service. At 12% ino1s-
ture content, the modulus of rupture is 128-
135 N/min2, modulus of elasticity 14,800-
15,680 N/min2, compression parallel to grain
66-69 N/mm2, shear 16-18 N/min2, cleavage 18
N/min, Janka side hardness 7650 N and Janka
end hardness 9065 N. The wood is fairly easy
to saw, although it is hard and tough. It planes
well and can be polished to a nice surface. It
turns well. The wood is moderately durable.
The heartwood is difficult to impregnate with
preservatives, the sapwood moderately diffi-
cult.

Feeding on the leaves may cause death in live-
stock after dyspnoea, loss of coordination and
diarrhoea. Leaves and fruits are also very poi-
sonous to humans.

A methanolextract of the bark showed cytotox-
IC activity against L-1210 Ieukaemic cells, with
elabunin, a darnmarane-type triterpene, as
active principle. A steroidal glycoside, bucha-
rimoside, was isolated from the fruits; it exhib-
ited antifeedant activity against African
armyworm (Spodoptero exempto) larvae. Mu-
tangin, a sesquiterpene of the eudesmane type,
was isolated from unripe fruits and exhibited
moderate antifeedant activity against larvae of
the stem borer Chiloportellus

Botany Shrub or small to medium-sized tree
up to 30 in tall; hole often irregular, up to 60
cm in diameter; bark surface becoming fis-
sured, with many lenticels, dark grey to pur-
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EIAEODENDRONBUCHANANll(Loes. ) Loes.

Protologue Engl. & Prantl, Nat. Pflanzen-
fom. , 11-IV Nachtr. I: 223 (1987)

Family Celastraceae
Synonyms Cossine buchunoniiLoes. (1893).
Vernacular names Elaeodendron (En)
Origin and geographic distribution Blueo-
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PIish brown; crown rounded, dense; twigs flat-
tened to quadrangular and pale grey when
young, becoming rounded and red-brown, gla-
brous. Leaves usually opposite, but sometimes
alternate, simple; stipules small, free, cadu-
cous; petiole 0.5-1.5 cm long; blade elliptical to
obovate, (5-)6.5-14(-18) cm x 2-8(-10) cm,
curieate at base, shortly acuminate to acute or
obtuse at apex, margins toothed with incurved
or appressed teeth, leathery, glabrous, pinnate-
Iy veined with few lateral veins. Inflorescence
an axillary cyme on specialized, 3-5 cm long
shoots, glabrous. Flowers unisexual, regular,
4-5-merous, sweet-scented; pedicel c. I mm
long; sepals rounded, c. I mm long; petals free,
ovate to oblong, 1.5-2.5 mm long, spreading,
white to green or yellow; stamens alternating
with petals, c. I mm long, free; disk slightly
lobed; ovary superior, ovoid-conical, c. I min
long, 2-3-celled, style short. Fruit an ellipsoid
to globose, fleshy drupe 1.5-2 cm long, usually
smooth, pale yellow to pale brown when ripe, I-
seeded

BIOeodendron 61, chononii grows slowly. It has
been reported that in Kenya young trees are
often covered by webs made by caterpillars.
The tree is evergreen and may attractlivestock
in the dry season, which can be problematic
because of the risk of poisoning.
Bideodendron comprises about 40 species and
occurs in Asia, Australia, Central America and
Africa, where 8 species are found
The wood of BIOeodendron inutube!tcum Loes

(synonym: Cossine matobelico (Loes. ) Steed-
man), a shrub or smalltree up to 7(-20) in tall
occurring in eastern Botswana, Zimbabwe and
southern Mozambique, is used for carving
utensils such as spoons. Bark and root infu-
sions or decoctions are taken to treat excessive

uterine bleeding, bloody diarrhoea and pains,
and as aphrodisiac. The roots produce a yellow
dye.
The whitish wood of Eloeodendron tronsuool-

errse (Burtt Davy) R. H. Archer (synonym: Cos-
sine transuoo!errsis (Burtt Davy) Codd), a
shrub or smalltree up to LOCI5) in tall from
southern Zambia, southern Angola, northern
Namibia, Botswana, Zimbabwe, southern Mo-
zambique, eastern South Africa and Swaziland,
is used for implements and utensils. Bark infu-
SIons and decoctions are popular for the treat-
merit of stomach complaints, fever, venereal
diseases, kidney and bladder complaints, skin
diseases, sweUings, haemorrhoids, and to jin-
prove appetite. Root extracts are sometimes
used for similar coinplalnts. Leaves are chewed

to treat throat problems, and a leaf decoction is
drunk against poisoning. The bark has been
used for tanning. The fruits are edible. Blueo-
dendron tronsuoolense is sometimes planted as
ornamental tree in gardens. Extracts showed
in-vitro activity against Trichomonus Dogino-
lis, an important cause ofurogenitalinfections
In South Africa the brownish wood of BIOeo-

dendro, I gayheri Spreng. ex Turcz. , a smalltree
up to 13 in tall, is used for beams and furni-
ture. The wood has rather similar properties as
that of Blueodendron buchononii and is suita-

ble for similar purposes. The bark has been
used for tanning and dyeing, and in traditional
medicine to treat snakebites. A root decoction

has been used as emetic and ordeal poison
E!oeodendro, I zeyheri has been recorded from
southern Mozambique, butts more widespread
in eastern South Africa. In the literature it has

been much confused with Blueodendron croce-

urn (Thunb. ) DC. (synonym: Cussine popilloso
(Hochst. ) Kuntze), a shrub or small tree up to
10 in tall occurring in eastern Zimbabwe and
eastern South Africa, of which the wood is
probably used for similar purposes. Blueoden-
dron croceum is better known as a medicinal

plant
Ecology Blueodendron buchononii occurs in

dry evergreen forest, gallery forest and wooded
grassland up to 2250 in altitude.

Management Only seeds are used for prop-
agation. The tree can be managed by pollard-
ing, lopping and pruning

Genetic resources and breeding BIOeo-
dendron bucho, toriiiis widespread and locally
common, and there are no indications that it is
threatened by genetic erosion. However, local
collection of the bark for medicinal purposes
may threaten populations

Prospects BIOeodendron buchononii will
probably remain of some Importance for its
timber in areas where it is common, e. g. locally
in Kenya. It is not well suited for agroforestry
systems because of its slow growth and dense
foliage that is poisonous to livestock.

Major references Bolza & Keating, 1972;
Chikamai at al. , undated; Coates Palgrave,
1983; Maundu & Tengnas (Editors), 2005;
Takahashi, 1978

Other references Beentje, 1994; Burkill,
1985; Fernandes at a1. , 2008; Kubo & Fukuha.
ra, 1990; Neuwinger, 2000; Palmer & Pitman,
1972-1974; Robson at a1. , 1994; Tsanuo at al. ,
1993; Tsujino at a1. , 1995; van Wyk & van Wyk,
1997

Authors R. H. M. J. Lemmens



EPHIPPIANDRAMADAGASCARIENSIS(Danguy)
Lorence

Protologue kiln. Missouri Bot. Gard. 72(I):
85 (1985)

Family Monimiaceae
Chromosome number2n=42

Synonyms Hedyedryopsis mudogoscoriensis
Danguy (1928).

Origin and geographic distribution Ephip-
piondro madogoscoriensis is endemic to Mada-
gascar, where it occurs ln the northern and
eastern parts of the island.

Uses The timber, known as 'ambora', is used
for construction, joinery, furniture, coffins and
weatherboards. Boles are often hollow and

used for beehives. The bark is used as a inor-

dant in dyeing tissue with indigo; it makes the
colour brighter. The leaves are used as a chola-
gogue

Properties The heartwood is yellowish
white to greenish yellow and distinctly demar-
cated from the sapwood. It is light, tender and
brittle. Shrinkage during drying is moderate.
The wood works easily, and the nailing proper-
ties are good. It is not durable under humid
conditions or in contact with the ground and
when used for weatherboards it should be

treated. It is extremely difficult to distinguish
the wood from that of Tombourisso spp. , which
is much more durable.

Botany Evergreen, monoecious, small to
medium-sized tree up to 25 in tall; hole up to
50 cm in diameter; twigs soft-hairy. Leaves
opposite, simple; stipules absent; petiole I-1.5
cm long; blade elliptical to obovate, 3-9 cm x
2-6 cm, curieate at base, apex obtuse to round-
ed or notched, margins wavy to toothed, soft-

hairy below, pinnately veined with 3-4 pairs of
lateral veins. Inflorescence an axillary cyme up
to 3 cm long, greyish short-hairy, 3-5-flowered
with I terminal female flower subtended by 2-
4 male flowers. Flowers unisexual, regular;
male flowers with 3-4 tepals, stamens 35-50,
arithers sessile; female flowers with 8-16 inI-
nute deltoid tepals c. 0.5 mm long, implanted
on margin offTat discoid receptacle I-1.5 cm in
diameter, ovaries c. 150, superior. Fruit con-
sisting of the enlarged, swollen receptacle 3.5-
6 cm in diameter, with 30-50 drupelets up to I
min long.
Ephippiondro comprises 7 species and is en-
demic to Madagascar. It is related to Torn-
60urisso, of which the wood is used for similar
purposes

Ecology Ephippiondro mudogoscoriensis Is
restricted to humid forest at 700-1000 in alti-

tude.

Genetic resources and breeding Destruc-
tion of its habitat is a possible threat to Ephjp-
piondro mudogoscoriensis

Prospects The wood ofEphippiondro mado-
will remain of some local jin-goscorienszs

portance, particularly for inside use, as long as
it is available in some quantity

Major references Cavac0, 1959; Gu6neau,
Bedel& Thie1, 1970-1975; Lorence, 1985

Other references Bolteau, Bolteau & A1-
10rge-Bolteau, 1999; Brown at a1. , 2009; Lo-
rence, 1999; 0ginuma & Tobe, 2006; Renner at
a1. , 2010; Schatz, 2001

Authors C. H. BOSch
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Ephippiondro mudogoscoriensis - wild

ERIOCOELUMMICROSPERMUM Radlk. ex Engl.

Protologue Engl. & Drude, Veg. Erde 9, 111,
2: 282 (1921)

Family Sapindaceae
Origin and geographic distribution Brio-

coelum microspermz, in occurs from Cameroon
and the Central African Republic south to DR
Congo andAngola

Uses In DR Congo stems are used for poles.
The wood is suitable for construction, flooring,
joinery, lriterior trim, ship building, vehicle
bodies, furniture, sporting goods, handles, lad-
ders, agricultural Implements, boxes, crates,
turnery, veneer, plywood, hardboard and parti-
cle board. Briocoelum microspermum provides
firewood of excellent quality. The bark is used
as traditional medicine to treat cough, enteritis
and venereal diseases

Production and international trade The
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Eriocoelum microspermum - wild

timber is known under the trade name 'kadi-

amikani', but trade volumes are probably only
small.

Properties The heartwood is pinkish brown
to reddish brown, and distinctly demarcated
from the pale grey to brownish yellow, up to 7

wide sapwood. The grain is usually
straight, but with occasional irregular patches,
texture medium to fine and even. Radial sur-

faces show a inottled and ribbon figure, and the
wood is lustrous.

The wood is medium-weight, with a density of
560-670 kg/in3 at 12% moisture content, and
very tough and resilient. The shrinkage rates
in drying are quite high. At 12% moisture con-
tent, the modulus of rupture is 97-139 N/min2
modulus of elasticity 12,000 N/min2 and coin-
pression parallelto grain 53-66 N/mm2.
The wood is easy to saw. It planes well and
usually shows no picking-up of grain. It takes a
good finish. The wood has good nailing proper-
ties; it does not split and holds nails well.
Larger logs are suitable for veneer production
by peeling. The wood is moderately durable. It
is rarely attacked by termites, the sapwood is
not susceptible to Lyetus attack, but the wood
Is liable to marine borer attack.

Botany Monoecious, small to medium-sized
tree up to 30(-35) in tall; hole usually straight,
branchless for up to 15 in, up to 80 cm in diam-
eter; young twigs reddish brown short-hairy.
Leaves alternate, paripinnately compound with
2-3 pairs of leaflets; stipules absent; petiole
very short or absent, rachis 8-14 cm long; peti-
o1ules stout, up to 8 mm long; leaflets opposite,
elliptical, 12-35 cm x 5-13 cm, lowest pair of
leaflets smallest and stipule-like, curieate to

rounded at base, acuminate at apex, margins
entire, leathery, nearly glabrous, pinnately
veined with c. 15 pairs of lateral veins. Inno-
rescence a terminal or axillary panicle up to 30
cm long, short-hairy. Flowers unisexual, regu-
Iar, 5-merous; pedicel often recurved, up to 5
min long; sepals nearly free, c. 1.5 mm long,
short-hairy outside; petals free, 3-5.5 min long,
whitish, inside with 2 densely hairy scales at
base; stamens 8, free, up to 5 mm long; disk
annular, with wavy margin; ovary superior,
nearly globose, hairy, 3-celled, style c. 2.5 min
long; male flowers with rudimentary ovary,
female flowers with reduced stamens. Fruit a

globose capsule I-2 cm x 1.5-2.5 cm, slightly 3-
lobed, orange when fresh, dehiscent with 3
woody valves, inside at base long-hairy, 3-
seeded. Seeds ellipsoid, c. 1.5 cm long, smooth,
brown, with red cup-shaped anI at base. Seed-
ling with hypogeal germination; epicoty1 3-4
cm long, short-hairy; first leaves alternate,
simple
Briocoelum comprises about 10 species and is
confined to mainland tropical Africa. Brio-
coelum herstingit GIIg ex Engl. occurs from
Guinea Bissau and Mali east to Sudan and

Uganda, and south to Gabon and DR Congo. It
is a small tree up to 15 in tall with a bole di-
ameter up to 50 cm. Its pale brown wood is
strong and used for construction, furniture,
axe-handles and pestles
Briocoelum inocrocorpum Radlk. ex Engl. is a
medium-sized tree up to 30(-35) in tall with
hole branchless for up to 20 in and up to 60 cm
in diameter. It occurs in Nigeria, Cameroon,
Equatorial Guinea, Gabon, Congo and western
DR Congo. Its pale brown to pinkish brown
wood has properties and uses similar to that of
Eriocoelum microspermum
Briocoelum pungens Radlk. is a shrub or small
tree distributed from Liberia to Nigeria. The
wood is used in house building and for rafters

Ecology Eriocoelttm microspermum is found
in humid forest, often in swampy or periodical-
Iy inundated forest, up to 1400 in altitude.

Management Logs have to be processed
quickly after felling to avoid serious checking.
In DR Congo a hole of 5.6 in long and 43 cm in
diameter yielded 0.5 ms of wood

Genetic resources and breeding Eriocoe-
Ium microspermum is fairly widespread and
there are no indications that it is under severe

pressure.

Prospects As a timber producer Briocoelum
microspermum is not likely to become more
important because the hole dimension is often
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rather small and the trees usually occur scat-
tered. However, very little is known about this
species and other Briocoelttm spp

Major references Bolza & Keating, 1972;
Burki11, 2000; Fouarge & G6rard, 1964; Hau-
man, 1960; Vivien & Faure, 1985.

Other references Barrier & Muller, 1942;
Davies & Verdeourt, 1998; Foullloy & Hall6,
1973a; Hawthorne & Jongkind, 2006.

Authors C. H. BOSch

ERISMADELPHUSEXSULMildbr

Protologue Bot. Jahrb. Syst. 49: 549 (1913)
FamilyVochysiaceae
Vernacular names Angoa (Fr)
Origin and geographic distribution Eris-

modelphus exsulis distributed from south-
eastern Nigeria to DR Congo

Uses In tropical Africa the wood is locally
used for rafters of huts. It is suitable for light
construction, furniture, interior trim, Joinery
and plywood.
In traditional medicine in Cameroon, a decoc-
tion prepared from a boiled mixture of the bark
ofErismode!phus exsultogether with the barks
of Albino odionthifolio (Schumach. ) W. Wight,
Golo loteritio K. Schum. , Gorcinio hold Heckel,
Origoheo gore (Hua) Pierre and Vernonio con-
forto Benth. is drunk for the treatment of un-
nary 11thiasis

Production and international trade The

wood is used domestically and hardly or not
traded on the international market.

Properties The heartwood is yellowish
brown, frequently with greenish brown mark-
ings near the centre of the log, and indistinctly

demarcated from the yellowish sapwood. The
grain Is usually straight, sometimes inter-
locked, texture moderately coarse. The wood is
medium-weight, with a density of 630-800
kg/in' at 12% moisture content. It air dries
moderately fast with little tendency of splitting
and checking, but twisting or cupping may
occur. Thicker boards may be subject to col-
lapse. The shrinkage rates are high, from green
to oven dry 4.6-7.6% radial and 8.0-13.9%
tangential. Once dry, the wood is moderately
stable to unstable in service

At 12% moisture content, the modulus of rup-
ture is 1/7-160 N/mm', modulus of elasticity
11,000-17,700 N/mm', compression parallel to
grain 44-67 N/min', shear 5.5-9 N/min', cleav-

5-17 N/min and Chalais-Meudon sideage

hardness 3.1-6.5

The wood saws easily, but with considerable
blunting effect because it contains 0.1-0.5%
silica; the use of stellite-tipped saw teeth is
recommended. It works moderately well with
both hand and machine tools. Some picking up
of grain may occur during planing, and it is
necessary to take extra caution in sanding and
finishing. The wood polishes to a good finish
when a filler is used. The nailing properties are
good and the gluing properties satisfactory
The steam bending properties are poor. The
wood is only moderately durable, being liable
to most insect attacks. The sapwood is suscep-
tible to attacks by Lyetus borers. Both heart-
wood and sapwood are moderately resistant to
treatment with preservatives

Description Medium-sized to large tree up
to 40(-70) in tall; hole branchless for up to 25
in, straight and cylindrical, up to 100(-150) cm
in diameter, often with thin buttresses; bark
surface grey to reddish brown, smooth when
young, later becoming rough and scaly, inner
bark thin, granular, hard but brittle, pale
brown or pale pink; crown with spreading
branches; twigs slightly quadrangular, gla. -___
brous. Leaves opposite, simple and entire; -.___
stipules reduced to small warts; petiole 0.5-1.5
cm long, flattened, glabrous or hairy; blade
obovate to elliptical, 4-20(-25) cm x 3-11 cm,
curieate to rounded or cordate at base, obtuse
to acuminate at apex, leathery, glabrous or
hairy on inIdrib and lateral veins below, pin-
nately veined with 5-10 pairs of lateral veins.
Inflorescence a terminal, umbel-like panicle
10-25 cm long, with opposite branches bearing
condensed, 3-4-110wered cymes, hairy, many-
flowered; bracts sessile, kidney-shaped to
heart'shaped, 7-8 min x 8-10 min, persistent.

ERiSMADELPHUS 335

.

Erismode!pht4s arsu! - wild
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hardwood codes):
Growth rings: a growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-
Iygona1; 27: intervessel pits large (z 10 pin); 29:
vestured pits; 31: vessel-ray pits with much
reduced borders to apparently simple: pits
rounded or angular; 43: mean tangential diam-
eter of vessellumina Z 200 pin; 46: s 5 vessels
per square minimetre; (47: 5-20 vessels per
square minimetre); 56: tyloses common. Tra-
cheids and fibres: 61: fibres with simple to ini-
nutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial pa-
renchyma: 83: axial parenchyma confluent; 85:
axial parenchyma bands more than three cells
wide; 92: four (3-4) cells per parenchyma
strand; 93: eight (5-8) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
109: rays with procumbent, square and upright
cells mixed throughout the ray; 1/5: 4-12 rays
per min. Secretory elements and cambial van-
ants: 133: included phloem, concentric; 134:
included phloem, diffuse. Mineral inclusions:
159: silica bodies present; 160: silica bodies in
ray cells; 161: silica bodies in axial parenchyma
cells.

(C. Essien, H. Beeckman & P. E. Gasson)
Growth and development In Nigeria flow-

ering is in April-August and fruiting in June-
November. The fruits with their enlarged wing-
like sepals are dispersed by wind. In Gabon
seedlings have been reported in the understo-
rey of old forest

Ecology Erismode!phus exsu! occurs in low-
land primary and secondary forest, also in lit-
toral forest, swamp forest and riverme forest
In Gabon littoral savanna is colonized by PIO-
neer species such as Aucoumeo foldineono
Pierre, which are progressiveIy replaced by
other species including Erismode!phus exsul.

Management Erismode!phus exsul trees
usually occur scattered in the forest, some-
times in small, occasionally large groups. In
Gabon as many as 40 trees per hectare were
counted in littoral forest, whereas the mean
wood volume in forest in Gabon has been re-
ported to be 2 ing per ha. In forest dominated
by Aweoumeo hlotneono Pierre and SOCog!ottis
gobonensis (Baill. ) Urb. , the standing volume of
Erismode!phus exsul has been estimated at 10
matha-

Harvesting In Gabon the minimum hole
diameter allowed for harvesting Eris-
modelphus exsultrees is 70 cm.

3
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Flowers bisexual, zygomorphic, 5-meTous, ses-
SIIe; calyx spurred, lobes nearly equal, oblong
to nearly orbicular, up to 7.5 mm x 5 min,
hairy, greenish yellow; petals free, obovate-
rhomboid, 9-10 mm x 4.5-6 min, with a long
claw, finely hairy, white; fertile stamen I, c. 3
min long, rudimentary stamens I-3, club-
shaped; ovary inferior, I-celled, style short.
Fruit a globose nut c. 8 min in diameter,
brownish, indehiscent, I-seeded, with sepals
enlarged into unequal wings up to 8 cm x 2.5
cm

Other botanical information Erismodel-

phus comprises 2 species. Erismode!phus ses-
sins Keay & Staffeu occurs in Cameroon,
Equatorial Guinea and Gabon, and is appar-
ently rare; it differs from Erismodelphus arsu!
in its sessile and smaller leaves

Within Erismode!phus exsu1 2 varieties have
been distinguished: var. exsu! distributed in
Cameroon, Gabon, Congo and DR Congo, and
var. plotyphyllus Keay & Stalleu distributed in
Nigeria, Cameroon, Equatorial Guinea and
Gabon; the latter has more hairy leaves

Anatomy Wood-anatointcal description OAWA



Genetic resources Although Erismodel-
ph!, s exsu! has a limited distribution, it is pro-
bably not threatened by genetic erosion since
there are no indications of over-exploitation
within its range

Prospects Because of its limited durability
and its instability in service the wood of Eris-
modelphus exsu! does not have a wide range of
uses. It may have some potential for use for
interior joinery, furniture and plywood. If Eris-
modelphusexsulwouldbecome morelmportant
as a source of timber, more information would
be required on its abundance, regeneration and
growth rate to make sustainable exploitation
possible.

Major references Anonymous, 1990; Bolza
& Keating, 1972; Burki11, 2000; de Saint-
Aubin, 1963; Keay & Staffeu, 1953; Robyns,
1958; Sallenave, 1971; Senterre & Obiang,
2005; Vivien & Faure, 1985; Wilks & Issemb6,
2000

Other references Boulvert, 1977; Kawasa-
ki, 2007; Keay, 1954g; Keay, 1989; Kenfack,
undated; Normand & Paquis, 1976; Noumi &
Ebwelle, 2011; Raponda-Walker & Sillans, 1961;
Sallenave, 1955; Sallenave, 1964; Takahashi,
1978

Sources of illustration Keay & Staffeu,
1953; Robyns, 1958; Wilks & TSSemb6, 2000.

Authors E. E. Ewudzie, J. R. Cobbinah, S
BritwumAcquah & E. A. Obeng

.

ERYTHROPHLEUM 337

ERYTHROPHLEUMivoRENSEAchev.

Protologue V6g. util. Mr. trop. Franq. 5:
178 (1909)

Family Caesalpiniaceae (I, eguminosae - Cae-
salpinioideae)

Vernacular names Ordeal tree, sasswood
tree (En). Lim du Gabon, tall(Fr). Mancone
(Po)

Origin and geographic distribution Ery-
throphleum iuorense occurs from Gambia to the
Central African Republic and Gabon.

Uses The bark traded as 'sassy-bark','man-
cona bark' 'casca bark' or '6corce de tall' has
several medicinal uses. A bark extract is taken

orally in Sierra Leone as an emetic and laxa-
tive, and is applied externalIy to relieve paln
In C6te d'TVoire water, in which the bark of
young branches of Byythrophleum iuorense is
crushed, is rubbed on the skin to treat small-
pox

The bark and sometimes the seeds are widely
used as hunting and ordeal poison. In Liberia

Erythrophlet, in iuorense - coild

and Gabon the bark ofErythrophleum iuorense
is preferred to that of Erythrophleum suoueo-
lens (Gulll. & Perr. ) Brenan. The bark is used
as fish poison in Sierra Leone
The timber of Erythrophleum iuorense is mar-
keted as 'erun', 'missanda', 'sasswood', 'alui',
'bolondo' or 'tall'. The wood is quite hard and
heavy, and suitable for Joinery, flooring, rail-
way sleepers, harbour and dock work, turnery,
construction and bridges. It is also used for
boat building and wheel hubs. It makes excel-
lent charcoal and good firewood. In Sierra Leo-
ne and C6te d'TVoire the bark is used for tan-

rimg. A bark decoction added to fermenting
palm wine would make it a more potent drink

Production and international trade In

trade statistics, the timber of Erythrophleum
toorense and Erythroph!eum suoueolens is usu-
ally not differentiated. In 2005 the export of
Erythrophleum ('tall') logs from Cameroon
amounted to 37,500 ina and of sawn wood to
38,600 ina which made Erythrophleum the
fourth most important timber of Cameroon. In
2005 the price of logs free-on-board was Us$
123-1511m3 depending on the quality. The
majorimporteris China

Properties The alkaloid content of Erythro-
phieum toorense is similar to that of Erythro-
phieum suoueo!errs; only the distribution of the
main compounds is different. First investiga-
tions yielded the alkaloid erythrophleine, but
this was later identified as a mixture of differ-
ent alkaloids with similar activities. The alka-

101ds are esters of tricyclic diterpene acids, and
2 main types exist: dimethylaminoethylesters
and monomethylaminoethylesters (nor-alkaloids)
In addition, compounds have been found in
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which the amine link is replaced by an amide
link, but it is not clear whether these are natu-
ral compounds or artefacts. The bark contains
as main components alkaloids of the dimethyl-
aminoethylester type: cassaine, cassaidine and
erythrophleguine, but no dominant alkaloid of
the amide type. The alkaloid content of the
bark ranges from 0.2% to 1.1%. In high doses,
the bark extract is an extremely strong, rapid-
acting cardiac poison, in warm-blooded animals
causing shortness of breath, seizures and car-
diac arrest in a few minutes.

The alkaloids have a stimulant effect on the

heart similar to that of the cardenolides digi-
toxine (from Digitolis) and ouabain (from Stro-
phonthus grotus Ovall. & Hook. ) Baill. ), but
the effect is very short-lasting, as the alkaloids
are quickly metabolized in the organism. Cas-
same and cassaidine have strong anaesthetic
and diuretic effects, and increase contractions
of the intestine and uterus. Apart from an in-
crease of heart contraction in systole, the alka-
101ds also demonstrated an increase in diastole.

In addition, cassaidine caused depressive ef-
fects, while cassaine caused a violent state of
excitation. Although the alkaloid content in the
seeds is markedIy lower than in the stem bark,
the seeds are more toxic. This strong activity is
due to a strong haemolytic saponin, which acts
in a synergistic way with the alkaloids
Wood from Erythrophleum iuorense and Ery-
throphleum suoueolens is not differentiated in
trade and the following wood description is
applicable to both species.
The heartwood is yellowish brown to reddish
brown, darkening on exposure, sometimes
striped, clearly demarcated from the 3-6 cm
wide, creamy-yellow sapwood. The grain is
interlocked, texture coarse. The wood is inod-
erately lustrous.
The density is about 900 kg/ms at 12% inois-
ture content. The wood dries slowly with high
risks of distortion and checking. The shrinkage
rates from green to oven dry are 5.1-5.8% ra-
dial and 8.4-8.6% tangential. Once dry, the
wood is moderately stable in service
At 12% moisture content, the modulus of rup-
ture is 99-162 N/min2, modulus of elasticity
10,550-19,500 N/min2, compression parallel to
grain 56-97 N/min2 and Janka side hardness
13,000 N.
The wood is difficult to saw; stellite-tipped
sawteeth are recommended. Finishing is gen-
erally fair, but planing may be difficult due to
interlocked grain. Pre-boring is necessary for
nails and screws. The gluing properties are

good.
The wood is durable and resistant to fungi, dry
wood borers and termites. It is suitable for use

in contact with the ground. It is not permeable
for preservatlves. The sawdust may irritate
mucous membranes and may cause allergy and
asthma of labourers in sawmills.

Adulterations and substitutes Erythro-
ph!eum alkaloids have similar pharmacological
activities as digitoxine and ouabain. The tim-
her from Erythroph!eum toorense and Erythro-
phieum suoueolens is marketed indiscriminate-
Iy under the trade names:'tall','erun','bolondo'
and 'alui'. The timber of Pochyelosmo tess-
monnit (Harms) Harms resembles that of
Erythroph!eum, hence the trade name 'faux
tall'. Erythrophleum wood can be used as a
substitute for azob6 (LOphtro dinto Banks ex
P. Gaertn. ).

Description Large tree up to 40 in tall; hole
cylindrical, but sometimes fluted at base, with
or without buttresses; bark scaly, often fis-
sured, grey, inner bark reddish, granular;
young twigs brown hairy. Leaves alternate,
hipinnately compound with 2-4 pairs of pin-
nae; stipules minute; petiole 2-7 cm long, ra-
chis 5-15 cm long; leaflets alternate, (6-)8-14
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per pinna, elllptical to ovate, up to 8.5 cm x 4
cm, base asymmetrical, apex shortly acumin-
ate. Inflorescence an axillary or terminal pani-
cle consisting of spike-like racemes up to 8 cm
long, shortly reddish brown hairy. Flowers
bisexual, regular, 5-merous, red-brown; pedicel
c. I mm long, shortly hairy; calyx c. 1.5 mm
long, lobes c. 0.5 min long; petals narrowly obo-
vate, c. 2 min x 0.6 min, densely hairy; stamens
10, free, 2-3.5 mm long; ovary superior, long
woolly hairy, I-celled, stigma broadly peltate
Fruit a flat, elliptical, dehiscent pod 5-10 cm x
3-5 cm, base rounded, apex obtuse or rounded,
thick leathery, pendulous, 2-6(-100-seeded.
Seeds ovoid, compressed, c. 13 mm x 9 min x 5

Other botanical information Erythroph!e-
urn comprises about 10 species, 4 or 5 of which
occur in continental Africa, I in Madagascar, 3
in eastern Asia, and I in Australia. The genus
is one of the few Cueso!pintoceoe reported to
contain alkaloids. Erythrophleum toorense and
Erythrophleum suoueo!errs share many uses,
vernacular names, trade names and properties
and therefore confusion is common. Especially
the results of earlier pharmacological work are
blurred by doubtful identifications. The 2 spe-
cies differ in ecology, some inorphological char-
acteristics and the alkaloid profile in the bark.
Only in semi-deciduous forest does Erythro-
phieum iuorense co-occur with Erythroph!eum
suoueolens, from where the latter extends into
drier habitats like woodland savanna. Howev-
er, it is often difficult to distinguish the two

from each other. The leaflets ofspecies

Erythrophleum suoueolens are often wider, Its
inflorescences wider (often 1.5 cm versus I cm
in Erythrophleum iuorense) and its pods longer

Anatomy Wood-anatointcal description OAWA
hardwood codes):
Growth rings: (I: growth ring boundaries dis-
tinct); (2: growth ring boundaries indistinct or
absent). Vessels: 5: wood diffuse-porous; 13
simple perforation plates; 22: intervessel pits
alternate; 23: shape of alternate pits polygonal;
26: intervessel pits medium (7-10 F1m); 29:
vestured pits; 30: vessel-ray pits with distinct
borders; similar to intervessel pits in size and
shape throughout the ray cell; 43: mean tan-
gentialdiameter of vessellumina ;a 200 prn; 46:
s 5 vessels per square minimetre; 47: 5-20
vessels per square minimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled; 70: fibres very

min

thick-walled. Axial parenchyma: 79: axial pa-
renchyma vasicentric; 80: axial parenchyma
allform; 81: axial parenchyma lozenge-anform;
(83: axial parenchyma confluent); (84: axial
parenchyma unilateral paratrachea1); 91: two
cells per parenchyma strand; 92: four (3-4)
cells per parenchyma strand; (93: eight (5-8)
cells per parenchyma strand). Rays: (96: rays
exclusively uniseriate); (97: ray width I-3
cells); 104: all ray cells procumbent; 1/5: 4-12
rays per min; 1/6: Z 12 rays per mm. Mineral
inclusions: (136: prismatic crystals present);
(142: prismatic crystals in chambered axial
parenchyma cells)
(E. Uetimane, H. Beeckman & P. E. Gasson)

Growth and development Erythroph!et, in
toorense flowers during the rainy season. Nodu-
Iation was observed in primary rainforest and
the rhizobium involved belongs to the genus
Brodyrhizobium. In C6te d'TVoire the mean
annual hole diameter increment has been rec-

orded as 6.5 min, in the Central African Repub-
Iic 4.5 mm.

Ecology Erythrophleum toorense occurs in
evergreen primary and secondary forest and
moist semi-deciduous forest. Byythrophleum
iuorense is essentially a tree of old secondary
forest.

Propagation and planting Erythroph!eum
tuorense has been classified as a non-pioneer
light demander. Seedhngs are often found in
smaller forest gaps. Erythrophleum iuorense
can be propagated in nurseries; seed takes 3
weeks to germinate. Inoculation with Brody-
rhizobium is beneficial and results in increases
in height and diameter of about 40% after 4
months.

Management Erythrophleum iuorense trees
usually occur scattered in the forest. In Gabon
the average bole volume has been recorded as
1.4 in31ha. In Liberia the mean density of trees
with a minimum hole diameter of 60 cm is 0.7
tree/ha. Reforestation with Erythroph!eum
toorense is an option in degraded forests where
natural regeneration of economicalIy important
species is unlikely. In Gabon the clear-cut
method is superior to enrichment planting: 6
years after planting the survival rate was 97%
vs 79%, the height 16 in vs 11 in and the hole
diameter 13.6 cm vs 6.8 cm for the 2 methods

respectively
Harvesting Old Erythrophlei, in

trees very often have heart rot. The bark of
Erythrophleum iuorense is harvested from the
wild whenever the need occurs.

Handling after harvest The logs sink in
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water and can consequently not be transported
by floating along a river.

Genetic resources Erythrophleum toorense
is often abundant in West and Central African

evergreen forest. Although logging of Erythro-
phieum toorense for its timber has shown a
distinct increase in Cameroon, there are no
indications that the species is under too much
pressure yet

Prospects Erythrophleum iuorense contains
pharmacologically Interesting compounds and
further study of its pharmacology is justified
Internal use of unpurified medicines made
from Erythrophleum iuorense is extremely dan-
gerous. The differences in active ingredients
between individual trees in a single population
and the differences in composition related to
age of the plant are large. Although Erythro-
phiet, in iuorense has recently gained much jin-
portance as a timber tree, especially in Came-
roon, comparatively little is known about prop-
er management practices for sustainable har-
vesting in natural forest

Major references Aubr6ville, 1959b; Aubr6-
vine, 1968; Burki11, 1995; Chudnoff, 1980;
CIRAD Forestry Department, 2003; Cronlund,
1976; de Saint-Aubin, 1963; ITT0, 2004; Neu-
winger, 1996; Richter & Danwitz, 2000.

Other references Bakarr & Janos, 1996;
Diabate at a1. , 2005; Durrieu de Madron, Nasi
& DCtienne, 2000; He91auer & Hegnauer,
1996; H6gberg & Alexander, 1995; InsideWood,
undated; Koumba Zaou at a1. , 1998; SIepel,
Poorter & Hawthorne, 2004; Sprent, 2005;
Voorhoeve, 1979

Sources of illustration Voorhoeve, 1979.
Authors C. H. BOSch

Erythrophleum suoueolens - wild

there south to Zimbabwe and Mozambique. It
has been introduced as an ornamental in tropi-
calAsia.

Uses The bark, traded as 'sassy-bark' 'man-
cona bark' or 'casca bark'is used as emetic and

purgatlve. The crushed bark is applied to
swellings caused by Filorio. In DR Congo the
dried powdered bark is taken as a snuffto cure
headache. In Kenya a diluted decoction of the
roots is used as an arithelminthic, especially
againsttapeworm. In Malawia decoction of the
roots and bark is applied to soothe general
body pain. Pieces of root or bark are a pro^C-
tire and love charm. The bark has been used in

arrow poisons and as ordeal poison and the
bark and leaves as fish poison. The use as an
anaesthetic for fish in aquaculture is tricky as
small differences in dosage will kill, rather
than stupefy fish. In the Western world, bark
extracts were used in the late 19th century to
treat heart failure. Side effects and better re-
SUIts with digitoxine ended this practice.
The tree produces quite hard, heavy and dura-
ble wood, marketed as 'alui' 'tall' 'erun' 'mis-
sanda' or 'sasswood', which is suitable for join-
ery, flooring, railway sleepers, harbour and
dock work, turnery, construction and bridges.
It is also used for boat building and wheel
hubs. The bark has been used in West Africa
for tanning hides and skins; it is used in DR
Congo to colour leather brown. firythrophleum
suoueolens is planted as an ornamental and
avenue tree. In West Africa the powdered bark
is mixed with the residue of palm oil pro-
cessing, and after boiling it is mixed with seeds
of maize, cowpea or cotton, which effectiveIy
reduces pest damage to the seeds. Dried leaves

ERYTHROPHLEUMSUAVEOLENS (Guil}. &
Perr. ) Brenan

Protologue Taxon 9: 194 (1960).
Family Caesalpiniaceae (Leguminosae - Cae-

salpinioideae)
Chromosome number2n = 24, 28
Synonyms Erythrophleum gumee, Ise G. Don

(1832)
Vernacular names Forest ordeal tree, red

water tree, sasswood tree (En). Bois rouge,
poison d'6preuve, tall, grand tan, inane6ne (Fr)
Mancone, inuave (Po). Mwavi, inwavi dume,
inbaraka inkuu, inkelekele (Sw)

Origin and geographic distribution Ery-
throphleum suoueolens is distributed from Sen-
egal to Sudan and Kenya in the east and from

o
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are mixed with stored grains and pulses to
repel or kill storage insects. The use in agrofor-
estry has been promoted: nitrogen fixation and
the large amount of leaf litter are advanta-
geous to intercrops. However, in experiments a
negative effect of Erythrophleum suoueolens
leafmulch on the yield of crops has been noted
When clearing bush to prepare fields, trees are
often left standing because the wood is hard
and felling is too taxing. Erythrophleum suoue-
o1ens wood is not highly valued as firewood but
charcoal made from it is excellent.

Production and international trade Export
of bark ofErythrophleum for medicinalpurpos-
us no longer plays a role. In local markets how-
ever, the bark is an Important and expensive
article. In trade statistics, the timber of
Erythrophleum toorense and Erythrophleum
suoueolens (Gulll. & Perr. ) Brenan is usually
not differentiated. In 2005 the export of
Erythroph!eum ('tall') logs from Cameroon
amounted to 37,500 in3 and of sawn wood to
38,600 ms. which made Erythrophleum the
fourth most important timber of Garnero0n. In
2005 the price of logs free-on-board was Us$
123-1511m3, depending on the quality. The
majorimporterls China

Properties The alkaloid content of bark was
found to range from 0.3% to 1.5%. The alkaloid
content was found to vary with the age of the
tree: a water extract of the bark contained
0.5% and 0.9% respectively in 60 year- and 150
year-old trees.
The alkaloid content of Erythrophleum suoueo-
lens is similar to that of firythrophleum iuoren-
se; only the distribution of the main compounds
is different. First investigations yielded the
alkaloid erythrophleine, but this was later
identified as a mixture of different alkaloids
with similar activities. The alkaloids are esters

of tricyclic diterpene acids, and 2 main types
exist: dimethylaminoethylesters and monome-
thylaminoethylesters (nor-alkaloids). In addi-
tion, compounds have been found in which the
amine link is replaced by an amide link, but it
is not clear whether these are natural coin-

pounds or artefacts. The bark contains as main
components alkaloids of the dimethylami-
noethylester type: cassaine, erythrophlamine,
erythrophleguine and norcassamidine as well
as the amide erythrophlamide. The bark ex-
tract has excellent local anaesthetic activity on
eyes and skin, although its use on the eye was
disputed because of its irritant effect on the
conjunctiva. Trials using it as anaesthetic in
operations or tooth extractions were less suc-

cessful, as symptoms of poisoning appeared in
higher doses. In high doses, the bark extract is
an extremely strong, rapid-acting cardiac poi-
son, in warm-blooded animals causing short-
ness orbreath, seizures and cardiac arrest in a
few minutes.

The alkaloids have a stimulant effect on the

heart similar to that of the cardenolides digi-
toxine (from Digitalis) and ouabain (from Stro-
phonthus grotus (Wall. & Hook. ) Baill. ), but
the effect is very short-lasting, as the alkaloids
are rapidly metabolized in the organism. The
alkaloids also have strong diuretic effects, and
increase contractions of the intestine and uter-

us. Apart from an increase of heart contraction
in systole, the alkaloids also demonstrated an
increase in diastole. In addition, cassaine
caused a violent state of excitation. Although
the alkaloid content in the seeds is markedIy
lower than in the stem bark, the seeds are
more toxic. This strong activity is due to a
strong haemolytic saponin, which acts in a
synergistic way to the alkaloids. Norcassami-
dine has local anaesthetic action, and is a con-
vulsant

The bark further contains procyanidins tooly-
phenols) and hence has antioxidant properties.
The relaxant effect of the bark extract of

Erythrophleum suoueo!errs Is due to its procya-
nidins.

The bark also contains the trihydroxystilbene
resveratrol. Resveratrol shows antiplatelet
aggregation, coronary vasodilator, antileukae-
inIC, antifungal and protein-tyrosine kiriase
inhibitory activities. Trihydroxystilbenes are
thought to protect against atherosclerosis and
coronary heart disease. Resveratrolis, howev-
er, only registered as a food supplement, not as
a medicine. The bark contains the navone lute-
o11n that colours orange after addition of inag-
nesium powder and a few drops of hydrochloric
acid. This reaction allows it to be distinguished
from the bark of Erythrophleum o17iconum
(WeIw. ex Benth. ) Harms, which colours violet
after treatment because of the presence of 2.3-
dihydroxymyricetin
Wood from Erythrophleum toorense and Ery-
throph!eum suoueolens is not differentiated in
trade and the following wood description is
applicable to both species
The heartwood is yellowish brown to reddish
brown, darkening on exposure, sometimes
striped, clearly demarcated from the 3-6 cm
wide, creamy-yellow sapwood. The grain is
interlocked, texture coarse. The wood is inod-
erately lustrous
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The density is about 900 kg/ms at 12% ino1s-
ture content. The wood dries slowly with high
risks of distortion and checking. The shrinkage
rates from green to oven dry are 5.1-5.8% ra-
dial and 8.4-8.6% tangential. Once dry, the
wood is moderately stable in service.
At 12% moisture content, the modulus of rup-
ture is 99-162 N/min2, modulus of elasticity
10,550-19,500 N/min2, compression parallel to
grain 56-97 N/min2 and Janka side hardness
13,000 N.
The wood is difficult to saw; satellite-tipped
sawteeth are recommended. Finishing is gen-
erally fair, but planing may be difficult due to
interlocked grain. Pre-boring is necessary for
nails and screws. The gluing properties are
good
The wood is durable and resistant to fungi, dry
wood borers and termites. It is suitable for use
in contact with the ground. It is not permeable
for preservatives. The sawdust may irritate
mucous membranes and may cause allergy and
asthma of labourers in sawmills.

Adulterations and substitutes Erythro-
phieum alkaloids have similar pharmacological
activities as digitoxine and ouabain. The tim-
her from Erythrophleum suoueolens and
Erythroph!eum toore, Ise is marketed iridiscrim-
Inately under the trade names 'tall' 'erun',
'bolondo' and 'alui'.

Description Medium-sized tree up to 25(-
30) in tall, often branching low; bark finely
fissured, scaly, grey; twigs glabrous. Leaves
alternate, hipinnately compound with 2-4
pairs of pinnae; stipules minute, soon falling;
petiole and rachis up to 35 cm long, petiole
thickened at base; leaflets alternate, 7-14 per
pinna, ovate to ovate-elliptical, up to 9 cm x 5.5
cm, base asymmetrical, apex obtusely acumin-
ate. Inflorescence an axillary panicle consisting
of spike-like racemes up to 12 cm long, shortly
yellowish hairy. Flowers bisexual, regular, 5-
merous, yellowish white to greenish yellow;
pedicel c. 1.5 mm long, reddish hairy; calyx
lobes I-1.5 mm long; petals 2-3 mm x 0.5 min,
short hairy at margins; stamens 10, free, c. 5
min long; ovary superior, rusty hairy, I-celled,
stigma cup-shaped. Fruit a flat, slightly
curved, dehiscent pod 5-17 cm x 3-5 cm, stipe
often lateral, broadly rounded at apex, pendu-
IOUs, 6-IT'Seeded. Seeds oblong-ellipsoid, c. 15
mm XIImm x5mm.

Other botanical information Erythrophle-
urn comprises about 10 species, 4 or 5 of which
occur in continental Africa, I in Madagascar, 3
in eastern Asia, and I in Australia. The genus
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Erythrophleum suoueolens - I, brunch with
port o11eofond inflorescence, . 2, flower, . 3, fruit.
Source. . Ploye gnulytique du B6nin

is one of the few Goesolpinioceoe reported to
contain alkaloids. Erythrophleum suoueolens
superficially resembles Burheo of neono Hook.
Mistakes in identification have led to acci-

dental poisoning and even death.
Erythrophleum lostonthum Corbishley, the
'Swazi ordeal tree', closely resembles Erythro-
phleum suoueolens. It is restricted to the area
from southern Mozambique south to Swazi-
land. In South Africa the powdered bark is
taken as a snuffto relieve headache, as a rein-
edy for other pains and fever, and to cure lung
sickness in cattle. The bark has been used as

ordeal poison in the same way as Erythrophle-
urn suoueolens, and is also used as a fish and
rat poison. The bark contains cardioactive al-
kaloids, mainly norcassamidine

Anatomy Wood-anatomical description OAWA
hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-
Iygona1; 26: intervessel pits medium (7-10 prn);
(27: intervessel pits large G 10 prn)); 29: ves-
tured pits; 30: vessel-ray pits with distinct bor-
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ders; SImLlar to intervessel pits in size and
shape throughout the ray cell; 42: mean tan-
gential diameter of vessellumina 100-200 prn;
43: mean tangential diameter of vessellumina
2: 200 prn; 46: s 5 vessels per square minimetre;
(47: 5-20 vessels per square minimetre); 58:
gums and other deposits in heartwood vessels
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 70: fibres very thick-walled. Axial pa-
renchyma: 80: axial parenchyma allform; 81:
axial parenchyma lozenge-allform; 83: axial
parenchyma confluent; 84: axial parenchyma
unilateral paratrachea1; 91: two cells per pa-
renchyma strand; 92: four (3-4) cells per pa-
renchyma strand. Rays: 97: ray width I-3 cells;
104: all ray cells procumbent; 1/5: 4-12 rays
per mm. Stoned structure: 1/8: all rays sto-
ried; 122: rays and/or axial elements Irregular-
Iy stoned. Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchyma cells.
(E. Uetimane, H. Beeckman & P. E. Gasson)

Growth and development Regeneration of
Erythrophleum suoueolens is best in fairly open
forest. Flowering has been noted to occur in
January-April in West Africa, December-
February in Kenya and in MarchJuly in
southern Africa. Nodulation was observed and
the rhizobium involved belongs to the genus
BradyrhizobLum

Ecology Erythrophleum suoueolens occurs in
moist semi-deciduous forests, gallery forest and
wooded grasslands, from sea-levelup to 1100 in
altitude. It is absent from the evergreen forest.

Propagation and planting Erythrophleum
suoueolens can be propagated in nurseries;
seed takes 3 weeks to germinate. Inoculation
with Brodyrhizobium is beneficial, with in-
creases in height and diameter of 20% and 28%
respectively after 4 months.

Management In Sierra Leone attempts
have been made to grow Erythroph!eum suoue-
o1ens in plantations, but growth was slow

Harvesting The main parts of Erythrophle-
urn suoueo!errs harvested for medicinal purpos-
us are roots and bark, while the wood is ex-
PIOited for timber. Traditional herbal1sts use
ad hoc techniques to excavate the roots and
debark the stems. Virtually antrees are used,
from young to old ones.

Handling after harvest Erythrophleum
suoueolens roots and bark are washed and air-
dried before use or trade. In Malawi sawing of
the logs mainly takes place in the forest and
the timber is transported to timber merchants

before or after seasoning
Genetic resources Erythrophleum suoueo-

lens is widespread and locally common, and as
such not threatened by genetic erosion. How-
ever, locally it is heavily exploited. One can
hardly find a mature tree of Erythrophleum
suoueo!errs that has not been debarked in Ma-

lawi and therefore it is a species of conserva-
tion concern there

Prospects Erythroph!eum suoueo!errs is an
important medicinal plant and further study of
its pharmacology is Justified. Internal use of
unpurified medicines made from Erythrophle-
urn suoueolens is extremely dangerous. The
difference in active ingredients between indi-
vidualtrees in a single population and the dif-
forences in composition related to age of the
plant are not understood at all, which makes
use even more hazardous. Breeding and man-
agement programmes should be started in tar-
get countries to enhance deliberate propaga-
tion and establishment in indigenous forests
and plantations

Major references ATbonnier, 2004; Ayensu,
1978; Betti, 2002; Brenan, 1967; Burki11, 1995;
Kamanyi at a1. , 2003; Marshall, 1998; Oliver-
Bever, 1986; Neuwinger, 1996

Other references Abbiw, 1996; Aubr6ville,
1968; Beentje, 1994; Coates Palgrave, 1983;
Cronlund, 1976; Diabate at a1. , 2005; Hegnauer
& Hegnauer, 1996; InsideWood, undated; Lad-
IPO & Onyeachusim, 1993; MCGaw, J6. ger &
van Staden, 1997; Mgbenka & Ejiofor, 1998;
Naderali, Doyle & Williams, 2000; Onuorah,
2001; Sprent, 2005; Wilczek at a1. , 1952

Sources of illustration Ako6gninou, van
der Burg & van der Maesen (Editors), 2006

Authors J. M. Okeyo
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Protologue F1. trop. Mr. I: 274 (1868)
Family Erythroxylaceae
Chromosome number2n=24

Origin and geographic distribution Ery-
throxylum monnii occurs from Guinea and
Sierra Leone to Gabon and DR Congo

Uses The wood of Byythroxylum morinii,
traded as 'landa', is used for furniture and cab-
met work, although it may be made unsightly
by 'pith-flecks', small darkened streaks or
flecks on the face of boards created by the Iar-
vae of tiny flies. Logs are traditionally used to
make dug-out canoes. The wood is suitable for
construction, flooring, joinery, interior trim,
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Byythroxylum monnii- wild

mine props, ship building, toys, novelties, rifle
butts, boxes, crates, vats, draining boards,
turnery, carvings, veneer and plywood. It is a
good firewood.
In C6te d'TVoire a preparation from the bark is
used in massaging to treat PIeuritic chest pain.
A decoction of leafy twigs is reputed to cure
fever.

Production and international trade Very
small amounts of 'landa' are traded interna-
tionally. Cameroon exported 125 ing as sawn-
wood in 2003. In Liberia the wood ofErythroxy-
Ium monnii has been classified as a second-
class commercial timber.

Properties The heartwood is pink to pale
reddish brown, darkening upon exposure, and
not distinctly demarcated from the up to 6 cm
wide, whitish or greyish sapwood. The grain is
straight to wavy or interlocked, texture fine
and generally even. A figure of broken stripes
or mottles is fairly common and numerous pith
flecks 2.5-5 cm long may be present. The wood
is medium-weight, with a density of 630-700
kg/ms at 12% moisture content, and moderately
hard. It air dries rapidly, with low risk of sur-
face checking or degrade. The shrinkage rates
are moderate, from green to oven dry 3.5-4%
radial and 5.8-9.6% tangential. Once dry, the
wood is moderately stable to unstable in ser-

machine tools, and has a normal dulling effect
on saw teeth and cutting edges. It planes well
in spite of the presence of wavy or interlocked
grain, but is sometimes brittle. It holds nails
and screws well. Moulding properties are good,
as well as gluing, polishing, painting and wax-
ing properties. The wood is suitable for slicing
and peeling. The heartwood is moderately du-
rable, being somewhat susceptible to fungal
attack but fairly resistant to termite attack.
The heartwood is resistant to impregnation
with preservatives, the sapwood moderately
resistant.

The wood contains 37% cellulose, 31% 11gnin,
20% pentosan, 0.5% ash and 0.03% silica. The
solubility is 6.9% in alcohol-benzene, 1.7% in
hot water and 18.5% in a I% NaOH solution.

Adulterations and substitutes The wood
ofErythroxylum monniihas some resemblance
to that of Guareo spp.

Description Deciduous medium-sized tree
up to 25(-30) in tall; hole branchless for up to
15(-18) in, straight and cylindrical, up to 100(-
140) cm in diameter, sometimes slightly fluted
at base; bark surface fissured and scaly, grey-
ish, inner bark soft, fibrous, with a pinkish
layer outside and a yellowish white layer in-
side, quickly turning brown upon exposure;
crown open and flattened, with few spreading
main branches; twigs flattened, with lenticels.
Leaves alternate, simple and entire, reddish
when very young; stipules fused at base, trian-
gular, c. I mm long, persistent; petiole 0.5-I
cm long; blade obovate to elliptical, 3-12 cm x
1.5-4.5 cm, base curieate, apex rounded or
slightly notched, papery, glabrous, pinnately
veined with up to 20 pairs of lateral veins, of-
ten with a faint vein-like line at each side of

the inIdrib. Inflorescence an axillary fascicle,
5-8-flowered. Flowers bisexual, regular, 5-
merous, white; pedicel slender, 0.5-I cm long;
sepals fused at base, triangular, I-2 min x I
min; petals free, oblong, up to 5 min long,
shortly clawed at base and with nectar-
producing appendage at base Inside; stamens
10, fused at base, 3-5 mm long; ovary superior,
obovoid, c. 1.5 min long, 3-celled, styles 3, fused
for more than half their length, stigmas head-
shaped. Fruit an oblong to ovoid drupe c. I cm
long, red when ripe, stone 3-celled but only I-
seeded. Seedling with epigeal germination;
hypocoty1 3-3.5 cm long, epicoty1 6-7 mm long,
glabrous; cotyledons leafy, narrowly oblong, c
2 cm long; first leaves opposite.

Other botanical information Erythroxy-
Ium comprises approximately 200 species and

L.
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vice.

At 12% moisture content, the modulus of rup-
ture is 91-134 N/min2, modulus of elasticity
11,270-14,010 N/mm2, compression parallel to
grain 51-57 N/min2, shear 7.5 N/mm2 cleavage
15-19 N/mm, Janka side hardness 4580 N and
Chalais-Meudon side hardness 2.1-3.3.
The wood saws and works well with hand and
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intervessel pits alternate; (23: shape of alter-
nate pits polygonal); 25: intervessel pits small
(4-7 prn); 30: vessel-ray pits with distinct bor-
ders; similar to intervessel pits in size and
shape throughout the ray cell; 31: vessel-ray
pits with much reduced borders to apparently
simple: pits rounded or angular; 42: mean tan-
gential diameter of vessellumina 100-200 prn;
48: 20-40 vessels per square minimetre. Tra-
cheids and fibres: 61: fibres with simple to inI-
nutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: (76: axial parenchyma diffuse);
78: axial parenchyma scanty paratrachea1; 92
four (3-4) cells per parenchyma strand; 93
eight (5-8) cells per parenchyma strand. Rays:
97: ray width I-3 cells; (106: body ray cells
procumbent with one row of upright and/or
square marginal cells); 107: body ray cells pro-
cumbent with mostly 2-4 rows of upright
and/or square marginal cells; 108: body ray
cells procumbent with over 4 rows of upright
and/or square marginal cells; 1/3: disjunctive
ray parenchyma cell walls present; 1/5: 4-12

Mineral inclusions: 136rays per min pris-

matic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells
(E. A. Obeng, P. E. Gasson & E. A. Wheeler)

Growth and development Erythroxylttm
monnit is considered to be a pioneer. In Gum.
ea, Ghana and Gabon saplings have been rec-
orded to be common in disturbed forest

Growth of young trees is fast; in Guinea they
reached a height of about 12 in and a hole di-
ameter of 11 cm 6 years after planting in the
open and a height of about 7 in in the under-
storey of degraded forest. The mortality was
low, less than 9% 6 years after planting. In
Ghana young trees reportedIy reached a height
of 20 in and a hole diameter of 15 cm on logging
roads of 4 years old. In natural forest in C6te
d'Ivoire, the mean annual diameter growth was
recorded as 3.5 min over a period of 14 years,
and in an arboretum in Gamero0n it was 5 mm

for trees of 50 years old, with some trees reach-
ing 12 mm/year
Erythroxy!urn monniiis often not truly decidu-
ous; It produces new leaves well before all old
ones are shed. In Sierra Leone it changes its
leaves in September-November. Flowering
occurs at the end of the dry season, in April-
May, fruiting mainly in July-August. In C6te
d'Ivoire fruits mature in June-July. They are
eaten by birds, which disperse the seeds.

Ecology Erythroxy!urn monnii occurs scat-
tered or in small groups in evergreen forest
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ERYTHROXYLUM 345

Erythroxylum monnii - I, buse of 601e, . 2, flow-
ering twig, . 3, flower, 4, twig with fruit
Redruwn und adopted by W. We88el-Brond

occurs throughout the tropics, most of them in
SouthAmerica. Erythroxy!urn cocu Lain. is best
known, as the source of coca leaves and co-
came. In tropical Africa about 10 species are
found

Erythroxylum fischeri Engl. is an evergreen,
much-branched shrub or small to medium-

sized tree up to 18 in tall, with straight hole up
to 60 cm in diameter. It occurs in evergreen
and riverme forests and thickets up to 1350 in
altitude in DR Congo and from southern Sudan
and western Ethiopia southward to Tanzania.
Its hard and durable wood is used for poles in
house building and for utensils such as spoons.
It is suitable as garden ornamental or pot
plant, and in Ethiopia the leaves are used as
fodder for goats. The gum exudate is used as
glue and in the preparation of medicines

Anatomy Wood-anatomical description CAWA
hardwood codes)
Growth rings: a growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
(10: vessels in radial multiples of 4 or more
common); 13: simple perforation plates; 22:

\~ I
\
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and slightly more commonly in semi-deciduous
forest.

Propagation and planting Fruits are col-
Iected during the rainy season. In Guinea it
has been proposed to clear the understorey
under fruiting trees to facilitate fruit collection;
the seedlings developing from germinating
fruits can be transplanted to the nursery
There are about 25,000 fruit stones per kg
They start to germinate 2-4 weeks after sow-
ing. The germination rate is usually low, 2-
30%. In each pot 3-5 fruit stones are placed
Shading is not necessary during germination,
but is recommended after germination and is
progressiveIy reduced 1.5 months before plant-
ing seedlings into the field. Seedlings can be
planted out after 9 months, when they reached
about 45 cm tall.

Management In forest in eastern Sierra
Leone average densities of 0.6 trees with a hole
diameter of 20-40 cm have been recorded per
ha, 0.2 trees with a hole diameter of 40-60 cm
per ha, and 0.05 trees with a hole diameter of
more than 60 cm per ha. In Cameroon average
densities of up to 0.15 trees with a hole diame-
ter of more than 60 cm have been recorded per
ha, with a mean wood volume of up to I in3ftia
In plantations in Guinea a first thinning has
been done 4-7 years after planting at a spacing
of 3 in x 3 in, depending on soil fertility
Erythro, cylum monnii can be planted in agro-
forestry systems in association with banana

Harvesting The minimum hole diameter
allowed for harvesting Erythroxylum monnti
trees is 50 cm in Cameroon and 70 cm in the

Central African Republic and Gabon.
Yield Mature trees usually produce 4-7 ina

of hole wood.

Genetic resources Erythroxy!urn morintiis
widespread and although it usually occurs
scattered in low densities, there are no indica.
tions that it is in danger of genetic erosion.

Prospects The wood of Erythroxy!urn mon-
rillis likely to remain important for local appli-
cations because of its good drying and pro-
cessing properties. The amounts of timber
available are nowhere sufficiently common to
become an Important commodity in the inter-
national market. However, as a reputedIy fast-
growing pioneer species, investigations Into its
prospects as a plantation timber tree are war-
ranted

Major references Badr6, 1972b; Bolza &
Keating, 1972; Burki11, 1994; CTFT, 1950a;
Hawthorne, 1995; ITvine, 1961; Normand,
1937; Savill & Fox, 1967; Takahashi, 1978;

Vivien & Faure, 1985
Other references Anonymous, 1960b; Au-

br6ville, 1959b; Badr6, 1973b; Beentje, 1994;
Chudnoff, 1980; de in Mensbruge, 1966; Friis &
Vonesen, 1985; Friis & Vonesen, 1998; GIIbert,
1958; Hubert, undated; Isa IPOr, 1998; Keay,
1958c; Keay, 1989; Kerharo & Bouquet, 1950;
Lovett at a1. , 2007; Raponda-Walker & Sillans,
1961; Tailfer, 1989; Verdcourt, 1984a; Voor-
hoeve, 1965; White & Ahemethy, 1997

Sources of illustration Badr6, 1972; Vivien
& Eaure, 1985; White & Ahemethy, 1997.

Authors L. P. A. Oyen & D. Louppe

EUCLEAPSEUDEBENUS E. Mey. exA. DC.

Protologue Prodr. a 217 (1844).
Family Ebenaceae
Chromosome number2n=30

Vernacular names Cape ebony, false ebony
(En)

Origin and geographic distribution EUCleo
pseudebenus occurs in dry regions of Angola,
Namibia and western South Africa.

Uses The wood with its blackish heartwood

and pale sapwood has much resemblance to the
true ebony of Diospyros spp. , and is locally
popular for carving and Inlay work, and is also
used for construction of houses, fences and
utensils. However, it is usually only available
in small dimensions. It is important as fire-
wood. The roots and twigs are chewed to clean
the teeth. The fruits are edible although they
may be quite astringent. Root infusions are
applied in traditional medicine to treat head-
ache and toothache. Leaves and fruits serve as

forage for livestock. The tree gives valuable

.

EUCleopseudebenus - wild

..

o

.^



shade in the hot and dry areas where it grows.
Properties The heartwood is black and dis-

tinctly demarcated from the pale sapwood. The
wood has a fine texture and is hard and dura-
ble

Several naphthoquinones have been isolated
from the roots of EUC!eo pseudebenus, of which
7-methyljuglone showed potent anti-tuberCUIo-
SIS activity, diospyrin showed tumour inhibito-
ry effect against different cancer celllines, and
ISOdiospyrin showed DNA topo-isomerase I
inhibitory activity.

Botany Shrub or smalltree up to 10 in tall;
hole up to 30(-50) cm in diameter; bark surface
deeply cracked, dark grey; branches drooping,
twigs slender, hanging straight down, finely
hairy. Leaves alternate, simple and entire;
stipules absent; petiole up to 3 mm long; blade
linear, often slightly curved, 1.5-5 cm x 2-5
mm, curieate at base, acuminate at apex,
leathery, glabrous. Inflorescence a small axil-
Iary fascicle, hairy, male one 3-7-flowered,
female one IC3)-flowered. Flowers unisexual,
regular, 5-6-merous; calyx up to I mm long,
short-hairy; corolla urn-shaped, c. 3 mm long,
shallowly lobed; male flowers with 12-20 sta-
mens and rudimentary ovary; female flowers
slightly smaller than male ones, with superior,
ovoid, densely hairy ovary, usually 4-celled,
styles 2, very short. Fruit a globose berry 5-8
mm in diameter, black when ripe, usually I-
seeded. Seed globose, 3-5 min in diameter,
with 2 thin lines and a groove
Seedlings have been reported to grow rapidly
in dry river beds, reaching about 60 cm tall in
one year. The flowers are visited by bees and
butterflies, which may serve as pollinators. The
fruits are mainly eaten by birds, which dis-
perse the seeds.
EUCleo comprises about 12 species and is con-
fined to Africa and Arabia. South Africa is
richest in species

Ecology EUCleu pseudebenus occurs in and
areas where few other tree species can survive,
often growing together with Tornorix spp. It is
commonly found in dry riverbeds in the Namib
desert, preferring deep sandy soils, but occurs
also on stony soils.

Management Seedlings soon develop long
taproots and are difficult to transplant.

Genetic resources and breeding EUC!eo
pseudebenus does not seem to be threatened
because it is locally common, although usually
not abundant. However, collection of the beau-
tnnl wood for carving and as firewood may
IOCaUy cause high pressure on the populations,

for which monitoring is recommended
Prospects Although EUC!eo pseudebenus

provides a beautiful wood for ornamental pur-
poses, Its hole size is too small and its occur-
rence too scattered to be of great commercial
importance. Further research on the pharma-
cological activities of EUCleo pseudebenus is
recommended because the results of prelimi-
nary studies are promising

Major references Coates Palgrave, 1983;
de Winter, 1963; Palmer & Pitman, 1972-1974;
Van den Eynden, Vernemmen & Van Damme,
1992; van Wyk & Gencke, 2000

Other references Joubert at a1. , 2006;
Neuwinger, 2000

Authors R. H. M. J. Lemmens

BURYPETALUM 347

EURYPETALUMTESSMANNllHarms

Protologue Bot. Jabrb. Syst. 45: 295, fig. I
(1910).

Family Caesalpiniaceae or. ,eguminosae - Cae-
salpinioideae)

Synonyms EUrypetolum botesii Baker f
(1929).

Origin and geographic distribution Burype-
to!urn tessmonnii occurs in southern Came-

roon, Equatorial Guinea and Gabon.
Uses The wood is used locally for construc-

tion, joinery and carpentry. In Gabon it is con-
sidered durable and used for house construc-

tion.

Properties The heartwood is coppery red-
dish brown and distinctly demarcated from the
whitish to pale orange-yellow sapwood. The
texture is fine. The wood is rather heavy and
hard. A red dye is present in the wood.

.

Burypeto!urn tessmonnii- wild
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Botany Medium-sized to fairly large tree up
to 40 in tall; bole up to 90 cm in diameter, often
with many upright sprouts at base or several
boles together, with buttresses, sometimes
with air roots; bark surface fissured, reddish
grey to dark grey or blackish, inner bark thin,
fibrous; twigs usually glabrous, with lenticels
Leaves alternate, panpinnately compound with
4 leaflets; stipules ovate-lanceolate to elliptical,
up to 2 cm long; petiole I-2(-3.5) cm long, ra-
chis I-9 cm long; petiolules 4-8 min long; leaf-
lets at base of leaf alternate to opposite, at
apex of leaf opposite, usually obovate-elliptical,
(4.5-)6-11.5(-17) (2-)2.5-6(-8.5) cm,
acuminate at apex, leathery, glabrous, with
marginal gland near base and with translucent
dots. Inflorescence an axillary panicle up to 10
cm long, short-hairy, with long branches. Flow-
ers unisexual or polygamous, zygomorphic,
whitish; pedice1 2-7 mm long; sepals 4, ovate-
oblong, 3-6 min long, slightly unequal, gla-
brous; petals 5, free, I large and kidney-
shaped, 4-8 mm x 7-17 min, the other very
small; stamens 10, in 2 whorls, 9 shortly fused
at base, I free, up to 11.5 mm long; ovary supe-
nor, I-1.5 mm long, hairy, with short stipe at
base, style slender, curved; male flowers with
reduced ovary, female flowers with reduced
stamens. Fruit an obovate, flattened pod 8-11
cm x 4-5 cm, hairy, with short stipe at base,
dehiscing by 2 woody valves, I-2-seeded. Seeds
elliptical to nearly round, flattened, 4-6 cm
long, glabrous, brown. Seedling with epigeal
germination; hypocoty1 1.5-5 cm long, epicotyl
7-13 cm long; cotyledons thick, fleshy, with
fringes at base; first leaves alternate, with 2-4
pairs of leaflets.
In the forest, trees are often surrounded by
sprouts from the base of the hole; these sprouts
may form circles of up to 5 in in diameter. The
flowers are possibly functionally unisexual.
Trees with only apparently male flowers are
more common than trees with apparently fe-
male flowers, in a proportion of approximately
4:1. The fruits are explosiveIy dehiscent with
spiralling valves, dispersing the seeds over
some distance.

EUrypetolum comprises 2 species. It has been
placed close to Eperuo from tropical America,
which has a similar flower structure but differs

in wood anatomy and the presence of nectary
glands.
The wood of Burypeto!urn Mittiugum Harms, a
medium-sized tree up to at least 20 in tall with
hole up to 80 cm in diameter and endemic to
Garnero0n, is probably used in the same way as

that of EUrypetulum tessmonrtii. Burypetolum
unjjugum is characterized by a single pair of
leaflets.

Ecology Burypetolum tessmonnii occurs in
lowland rainforest up to 350 in altitude, in
primary and old secondary forest.

Genetic resources and breeding Bury-
petolum tessmonniL Is fairly widespread in
Central Africa, and does not seem to be subject
to threats because it is not selectively logged
However, Burypeto!urn un4jugum is classified
as vulnerable because it occurs only in Came-
roon, and is there rare and threatened by forest
clearance.

Prospects Burypetolum tessmonniiis poorly
known, also concerning its wood properties.
However, it will probably remain of only local
importance because it Is often multi-stemmed
with most holes of comparatively small diame-
ter and its wood is hard and heavy without
very attractive appearance. However, its vege-
tative way of propagation by sprouting may
offer good possibilities for multiplication e. g
for reafforestation programmes

Major references Obiang-unomio & Brete-
Ier, 2007; Raponda-Walker & Sillans, 1961;
Sassen & Wari, 2006.

Other references Aubr6ville, 1968; Aubr6-
vine, 1970; Burki11, 1995; Cheek, 2004; Fou-
g6re-Danezan, Maumont & Bruneau, 2007;
Leonard & Doucet, 1996; Lewis at a1. , 2005;
Normand & Paquis, 1976.

Authors R. H. M. J. Lemmens

cm x

FADREASALIGNAHarv.

Protologue London Journ. Bot. a 373, t. 15
(1847).

Family Proteaceae
Vernacular names Redbeech, Africanbeech,

African red beech, beechwood (En).
Origin and geographic distribution Foureo

songno occurs from DR Congo, Rwanda and
Kenya south to Angola, Botswana, Zimbabwe,
Mozambique and northern and eastern South
Africa

Uses The wood is used for poles and posts in
construction, joinery, panelhng, furniture, uten-
SIIs, ornaments and fence posts. It is suitable
for flooring, railway sleepers, toys, novelties,
tool handles, carvings, turnery, veneer and
plywood. It is also used as firewood and for
charcoal production
Roots, bark and leaves are used in traditional
medicine. Root decoctions and infusions are
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Foureo soligno - wild

administered to treat diarrhoea, Indigestion,
colic, cough, venereal diseases, schistosomiasis
and dysmenorrhoea. Bark decoctions are taken
against venereal diseases, schistosomiasis,
rheumatism, headache and skin complaints,
and as tonic. Leaf preparations are applied to
treat pneumonia, lumbago, colic, intestinal
parasites, headache and skin complaints. The
bark has been used for tanning leather and
provides a red dye. The tree is planted as
windbreak and for mulch, and occasionally as
ornamental in large gardens and parks. The
flowers are visited by honey bees, which collect
nectar; the honey is blackish and has a strong,
aromatic and malty flavour.

Properties Heartwood yellowish brown to
pinkish brown or reddish brown and rather
indistinctly demarcated from the slightly paler
sapwood. The grain is interlocked, texture
moderately coarse. The wood has a distinct net-
like pattern of darker spots on tangential sur-
faces, and horizontal bands on radialsurfaces.
The wood is medium-weight, with a density of
720-770 kg/ina at 12% moisture content. It air
dries fairly wellbut slowly, without splitting or
warping but with slight surface checking. The
rates of shrinkage are high. At 12% moisture
content, the modulus of rupture is about 89
N/mm2 modulus of elasticity 11,560 N/mm2,
compression parallel to grain 60 N/min2, shear
13.5 N/mm2 and Janka side hardness 7370 N.
The wood saws and works well with machine

tools, and it can be planed, mortised and pol-
ished with good results. Radial surfaces may
show some picking up of grain. The nailing
properties are satisfactory. The wood produces
good-quality veneer by slicing and peeling. It

turns well. It is moderately durable to fairly
durable, having some resistance to termites
and wood borers. Boles of young trees are not
suitable for use as poles or fence posts in con-
tact with the ground, but those of older trees
are more durable

Botany Evergreen small to medium-sized
tree up to 20(-27) in tall; hole branchless for up
to 10 in, straight or twisted, slender, up to 60
cm in diameter, sometimes swollen at base;
bark surface longitudinalIy fissured, dark grey-
ish brown to blackish, inner bark yellowish
with pink or red border; crown fairly open, with
spreading branches; twigs pendent, greyish
short-hairy, becoming glabrous. Leaves alter-
nate, usually clustered near ends of twigs,
simple; stipules absent; petiole up to 1.5 cm
long, pinkish to red; blade lanceolate-elliptical,
up to 16 cm x 3.5 cm, curieate at base, acute at
apex, margins entire or slightly wavy, leathery,
glabrous, glaucous green, pinnately veined
with indistinct lateral veins. Inflorescence a

terminal, dense spike up to 15 cm long, greyish
short-hairy. Flowers bisexual, zygomorphic, 4-
merous, sessile; perianth tubular in bud, c. 12
min long, splitting into 4 reflexing lobes, one
nearly free, the others fused almost to apex,
pale pinkish green; stamens fused to perianth
lobes; ovary superior, with long straight hairs,
I-celled, style long and slender. Fruit a small,
globose nut covered with silky white hairs, I-
seeded.

Trees grow moderately slowly. In southern
Africa flowering trees can be found from Au-
gust to February and fruits ripen 2-3 months
later. The flowers are fragrant with a sweet
smell and rich in nectar, and attract bees,
which are probably the major pollinators.
Poured comprises about 15 species and occurs
in mainland Africa, but one species is endemic
to Madagascar. Foureo rochetiono (ARIch. )
PICSerm. (synonym: Poured specioso WeIw. )is
quite similar to Foureo saltg, 10 and has been
much confused in literature with the latter. It

differs in its usually wider leaves, which are
hairy below, and has an even larger area of
distribution, from Nigeria east to Ethiopia and
south to South Africa. Its wood is used for SImi-

Iar purposes, and the tree is used for other
purposes which are also coinparable to Foureo
songno. Some other Foureo spp. have been
confused with Foureo songno, particularly
Foureo arboreo Engl. , Foureo deleuoyiDe Wild.
and Foureo wentzeliono Engl. , which are all
medium-sized trees, occasionally up to 30 in
tall. This means that information published
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under Foureo songno may refer to another
species or to a mixture of species
Foureo forlieult/lord Baker is a smalltree up to
IOC20) in tall, with a bole up to 50 cm in di-
ameter, endemic to Madagascar, where it is
widespread in the central regions up to 2500 in
altitude. Its hard, yellowish brown wood has
been used for fence posts.
Foureo ingcnoi, ghtonti E. Phillips is restricted
to South Africa and Swaziland, where it occurs
in few, scattered populations. Its brown to dark
brown, nicely figured wood, which is heavy
(with a density of about 950 kg/ms at 12%
moisture content) and hard, has been valued
for furniture, but the tree is now protected.

Ecology Foureo songno occurs in woodland,
often together with Brachystegio spp. , and
grassland with scattered trees, at 700-2000 in
altitude, in regions with a mean annual rain-
fall to as low as 500 min. It can be found on

sandy or loamy soils, and on rocky ridges
Trees are slightly fire-tolerant, but do not sur-
vive fierce fires

Management There are about 165,000 nuts
per kg. Fresh nuts should be sown in well-
drained soil; they may lose viabillty within a
month. The germination rate is reported to be
variable, from poor to fair.

Genetic resources and breeding Poured
songno is widespread and locally common, and
there are no indications that it is in threat of
genetic eroslon.

Prospects Foureo songno and other Foureo
spp. do not have good prospects as timber trees
of more economic importance because the logs
are usually too smalland trees grow too slowly
However, as multi-purpose trees valuable for
local timber production, in local medicine, and
as auxiliary tree, bee forage and ornamental
tree, they deserve protection. Phytochemical
and pharmacologicalstudies are recommended
in view of the wide use of Foureo spp. in tradi-
tional medicine.

Major references Chilufya & Tengnas,
1996; Coates Palgrave, 1983; Latham, 2007;
Maundu & Tengnas (Editors), 2005; Orwa at
a1. , 2009

Other references Boiteau, Bolteau & A1-
10rge-Bolteau, 1999; Brummitt & Marner,
1993; Burki11, 1997; Chikamai at al. , undated;
Chisumpa, Brummitt & Marner, 2006; Grace
at a1. , 2002a; Mbambezeli, 2008; Neuwinger,
2000; Palmer & Pitman, 1972-1974; van Wyk
& Gencke, 2000

Authors R. H. M. J. Lemmens

FOETIDLACLUSIOIDES Baker

Protologue Bull. Misc. Inform. Kew 1895
104 (1895)

Family Lecythidaceae
Vernacular names Stinkwood tree (En)
Origin and geographic distribution Foeti-

dig clusioides is endemic to eastern Madagas-
car

Uses The wood of Poetidio clusioides and

other Foetidio spp. , called 'bois puant' or 'nato
bothtra' in Madagascar, is used in heavy con-
struction for posts and piles. It is suitable for
heavy construction, heavy flooring, joinery,
interior trim, ship building, vehicle bodies,
railway sleepers, mine props, sporting goods,
toys, novelties and turnery. It is also used as
firewood and for charcoal production

Production and international trade The

wood of Foetidio clusioides is only locally used
and traded.

Properties The heartwood is reddish grey
and not distinctly demarcated from the grey
sapwood. The grain is usually straight, some-
times interlocked, texture medium and even
The wood has a bad smell. It is heavy, with a
density of 1000-1080 kg/in3 at 12% moisture
content, and hard, strong and fairly elastic. It
air dries fairly easily, but care is needed to
avoid splitting, checking or twisting. The
shrinkage rates are high, from green to oven
dry 7.8-9.1% radial and 13.0-13.8% tangential.
Once dry, the wood is unstable in service. At
12% moisture content, the modulus of rupture
is 249-322 N/mm2, modulus of elasticity
22,740-24,220 N/min2, compression parallel to
grain 91-104 N/min2, shear 8.5-13.5 N/mm2
cleavage 20-29.5 N/mm and Chalais-Meudon

.

Foetidio clusioides - wild
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side hardness 7.5-11.8

The wood worksfairly wellwith both hand and
machine tools, and can be planed to a smooth
surface. It is very shock resistant. It holds nails
and screws well, but pre-boring is recommend-
ed. The wood takes a nice polish and glues
well. It is very durable, also when in contact
with the ground or water, and is rarely at-
tacked by termites. The sapwood may be liable
to Lyetus attack.

Description Evergreen smalltree up to 15
(-20) in tall; hole up to 35 cm in diameter;
twigs thick, glabrous. Leaves arranged spiralIy,
clustered near apex of branches, simple and
entire, nearly sessile, mrolled in bud; stipules
absent; blade slightly obliquely oblanceolate to
spatulate, 5-13 cm x 2-6 cm, base curieate,
apex rounded or notched, leathery, glabrous,
pinnately veined with numerous indistinct
lateral veins. Flowers solitary in leaf axils,
bisexual, regular; pedicel up to 2 cm long; sep-
als 4, oblong-oblanceolate, c. 1.5 cm x 0.5 cm;
petals absent; stamens numerous, free, ar-
ranged in 4 groups, I-1.5 cm long; disk flat and
circular; ovary inferior, 4-celled, style almost as
long as stamens, thick, usually with 4 short

branches. Fruit a top-shaped woody drupe I-
1.5 cm long, Indehiscent, with at apex persis-
tent disk and enlarged wing-like sepals up to 3
cm long, few-seeded

Other botanical information Foetidio coin-

prises 16 species, of which 13 are endemic to
Madagascar, 2 to the Mascarene islands, and I
to Tanzania.

The wood of other Foetidio species is occasion-
ally used in Madagascar. Foetidio OSymetrico
H. Ferner is a small to medium-sized tree up to
20 in tall, which is widespread in northern and
western Madagascar. Its wood, called 'manam-
bao', is heavy and moderately hard, and used
for construction, particularly for posts in tradi-
tional houses and for bridges, carpentry and
wagon construction
Foetidio objiquo Blume is a shrub or smalltree
up to 10 in tall. It is the most common and
widespread species of Foetidio in Madagascar,
occurring from north to south in eastern parts
of the island; it also occurs on Feinba island
(Tanzania), possibly introduced and natural-
ized. Its wood, named 'voantsandka' in Mada-
gascar, is used in construction for posts and
piles. The leaves are used in traditional medi-
cine; leaf infusions are administered to treat
complaints of the respiratory organs

Anatomy Wood-anatomical description OAWA
hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-
Iygona1; 24: intervessel pits minute (S 4 prn);
30: vessel-ray pits with distinct borders; SImi-
Iar to intervessel pits in size and shape
throughout the ray cell; 42: mean tangential
diameter of vessellumina 100-200 pin; 47: 5-
20 vessels per square minimetre; 48: 20-40
vessels per square minimetre. Tracheids and
fibres: 61: fibres with simple to minutely bor-
dered pits; 66: non-septate fibres present; 70:
fibres very thick-walled. Axial parenchyma: 76:
axial parenchyma diffuse; 77: axial parenchy-
ina diffuse-in-aggregates; 78: axial parenchyma
scanty paratrachea1; 86: axial parenchyma in
narrow bands or lines up to three cells wide;
93: eight (5-8) cells per parenchyma strand
Rays: 97: ray width I-3 cells; 106: body ray
cells procumbent with one row of upright
and/or square marginal cells; 1/3: disjunctive
ray parenchyma cell walls present; 1/5: 4-12
rays per min. Mineral inclusions: 136: prts-
matic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells; 159
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silica bodies present; 160: silica bodies in ray
cells

re. E. Gasson, P. Mugabi & E. A. Wheeler)
Ecology Poetidio CIMstoides occurs in humid

evergreen forest, up to 1000 in altitude
Genetic resources Foetidio CIMsioides is

fairly widespread and there are no indications
that it is in immediate danger of genetic ero-
SIon, although the fragmentation of the forest
in eastern Madagascar may cause a serious
threat in the near future. The numbers of trees
of several other Poetidio species have fallen
dramatically and these need protection urgent-
Iy.

Prospects The wood is likely to remain of
local Importance because of its durability and
good working properties.

Major references Bolza & Keating, 1972;
Bosser, 1988; Lens at a1. , 2007; Morton at al. ,
1997; Perrier de in Bathie, 1954b; Prance,
2008; Sallenave, 1964; Sallenave, 1971; Ta-
kahashi, 1978.

Other references Boiteau, Bolteau & A1-
10rge-Bolteau, 1999; Gu6neau, 1971a; Gu6neau,
Bedel & Thie1, 1970-1975; Lisan & NIOrge,
undated; Madagascar Catalogue, 2011

Sources of illustration Pertier de in Bathie,
1954b

Authors L. P. A. Oyen

dig mountiono is endemic to Mauritius and
Reunion

Uses The durable wood, called I, o1s puant',
was formerly well appreciated for construction
and furniture, although it has a bad smell.
However, nowadays larger trees are too rare to
be used for such purposes.
In traditional medicine, the seeds are eaten to
expelintestinal worms and as laxatrve or pur-
gative. The leaves are used as emmenagogue.
In Reunion, wood and bark preparations are
administered in mixtures to treat complaints of
the respiratory organs and fever, and external-
Iy to warts. The roots are considered diuretic
and laxative, and are used to expelintestinal

Foetidio mountiono is occasionallyworms

planted as an ornamental tree.
Production and international trade The

wood is no longer traded.
Properties The wood of Poetidiu mounttono

is probably similar to that of Foetidio CIMsi-
oides Baker. The bark is rich in saponosides
and also contains fair amounts of tannin

Botany Evergreen small to medium-sized
tree up to 20 in tall; hole usually straight, up to
60 cm in diameter; bark surface smooth, grey;
twigs thick, glabrous. Leaves arranged spiralIy,
clustered near apex of branches, simple and
entire, sessile, mrolled in bud; stipules absent;
blade slightly obliquely obovate, (5-)7-14(-16)
cm x 3-6 cm, base curieate, apex obtuse to
slightly notched, leathery, glabrous, pinnately
veined with numerous indistinct lateral veins

Flowers solitary in leaf axils, bisexual, regular;
pedice1 2.5-4 cm long; sepals 4, triangular, 1.5-
3 cm x I-1.5 cm, fleshy; petals absent; stamens
numerous, free, 2-3 cm long; disk flat and cir-
CUIar; ovary Inferior, 4-celled, style c. 1.5 cm
long, with 4 short branches. Fruit a top-shaped
woody drupe 2-2.5 cm long, indehiscent, with
at apex persistent disk and recurved sepals,
few-seeded. Seeds flattened ovoid, c. 3.5 mm
long, brown
Foetidio comprises 16 species, of which 13 are
endemic to Madagascar, 2 to the Mascarene
islands, and I to Tanzania.
The wood of Foetidio rodriguesiono Fried-
mann, endemic to Rodrigues, is also called 'hots
puant', is probably similar to that of Poetidio
mountiono and was used for similar purposes
It was also used to make canoes. In traditional
medicine, bark decoctions are taken to treat
gonorrhoea and dysentery. Foetidio rodriguesi-
orig is a smalltree up to 10 in tall, usually with
a tortuous hole up to 70 cm in diameter. It is
now confined to forest remnants, where only

FOETIDIAMAURITtANALam.

Protologue Encyc1. 2 (2): 457 (1788)
Family Lecythidaceae
Synonyms Foetidiu borbonico J. F. Gruel.

(1791).
Origin and geographic distribution Foeti-
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about 50 trees remain in a single group, to-
gether with a few isolated trees; it is protected.

Ecology Foetidio mountiono occurs in semi-
deciduous dry forest and hill forest, up to 500
in altitude.

Management Natural regeneration is re-
ported to be very poor. Foetidio mouritio?IQ is
planted in protected areas in efforts to restore
the original vegetation. It fruits from October
to January, but fruits can be collected from the
ground throughout the year because seeds re-
main viable for a long time. If the fruits are
still green, they should be dried in the shade.
They are broken with a hammer after thorough
drying. There are 400-600 seeds per kg. Seeds
keep their viahinty for more than one year un-
der ambient conditions and for more than 5

years in cold storage. Seeds are scanfied by
placing them in a 5% chlorate solution for I
hour to kill fungi that could affect the seed-
lings, and then rinsed in ample water. They
are sown on a sandy soilmixture poorin organ-
IC matter. Fungicides, and less often insecti-
cides, are applied with the irrigation water.
Germination may start after 2 weeks but can
also take 6(-12) months. The germination rate
is about 30%. Because the radicle is fragile and
grows rapidly, seedlings should be transplant-
ed very early, when the radicle is about I cm
long, into a deep container. Foetidio mountiu-
rig can also be propagated by layering

Genetic resources and breeding Due to
over-exploitation, Foetidio mounttono has be-
come rare and its conservation status is rated

as vulnerable; in Reunion it is fully protected
since 1987

Prospects Focus is now on the conservation
of the few remaining stands of Foetidio mouri-
tiono. If the efforts to restore stands by plant-
ing are successful, some marketable wood may
be produced again in the longer future.

Major references Friedmann & Scott,
1993; Gunb-Fakim & Brendler, 2004; Gunb-
Fakim, Gu6ho & Bissoondoya1, 1996; Gunb-
Fakim at a1. , 1994; Prance, 2008.

Other references CIRAD, 2008; Lavergne,
2001; Ruhomaun, 2003; Sarrailh at a1. , 2007.

Authors L. FA. Oyen

.
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Goertneroponiculoto - wild

nerd puniculoto is distributed from Senegal
and Guinea through West and Central Africa
to Zambia and Angola.

Uses In Nigeria the wood is made into pes-
tles and small canoes. In DR Congo the stems
are used in house construction. The wood is

also used as firewood and for making charcoal
In Gabon young stems are woven into baskets
used for catching fish. The roots and young
shoots are sometimes eaten. In Nigeria the
foliage is browsed by goats. Bees collect the
nectar for honey. In traditional medicine in
Congo, a root decoction is taken for the regula-
tion oftachycardia and a bark decoction for the
treatment of cough and chest pain, while the
leaf pulp is rubbed in for the treatment of
rheumatism and the leaves are eaten against
fever. The plant has ornamental value

Properties The wood is reddish. The roots,
bark and leaves contain saponin.

Botany Evergreen shrub or smalltree up to
9 in tall; hole low-branching, up to 30 cm in
diameter, occasionally more; twigs glabrous or
short hairy. Leaves opposite, simple and entire;
stipules with I-2 cm long tube and 4 lobes c. I
mm long, caducous; petiole 0.5-1.5 cm long;
blade elliptical to elliptical-oblong or oblanceo-
late, 8-18 cm x 3-9 cm, base curieate to obtuse,
apex acuminate, papery or thinly leathery,
glabrous or main veins short-hairy beneath,
pinnately veined with 3-8 pairs of lateral
veins. Inflorescence a terminalcyme or panicle
up to 30 cm long, strongly branched, many-
flowered; peduncle up to 8 cm long, glabrous.
Flowers bisexual, regular, 5-merous, heterosty-
IOUs, usually sweetly fragrant, nearly sessile;
calyx cup-shaped, up to 2 mm long, with trian-
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GAERTNERAPANICULATABenth

Protologue Hook. , Niger F1. : 459 (1849).
Family Rubiaceae
Chromosome number 271= 22

Origin and geographic distribution Goert-
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gular lobes up to I min long; corolla white or
greenish, densely hairy outside, tube funnel-
shaped and 2.5-4 min long, lobes strap-shaped
to linear and 1.5-2.5 mm long; stamens insert-
ed beneath the throat of the corolla tube, with
short filaments; ovary superior, 2-celled, style
slender, 1.5-2 min long or 6-7 min long, stigma
2-10bed. Fruit a globose drupe 6-9 min in di-
ameter, indehiscent, violet, purple or blue
when mature, I(-2)-seeded. Seed broadly ovoid,
4 mm x 3 min, obscurely grooved
In Benin Goertnero pontculoto flowers in Sep-
ternber-December and fruits in January-April.
Goertnero comprises about 70 species and oc-
CUTS in tropical Africa, Asia and Australia
There are 12 species in tropical Africa.

Ecology Goertnero paniculoto occurs from
sea-level up to 1700 in altitude in the under-
storey of evergreen and moist deciduous forest,
also in gallery forest, in primary as well as
secondary forest where it may be abundant,
often in forest edges and near rivers.

Genetic resources and breeding Goert-
nerd punicu!oto is not threatened wlth genetic
erosion, as it has a wide distribution and is
locally common

Prospects Goertrtero paniculoto has a wide
range of local uses, being a source of timber,
fuel, food, fodder, weaving material and medi-
cine. However, information on its properties is
lacking almost entirely, and therefore it is not
possible to indicate whether the species will
become more important for any of these uses in
the future. Its value as a timber tree is re-

stricted by the smallsize of the bole.
Major references Burki11, 1997; Figueiredo,

2005; Latham, 2004; Malcomber & Taylor,
2009; Verdcourt, 1989d.

Other references Ako6gninou, van der
Burg & van der Maesen (Editors), 2006; Au-
br6ville, 1959c; Hawthorne & Jongkind, 2006;
Hepper & Keay, 1963; ITvine, 1961; Neuwing-
er, 2000; Nkeoua & Boundzanga, 1999; Rapon-
da-Walker & Sillans, 1961.

Authors M. Brink

.

Gaitophy!Ium gigunteum - wild

tral African Republic, Equatorial Guinea, Ga-
bon, Congo and DR Congo.

Uses The wood, often traded as 'zembili', is
suitable for heavy construction, Joinery, vehicle
bodies, furniture, handles, ladders, toys, novel-
ties, agricultural implements, pattern making,
carving and turnery. It is suitable for charcoal
production.
The sweet flesh of the fruits is eaten and ap-
parently locally popular in DR Congo. In tradi-
tional medicine, bark decoctions and macera-
tions are taken to treat problems of the respir-
atory and digestive tracts, dysmenorrhoea,
epilepsy, convulsions, sterility and impotence,
and they are administered to treat wounds,
and in a vapour bath to treat rheumatism and
trypanosomiasis. The fruitis administered in a
mixture with other plants to treat asthma

Properties The heartwood is whitish yenow
to pale pinkish brown, and not distinctly de-
marcated from the sapwood. The grain is usu-
ally straight, texture fine and even
The wood is heavy, with a density of 825-895
kg/ing at 12% moisture content, fairly hard and
tough. Air drying should be done with great
care to avoid serious splitting and checking
The rates of shrinkage are high, from green to
oven dry 7.6% radial and 12.5% tangential. At
12% moisture content, the modulus of rupture
is 179 N/mm2, modulus of elasticity 16,700
N/mm2, compression parallel to grain 66
N/mm2, cleavage 17.5 N/mm and Chalais-
Meudon side hardness 6.3

The wood is not difficult to work despite its
hardness. It is fairly durable, but may be sus-
ceptible to termite and marine borer attacks
and is only moderately durable when exposed

L.
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GANOPHYLLUMGiGANTEUM (Achev. ) Hau-
man

..

Protologue F1. Congo 9: 363 (1960).
Family Sapindaceae
Synonyms Pseudospondios gigonteo Achev

(1917).
Origin and geographic distribution Gono-

phy!Ium gigonteum occurs in Garnero0n, Cen-



to the weather or in contact with the ground
The sapwood is notliable to Lyetus attack
The triterpenoids zanhic acid and zanhic acid-
Y-Iactone have been isolated from the root bark
The crude hydromethanolic extract of Gaito-
phyllttm gigonteum leaves showed pronounced
cytotoxicity against human monocytes.

Description Dioecious, medium-sized to
fairly large tree up to 40 in tall; hole branchless
for up to 25 in, straight and cylindrical, some-
times crooked, up to 120 cm in diameter, with
small to medium-sized buttresses or fluted at

base; bark surface reddish brown, scaling off in
large, irregular flakes, inner bark fibrous, or-
ange to reddish, with menthol smell; crown
irregular; twigs glabrous, resinous, with many
small lenticels. Leaves alternate, clustered
near the apex of twigs, panpinnately coin-
pound with 5-9(-12) pairs of leaflets, resinous;
stipules absent; petiole 4-10 cm long, rachis up
to 25 cm long; petiolules c. 2 mm long; leaflets
usually alternate, ovate to lanceolate, 5-15(-
20) cm x 2.5-5 cm, asymmetrical at base, acu-
minate at apex, margin entire, glabrous, dis-
tinctly glossy with very small whitish dots at
upper surface, pinnately veined with 8-12

pairs of lateral veins. Inflorescence an axillary
panicle up to 30 cm long. Flowers unisexual,
regular, usually 5-merous, small, whitish; ped-
icel c. 2.5 mm long, with minute glands; sepals
c. 2.5 min long, fused at base; petals absent;
stamens free, alternating with sepals, c. 5 mm
long; disk lobed, glabrous; ovary superior, 2-
celled, style short; male flowers with rudimen-
tary ovary, female flowers with reduced sta-
mens. Fruit an ellipsoid to ovoid, fleshy drupe
c. 2 cm x 1.5 cm, glabrous, yellow to orange
when ripe, I'Seeded. Seedling with epigeal
germination; hypocoty14-5 cm long, epicoty1 3-
4 cm long; cotyledons oblong, 2-3 cm long,
fleshy; first leaves opposite, with 6-10 leaflets.

Other botanical information Gunophyl-
Ium comprises 2 species. Gaitophyllum foieo-
turn Blume occurs in tropical Asia and AUStral-
Ia. It closely resembles Gonophyllum gigon-
teum, differing only in its slightly smaller flow-
ers with hairy disk. The wood of Gonophyllum
foieotum is similar and exported in small
quantities from Papua New Guinea and the
Solomon Islands

Anatomy Wood-anatomical description OAWA
hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
(7: vessels in diagonal and/or radial pattern);
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-
Iygona1; 25: intervessel pits small(4-7 pin); 26:
intervessel pits medium (7-10 pin); 30: vessel-
ray pits with distinct borders; similar to inter-
vessel pits in size and shape throughout the
ray cell; 41: mean tangential diameter of vessel
Iumina 50-100 pin; 42: mean tangentialdiame-
ter of vessellumina 100-200 pin; 47: 5-20 ves-
sels per square minimetre; 58: gums and other
deposits in heartwood vessels. Tracheids and
fibres: 61: fibres with simple to minutely bor-
dered pits; 65: septate fibres present; (66: non-
septate fibres present); 69: fibres thin- to thick-
walled; 70: fibres very thick-walled. Axial pa-
renchyma: (76: axial parenchyma diffuse); 79:
axial parenchyma vasicentric; 80: axial paren-
chyma anform; (81: axial parenchyma lozenge-
anform); (82: axial parenchyma winged-
allform); 83: axial parenchyma confluent; (91
two cells per parenchyma strand); 92: four (3-
4) cells per parenchyma strand; (93: eight (5-8)
cells per parenchyma strand). Rays: 97: ray
width I-3 cells; 104: all ray cells procumbent;
1/5: 4-12 rays per mm. Mineral inclusions:
136: prismatic crystals present; 142: prismatic
crystals in chambered axial parenchyma cells.
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(S. N'Danikou, P. Baas & H. Beeckman)
Growth and development In Gabon trees

flower in November, and fruits ripen in Janu-
ary-February. Gorillas eat the fruits in large
quantities and serve as seed dispersers
It has been recorded that flower induction

takes place when night temperatures drop be-
low 19'C. In Gabon this is often the case dur-

ing the dry season in July and August. Howev-
er, in some years this does not happen and
then the trees fail to flower and fruit. It has

been suggested that global warming may have
a disastrous effect on Gunophyllum gigonteum
and on the animals that depend on it at least
part of the year, such as gorillas feeding on the
fruits.

Ecology Gunophyllum gigonteum mostly oc-
curs in semi-deciduous forest, sometimes in
evergreen forest, up to 700 in altitude

Propagation and planting The average
1000-seed weightis 940 g

Management Gunophyllum gigonteum ap-
pears to be uncommon in many regions within
its distribution area, and is therefore not sub-
ject to specific management measures for tim-
her production

Diseases and pests The foliage of Guno-
phyl!urn gigonteum is susceptible to insect
damage; in Gabon severe defoliation has been
reported, particularly in the period December-
February.

Genetic resources Gonophyllum giganteum
is fairly widespread in Central Africa and at
present there is no reason to consider it threat-
ened. However, monitoring of the existing pop-
ulations is recommended in view of its usually
scattered occurrence, preference for undis.
turbed forest, probable slow growing rates and
possible vulnerability in the context of climate
change.

Prospects Too little is known about Guno-
phy!Ium gigonteum to judge its possibilities as
a timber tree of more economic Importance
Based on trials in tropical Asia, a rotation cycle
of 100 years has been estimated for sustainably
harvesting sawn timber of Gonophyl!urn foieo-
turn, wlth an estimated annual production of
0.9 ing/ha. When it is assumed that this is coin-

parable to production rates in Gunophyllum
gigonteum, It is not very promising for planting
for timber production on an economicalIy valid
basis.

Major references Bolza & Keating, 1972;
Foullloy & Hall6, 1973a; Lainidi at a1. , 2005;
Raponda-Walker & Sillans, 1961; Sallenave,
1964; Takahashi, 1978; Vivien & Eaure, 1985;

Vivien & Faure, 1996; White & Abernethy,
1997; Wilks & Issemb6, 2000

Other references Adjanohoun at al. (Edi-
tors), 1988; Bolza & Keating, 1972; Bouquet,
1969; Dasuki, 1998; Dimbi at a1. , 1984; Neu-
winger, 2000; Ngavoura, 1990; Voysey at al. ,
1999a; Voysey at a1. , 1999b.

Sources of illustration Raponda-Walker &
Sillans, 1961; White & Ahemethy, 1997; Wilks
& Issemb6, 2000

Authors S. Adanu & C. H. BOSch

GILBERTIODENDRONDEWEVREl(De Wild. )
J. Leonard

Protologue Bull. Jard. Bot. Etat 22: 190
(1952)

Family Caesalpiniaceae (Leguminosae - Cae-
salpinioideae)

Chromosome number it = 12

Synonyms Macrolobtum deweurei De Wild.
(1904)

Vernacular names Limbali(Fr)
Origin and geographic distribution Gi!ber-

tiodendron deweureiis distributed from Nigeria
to DR Congo and northernAngola

Uses The wood, traded as 'limbali' is very
suitable for flooring, joinery, stairs, window
frames, doors and decks of bridges. It can also
be used for heavy construction including hy-
draulic works, Interior trim, mine props, ship
building, vehicle bodies, garden furniture,
railway sleepers, toys, novelties, agricultural
Implements, draining boards and turnery. As
the wood does not have special aesthetic quali-
ties, it is not very suitable for cabinet work and
fine joinery. The wood is considered unsuitable

.

Gilbertiodendron deweurei- wild
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as firewood, but it is much sought after for the
production of charcoal
In DR Congo the inner bark is used for tying
and for making bands for carrying baskets,
whereas bark cylinders are sometimes used for
making honey containers. The leaves are used
for thatching and house walls. In north-eastern
DR Congo houses were traditionally built from
material of Gilbertiodendron deweurei and clay
only: poles for the house skeleton, small
branches for the walls between rooms, string
from the bark of young trees for tying, and
leaves for covering the roof
Although it has been recorded that it takes a
long time to remove toxic compounds from the
seeds, the roasted or boiled seeds are eaten in
times of shortage in Central Africa, or they are
boiled and ground into flour, which is made
into porridge. The fermented seeds are ground,
wrapped in leaves of Megophrynium inocro-
stochyum (Benth. ) Milne-Redh. , and roasted.
The seeds are also eaten by the Baka pygmy
people of Cameroon, after they have been
boiled and the seed coat has been removed

In traditional medicine in Congo, the powdered
bark is taken for the treatment of dysentery
and is sprinkled on wounds, the leaves are
used against sterility and asthma, and to pro-
inote childbirth, whereas leaf ash is rubbed
into scarifications on painful knees. In DR
Congo sap from the stern is applied on whit-
lows, bark decoctions are drunk for the treat.
merit of gastritis and blennorrhoea, sap ex-
pressed from the bark together with that of
Tephrosio uogelii Hook. f. is used against otitis,
and pounded scrapings of the dried bark are
applied on burns

Production and international trade 'Lim-

ball' wood was regularly exported from DR
Congo into Belgium before the Second World
War, but only occasionally afterwards. Today,
its commercial exploitation is not important
anymore, and fluctuating from year to year.
Exports of 'limbali' logs from Cameroon were
50 ina in 2000, 1770 in3 in 2006, 2380 ms in
2007 and 260 ms in 2008. Cameroon exported
140 in3 of sawn wood in 2004 and 80 in3 in

2006. Congo exported 345 in30ffinished 'limba-
Ii' products and 15 ina of logs in 2004, and 30
in3 of logs and 17 ina of sawn wood in 2006.

Properties The heartwood is pale brown to
dark reddish brown, darkening upon exposure;
it is distinctly demarcated from the 5-10 cm
wide, greyish or yellowish sapwood. The grain
is straight or wavy, occasionally interlocked,
texture medium to coarse. Gum ducts are

sometimes present. Quarter-sawn surfaces are
slightly inottled, with alternating pale and
darker brown streaks.

The wood is medium-weight to heavy, with a
density of 730-910 kg/ms at 12% moisture con-
tent. It air dries slowly, with a tendency to
split. Kiln drying should be done carefully to
prevent distortion and checking. It takes about
12 days to kiln dry boards of 2.5 cm thick to
12% moisture content. The rates of shrinkage
are moderate to high, from green to oven dry
3.2-6.4% radial and 7.4-11.1% tangential
Once dry, the wood is moderately stable to un-
stable in service

At 12% moisture content, the modulus of rup-
ture is 102-189 N/min2, modulus of elasticity
13,300-19,300 N/min2 compression parallel to
grain 54-76 N/min2, shear 8.5-12 N/mina,
cleavage 16.5-20.5 N/mm, Janka side hardness
6670 N, Janka end hardness 6490 N and
Chalais-Mendon side hardness 4.4-6.0.

Fresh wood saws relatively easily but slowly.
The wood may have a significant blunting ef-
fect on saw blades, making the use of stellite-
tipped saw teeth necessary. It works fairly
well, but tends to blunt cutting edges. It
moulds and planes easily. It holds nails and
screws well, but pre-boring is recommended to
prevent splitting. The wood paints, varnishes
and glues well. It is not suitable for peeling.
The wood is durable, being moderately re-
SIStant to resistant to fungal attack, moderate-
Iy resistant to termites and resistant to marine
borers. The sapwood is susceptible to Lyetus
borers. The heartwood is resistant to impreg-
nation with preservatives, the sapwood more
permeable
The wood contains 38-42.5% cellulose, 34.5-
36.5% Iignin, 14.5-15.5% pentosan, 0.8-1.6%
ash and 0.03-0.04% silica. The solubility is
0.6-7.1% in alcohol-benzene, 1.3-2.3% in hot
water and 13.6-17.2% in a I% NaOH solution.

Per 100 g edible portion seeds from DR Congo
contained: water 9.4 g, energy 1478 kJ (353
kcal), protein 4.8 g, fat 0.6 g, carbohydrate 82.3
g, fibre 1.5 g and ash 1.5 g

Adulterations and substitutes Other Gil-

bertiodendron spp. , such as Gi!bertiodendron
brochystegioides (Harms) J. Leonard, Gilbertio-
delldron ogoouense (Fellegr. ) J. Leonard and
Gilbertiodendron preussii(Harms) J. Leonard,
are sometimes confused with Gilbertiodendron

deweurei and sold as 'limbali'.

Description Evergreen, large tree up to 45
in tall; bole branchless for up to 22 in, straight,
cylindrical, up to 200(-300) cm in diameter,
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without buttresses; bark surface grey-brown to
yellowish brown, rough, exfoliating in large,
irregular scales, with brown lenticels, Inner
bark thick, fibrous, hard, red-brown; crown
dense. Leaves alternate, pendulous, panpin-
nately compound with (2-)3(-5) pairs of leaf-
lets; stipules ovate-lanceolate, fused, 2-8 cm x
1.5-4 cm, with 2 kidney-shaped appendages up
to 2.5 cm long, more or less persistent; petiole
thick, 0.5-I cm long, rachis 2-25 cm long, nar-
rowly grooved above, short-hairy; petiolules
thick, I-16 min long; leaflets opposite, oblong
to oblanceolate or elliptical, slightly oblique, 9-
50 cm x 3-20 cm, basal leaflets usually smaller
than terminal ones, base rounded to cordate,
asymmetrical, apex obtuse to acuminate,
leathery, usually glabrous, often with 2-4
small glands near the margin, lower surface
densely papillose, pinnately veined with 14-25
pairs of lateral veins. Inflorescence a terminal
or axillary, lax panicle 8-25 cm long, reddish
hairy. Flowers bisexual, zygomorphic, 5-
merous, fragrant; pedice1 2-4 cm long; bracte-
o1es 2, ovate to elliptical, I-2 cm long; sepals
ovate-lanceolate to narrowly triangular, 5-8
mm long, purplish red, fused at base; petals

unequal, I ovate, 1.5-3 cm x 2.5-3 cm, deeply
2-lobed, wine-red, other petals linear-
lanceolate, 6-8 mm x I-1.5 mm; fertile sta-
mens 3, 1.5-2.5 cm long, rudimentary stamens
6, 0.5-2 mm long; ovary superior, I-celled,
style 2-3 cm long. Fruit an obliquely oblong to
oblong-obovoid, flattened pod 15-30 cm x 6-10
cm, with distinct longitudinal ridge and nu-
merous transversal veins, brownish, densely
covered with short brown hairs, dehiscent with
2 woody valves, 4-6-seeded. Seeds orbicular to
oblong or slightly triangular, flattened, 4-5 cm
in diameter, shiny brown. Seedling with epige-
al germination; hypocoty1 7-20 cm long, epicot-
y1 14-24 cm long; first 2 leaves opposite, with 2
large and 2 minute leaflets

Other botanical information Gilbertio-

dendron comprises about 25 species and is re-
stricted to tropical Africa, distributed from
Guinea to DR Congo and ingola. It was for-
merly included in Mocrolobium, which now
consists of tropical American species only, and
is closely related to PenegriniodeiLdron, which
is even considered congeneric
The wood of various other Central African Gil-

bertiodendron species is sometimes traded as
'limbali'. Gilbertiodendron brochystegioides
(Harms) J. Leonard is a fairly large tree up to
35(-40) in tall with a straight hole branchless
for up to 20 in and up to 80 cm in diameter,
distributed in Cameroon, Equatorial Guinea
and Gabon. The wood, occasionally traded as
'}jinbali' although it releases a fetid smell on
felling, is medium-weight with a density of
about 710 kg/ina at 12% moisture content.
Gi!bertiodendroii grandi/10rum (De Wild. )
J. Leonard is a smalltree up to 15(-25) in tall,
distributed in Nigeria, Cameroon, Gabon and
DR Congo. In DR Congo the wood is valued for
high-class cabinet work. It is also suitable for
poles, piles, flooring, joinery, mine props, ship
building, vehicle bodies, railway sleepers, agri-
cultural implements and handles. Gilbertio-
dendron grrrndt/10rum has been planted for
shade. The wood has a density of 640-820
kg/ms at 12% moisture content.
Gilbertiodendron grandistjpulotum (De Wild. )
J. Leonard is a medium-sized tree up to 30 in
tall with a hole up to 80 cm in diameter, dis-
tributed in Gabon and DR Congo. The wood is
quite similar to that of Gi!bertiodendron
deweurei and has a density of about 840 kg/ina
at 12% moisture content.

Gilbertiodendron ingyombense (Fellegr. ) J. Leo-
nard is a small to medium-sized tree up to 20
in tall with a hole up to 65 cm in diameter,
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distributed from Nigeria to DR Congo and Ca-
binda (Angola). The wood is considered suitable
for construction, flooring, joinery, mine props,
ship building, vehicle bodies, furniture, railway
sleepers and agricultural implements. It has a
density of about 770 kg/in3 at 12% moisture
content.

Gi!bertiodendron ogoouense (Fellegr. ) J. Leo-
nard is a medium-sized to fairly large tree up
to 35 in tall with a cylindrical hole branchless
for up to 19 in and up to 200 cm in diameter,
distributed in Cameroon, Equatorial Guinea,
Gabon, DR Congo and Cabinda (Angola). The
wood is suitable for Joinery and railway sleep-
ers

Anatomy Wood-anatonxical description (IAWA
hardwood codes):
Growth rings: I: growth ring boundaries dis-
tinct. Vessels: 5: wood diffuse-porous; 13: SIm-
PIe perforation plates; 22: Intervessel pits al-
ternate; 23: shape of alternate pits polygonal;
24: intervessel pits minute (S 4 prn); 25: inter-
vessel pits small(4-7 pin); (26: intervessel pits
medium (7-10 prn)); 29: vestured pits; 30: ves-
sel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 43: mean tangential diameter of
vessellumina z 200 F1m; 46: S 5 vessels per
square minimetre; (47: 5-20 vessels per square
minimetre); 58: gums and other deposits in
heartwood vessels. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
66: non-septate fibres present; 69: fibres thin-
to thick-walled. Axial parenchyma: 79: axial
parenchyma vasicentric; 80: axial parenchyma
anform; 81: axial parenchyma lozenge-allform;
83: axial parenchyma connuent; (89: axial pa-
renchyma in marginal or in seemingly margin-
albands); 91: two cells per parenchyma strand;
92: four (3-4) cells per parenchyma strand
Rays: (96: rays exclusively uniseriate); 97: ray
width I-3 cells; 106: body ray cells procumbent
with one row of upright and/or square marginal
cells; 1/5: 4-12 rays per mm; (116: z 12 rays
per min). Mineral inclusions: 136: prismatic
crystals present; 142: prismatic crystals in
chambered axial parenchyma cells
(E. Uetimane, P. E. Gasson & E. A. Wheeler)

Growth and development Germination is
rapid, usually within 5-7 days after seed dis-
persal. Regeneration is abundant under shade,
and seedlings tolerate dense shade for a long
time. The roots are colonized by ectomycorrhi-
zae and vesicular-arbuscular endomycorrhizae.
The proportion of the roots that is colonized by
ectomycorrhizae Increases with age in saplings.

The rapid colonization of the roots by ectomy-
corrhizae gives the seedlings an advantage
over species that are not or more slowly colo-
nized. In dense, undisturbed stands, the roots
are not nodulating with Rhizobium, but some
root nodules can be found in disturbed forest

The average annual increase in stem diameter
is 5.3 mm. Observations on 10 trees originating
from Gabon and Congo show annual increases
in stem diameter of 2.6-11.4 mm

Young leaves are red and formed throughout
the year. In Nigeria and Cameroon flowering is
in January-April, and fruiting takes place in
(Jul^)August-September(-October). Flower-
ing does not always occur annually, and a large
number of flowers is shed without forming
fruits. Still, fruiting is usually abundant, with
mast seed production every 2-4 years' Seed
dispersal is ballistic, with the seeds being
ejected after explosive dehiscence of the fruit.

Ecology Gilbertiodendron deweurei occurs
below 1000 in altitude, in areas with an aver-
age annual rainfallof1600-1900 mm and a dry
season of about 2 months. It grows gregarious-
Iy in humid depressions, alluvial valleys and
along rivers, but also frequently in upland IOCa-
tions (plateaus, hill tops). On deep, well-
draining sandy soils, it forms a deep tap root
On stony soils tap root formation is difficult,
and the formation of lateral roots becomes

prominent.
GIIbertiodendron deweurei can form extensive,
almost pure stands, sometimes covering more
than 10,000 ha. In these monodominant for-
ests, Oilbertiodendro, ! deweurei forms 75-88%
of the basal area. The largest stands can be
found in the northern and north-eastern part of
the Congo basin, in DR Congo, where these
forests are considered to be the climax vegeta-
tion. In DR Congo these stands typicaUy con-
SISt of 3 layers: a continuous upper tree layer
about 35 in high, almost uniformly consisting
of Gilbertiodendron deweuret, with in some
places the crown of another large, hellophilous
tree species (e. g. Arithonotho frogruns (Baker
f. ) Exell & Hillc. , Digitum corbisieri Staner,
Iruingio wombolu Vermoesen, Priorio oryphy!-
IQ (Harms) Breteler and Stoudtio homerunen-
sis Warb. ); a not very dense middle layer main-
Iy consisting of young Gilbertiodendron dewe-
orei mixed with several rare semi-henophytes
(e. g. Diogoo zenkeri(Engl. ) Exell & Mendonga,
Goreinto punctot0 011v. and Synsepolum sub-
cordotum De Wild. ) and shrubs (e. g. A1chorneo
northundo Milll. Arg. and ISOlono thonneri(De
Wild. & T. Durand) Engl. & Diels); and a dis-
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continuous herbaceous layer of Morontoceoe
and Coinmelinoceoe.

In certain regions the monodominant Gilberti-
odendron deweureiforest seems to gain terrain
to the heterogeneous forests. Elsewhere, for
instance in Cameroon, It seems to regress, be-
ing gradually invaded by species from the sur-
rounding semi-deciduous forest, either under
the influence of a decreasing groundwater table
or as a result of human activities. The mono-

dominant Gilbertiodendron deweurei forests

are very sensitive to forest clearing for shifting
cultivation, because this permits the penetra-
tion of secondary and deciduous species into
the forest. If forest clearing is too substantial
and frequent, the monodominant forests may
be transformed into semi-deciduous forest or

degraded savanna after only 4-6 years of culti-
vation. Near the northern and southern limits

of its distribution area, Gi!bertiodendron dewe-
Drei does not form stands as extensive as in the

northern Congo basin, but it persists along
Where Gi!bertiodendron decoeurei isrivers

found in heterogeneous forest, it is never as
isolated trees, but always in groups.

Propagation and planting Gilbertioden-
dron decoeurei regenerates abundantly under
natural conditions. For planting, seeds should
be sown immediately after collection. The
1000-seed weight is 18-26 kg. Seedlings can be
planted out after 9-12 months in the nursery

Management In natural forest, suppression
of the herbaceous layer makes the establish-
merit of Gilbertiodendron deweurei seedlings
even more abundant. Although the species is
typically shade-loving, moderate light is hene-
ficial for the growth of seedlings, but fulllight
has adverse effect. Excessive opening of the
canopy of dense Gilbertiodendron deweurei
stands will favour the establishment of light-
loving species with rapid growth, often accom-
panled by abundant growth of lianas, which is
not desirable for the establishment of exploita-
ble Gilbertiodendron deweureistands.

Diseases and pests Fallen seeds of Gilber-
tiodendron decoeurei are often severely at-
tacked by insects and are eaten by various
mammals, such as antelopes, wild pigs, ele-
phants, rodents and primates. Fungi only at-
tack seeds already damaged by insects. Forest
buffaloes and bongos eat the seedlings, and
elephants sometimes dig up saplings over large
areas to eat the root mat consisting of roots,
fungal mycelia and decaying leaves. Primates
eat the young leaves of adult trees. The young
leaves of seedlings and young trees (less than 2

in tall) are most liable to damage. Adult trees
do not seem to have Important enemies, but
they are sometimes attacked by the fungus
Fomes jignosus.

Harvesting The minimum hole diameter for
felling in Cameroon (2001) and DR Congo is 60
cm, in Gabon 70 cm and in the Central African
Republic 90 cm. To make headbands for carry-
ing baskets, the Mbutl pygmy people in DR
Congo strip bark strips 2 in long and 5-10 cm
wide from young trees with a bole diameter of
15-20 cm, and remove the outer bark. The
harvest of bark strips from young plants can
lead to heart rot of trees.

Yield In DR Congo a tree 25 in tall with a
hole branchless for 10 in and a diameter of 90

cm had a wood volume of 5.5 in3. In the Uele

region in DR Congo, dense stands dominated
by Gilbertiodendro, I deweurei had on average
4/9 trees with a hole diameter over 10 cm per
ha, with a total volume of 370 ingftia, of which
245 Gilbertiodendron deweurei treesA1a with a
volume of 283 in8tha.

Handling after harvest Gilberttodendron
deweureilogs must be sawn soon after felling
because they tend to split. Because the density
offresh wood is high, logs cannot be transport-
ed by floating.

Genetic resources Gilbertiodendron dewe-

Dreiis not much exploited for its wood, and it is
present in protected areas, sometimes in jin-
portant populations. Currently there are no
important threats for Gilbertiodendron dewe-
orei, but this may rapidly change if its wood
becomes more valuable, because clear-cutting
of extensive monospecific stands could, in the
long run, bring about a drastic decline of popu-
Iations and important genetic erosion of the
species

Breeding No planting or breeding program-
mes of Gilbertiodendron deweuret are known to
exist

Prospects The promotion of Gi!bertioden-
dron deweurei wood by a number of forest ex-
PIOiters having it in their concessions, among
their customers as well as on Internet, could
eventually raise the question of the durability
of the resource. The stands rich in Gilbertio-
dendron deweurei are very sensitive to invasion
by other species when the canopy is opened too
much. Clear-cutting these stands would be
deleterious for their survival, and control of the
size of the gaps created by felling should be
promoted to prevent invasion of light-loving
species, and to stimulate regeneration and op-
timal growth of Gilbertiodendron deweurei



Ringing of the trees before felling can help to
decrease the impact of falling trees. In certain
more densely populated rural areas, forest
clearing for agriculture can present an jin-
portant danger because it brings about degra-
dation of the monodominant Gilbertiodendron

deweuret forests, with penetration of pioneer
species. Short rotations and intensive weeding
of crops, as is practised in Garnero0n, can lead
to invasion of herbs and even to savanna for-

mation. Therefore it would be good to monitor
the evolution of Oilbertiodendron deweurei

stands to preventthese dangers from becoming
realities. More research is still needed to estab-

lish appropriate SIIviculturalmethods
Major references ATIBT, 1986; Aubr6ville,

1970; Bolza & Keating, 1972; CTFT, 1960;
Fouarge, G6rard & Sacr6, 1953; G6rard, 1960;
G6rard at a1. , 1998; Hart, 1995; Hart, Hart &
Murphy, 1989; Vivien & Faure, 1985.

Other references Ankei, 1990; Blake &
Fay, 1997; Burki11, 1995; Dudek, F6rster &
missenbauer, 1981; Fouarge, Quoilin & Roo-
sen, 1970; Keay, 1989; Konda ku Mbuta at al. ,
2010; Likunde, 1987; Louis & Fouarge, 1949;
Neuwinger, 2000; Nkeoua & Boundzanga,
1999; Nyakabwa & Loinbe, 1990; Sallenave,
1955; Sallenave, 1964; Tailfer, 1989; Takahas-
hi, 1978; Terashima & Ichikawa, 2003; Thira-
ku1, 1989; Vivien & Faure, 1988; Wilczek at al. ,
1952

Sources of illustration Aubr6ville, 1968;
Vivien & Faure, 1985

Authors C. Doumenge

.

GILBERTIODENDRON 361

GiLBERTioDmNDRONLiMBA (Scott-Enjot)
J. Leonard

Gi!bertiodendron limbo - wild

twigs are used for the treatment of pelvic In-
flammation in women

Properties The heartwood is dark brown,
and distinctly demarcated from the yellowish
sapwood. The sapwood usually has a lustrous
surface. The texture is medium. The wood is

heavy and hard, easy to work and durable
Description Evergreen, small to medium-

sized tree up to 25 in tall; hole often crooked,
usually low-branching, up to 70 cm in diame-
ter, without buttresses; bark surface fairly
smooth, with some scales peeling off and Ieav-
ing yellowish marks, inner bark thin, red-
brown, sometimes with a purple tinge; crown
with drooping branches. Leaves alternate, par-
IPInnately compound with (I-)2(-4) pairs of
leaflets; stipules lanceolate, c. I cm long, with
rounded or kidney-shaped appendages c. 2 cm
x I cm, persistent; petiole short, rachis 1.5-10
cm long, reddish brown, densely hairy; petio-
Iules short, stout, reddish brown; leaflets OPPo-
site, oblong to obovate or elliptical, 6-30 cm x
3.5-10 cm, base unequal, apex obtuse, Ieath-
ery, glabrous, pinnately veined with 15-25
pairs of lateral veins. Inflorescence an axillary
or terminal panicle, branched, reddish brown
hairy. Flowers bisexual, zygomorphic, 5-
merous, sweetly fragrant; pedice1 I-2.5 cm
long, hairy; bracteoles 2, c. 1.5 cm long; sepals
linear-triangular, c. 8 mm long; petals unequal,
I up to 2 cm x 2.5 cm, deeply 2-10bed, white
inside, white or pinkish outside, other petals
linear-triangular, c. 8 mm long; fertile stamens
3, other stamens rudimentary; ovary superior,
brown hairy, I-celled, style slender, reddish
Fruit a flattened obovoid pod, 15-20(-28) cm x
4-7.5 cm, with a prominent longitudinal ridge

Protologue Bull. Jard. Bot. Etat 24: 59
(1954).

Family Caesalpiniaceae (Leguminosae - Cae-
salpinioideae)

Chromosome number2n=24

Synonyms Mocrolobium limbo Scott-Enjot
(1894)

Origin and geographic distribution Gilber-
tiodendron limbo is distributed from Guinea

and Sierra Leone east to Ghana.

Uses The wood is used for planks, flooring,
and canoes. It is recommended forJoinery

heavy construction, vehicle bodies, stairs and
railway sleepers.
In traditional medicine in Sierra Leone, leaves
have been used against fever, and leaf ash
mixed with water is applied on ulcers. Leafy
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and numerous transversal veins, dehiscent
with 2 woody valves, several-seeded. Seeds
slightly quadrangular, flattened, up to 4.5 cm x
3.5 cm, brown. Seedling with epigeal germina-
tion; hypocoty1 46 cm long, epicoty1 12-15 cm
long, 4-ridged; cotyledons fleshy, c. 3 cm long;
first leaves opposite, with I pair of leaflets.

Other botanical information Gilbertio-

dendron comprises about 25 species and is re-
stricted to tropical Africa, distributed from
Guinea to DR Congo and hagola. It was for-
merly included in Mocrolobium, which now
consists of tropical American species only, and
is closely related to Penegriniodendron, which
is even considered congeneric.
The wood of several other West African Gilber-

tiodendron species is used for similar purposes
as that of Gilbertiodendron limbo.

Gilbertiodendron binneotum (Hutch. & Dalziel)
J. Leonard is similar to Gi!bertiodendron limbo

in appearance and area of distribution. It is a
medium-sized tree up to 33 in tallwith hole up
to 95 cm in diameter, distributed from Sierra
Leone to Ghana. The wood is used for flooring
in Sierra Leone. Gilbertiodendron binneotttm is
classified as vulnerable in the IUCN Red list of

threatened due to habitat declinespecies,

caused by mining, logging and commercial for-
estry activities

Gilbertiodendron iuorense (Achev. ) J. Leonard
is a small to medium-sized tree up to 20 in tall
with a fairly long hole, distributed in Liberia
and C6te d'Ivoire. In Liberia the wood is used

for planks and construction. The wood has a
density of about 750 kg/in3 at 12% moisture
content.

Gilbertiodendronpreussii(Harms) J. Leonard is
a medium-sized to fairly large tree up to 35 in
tallwith a straight hole branchless for up to 24
in and up to 120 cm in diameter, distributed
from Sierra Leone to Ghana and from Came-

roon to Gabon. In Liberia, where it is known as
'red oak', the wood is used for construction. It
has also been used for canoes and railway
sleepers and is considered suitable for flooring,
joinery, furniture and tool handles. The wood
has a density of 720-900 kg/in3 at 15% inois-
ture content.

Gilbertiodendron splendidum (Achev. ex Hutch
& Dalziel) J. Leonard is a medium-sized tree up
to 33 in tall with a hole up to 90 cm in diame-
ter. It is distributed in Sierra Leone, Liberia,
C6te d'Ivoire and Ghana. In Ghana the wood is

recommended for construction, vehicle bodies,
railway sleepers and draining boards. In Libe-
ria it is used for construction. It is suitable for

poles, piles, flooring, joinery, ship building,
furniture, agricultural Implements and han-
dles. The wood is moderately heavy with a den-
sity of about 720 kg/in3 at 12% moisture con-
tent. Gilbertiodendron splendidum is classified
as vulnerable in the IUCN Red list of threat-

ened species, due to habitat decline caused by
mining, logging and commercial forestry activi-
ties.

Anatomy Wood-anatointcal description (IAWA
hardwood codes):
Growth rings: I: growth ring boundaries dis-
tinct. Vessels: 5: wood diffuse-porous; 13: SIm-
pie perforation plates; 22: intervessel pits al-
ternate; 23: shape of alternate pits polygonal;
24: intervessel pits minute (s 4 prn); 25: inter-
vessel pits small (4-7 prn); 29: vestured pits;
30: vessel-ray pits with distinct borders; SImi-
Iar to intervessel pits in size and shape
throughout the ray cell; 43: mean tangential
diameter of vessellumina z 200 I'm; 46: S 5
vessels per square minimetre; 58: gums and
other deposits in heartwood vessels. Tracheids
and fibres: 61: fibres with simple to minutely
bordered pits; 66: non-septate fibres present;
69: fibres thin- to thick-walled. Axial paren-
chyma: 79: axial parenchyma vasicentric; 80:
axial parenchyma allform; 81: axial parenchy-
ina lozenge-alitorm; (89: axial parenchyma in
marginal or in seemingly marginal bands); 91:
two cells per parenchyma strand; 92: four (3-4)
cells per parenchyma strand. Rays: 96: rays
exclusively uniseriate; 104: all ray cells pro-
cumbent; 106: body ray cells procumbent with
one row of upright and/or square marginal
cells; 1/5: 4-12 rays per min. Mineral inclu-

136: prismatic crystals present; 142
prismatic crystals in chambered axial paren-
chyma cells; 143: prismatic crystals in fibres.
(E. Uetimane, P. E. Gasson & E. A. Wheeler)

Growth and development Gilbertioden-
dron limbo seedlings are tolerant of shade and
grow slowly. Flowering of trees is in February-
July and fruiting takes place in February-
September. Ectomycorrhizae are present on
the roots

Ecology Gt!bertiodendron limbo occurs wide-
spread and gregariously in evergreen forest,
Including swamp forest, riverme forest and
secondary forest. It is usually found in areas
with an average annual rainfall of 1500-2500

SIOnS

min.

Propagation and planting Natural regen-
eration is abundant under mother trees. The

1000-seed weight is c. 10 kg. Seeds usually
germinate in 8-15 days, with germination



rates over 80%

Genetic resources and breeding Although
Gi!bertiodendron limbo has a limited distribu-

tion area, it is locally common with no indica-
tions of overexploitation. It is therefore unlike-
Iy to be threatened by genetic erosion.

Prospects The wood of Gilbertiodendron Itin-
60 will remain useful as a domestic timber.

Very little is known about the wood technologi-
cal properties of this species, and further re-
search is warranted

Major references Ba at a1. , 2012; Burkill,
1995; de Koning, 1983; de in Mensbruge, 1966;
Hawthorne, 1995; Keay, Hoyle & Duvigneaud,
1958; 0teng-Amoako (Editor), 2006; Poorter at
a1. , 2004; Savill & Fox, 1967; Taylor, 1960

Other references Abbiw, 1990; Allen &
Allen, 1981; Aubr6ville, 1959b; Bolza & Keating,
1972; Bouquet & Debray, 1974; Hawthorne,
1990; Hawthorne, 1998; ITvine, 1961; Kryn &
Fobes, 1959; Kunke1, 1965; Neuwinger, 2000;
Sallenave, 1955; Takahashi, 1978.

Authors A. A. Oteng-Amoako & E. A. Obeng

way sleepers, handles, ladders, sporting goods,
toys, novelties, agricultural Implements, carv-
ing, turnery, veneer and plywood. The bark is
used in traditional medicine in DR Congo to
treat syphilis.

Properties The heartwood is reddish brown
to chocolate brown, roottled and with a satiny
shine; it is distinctly demarcated from the yel-
lowish white, up to 8 cm wide sapwood. The
grain Is usually straight, occasionally slightly
interlocked, texture fine. Quarter-sawn surfac-
us show some streaks

The wood is heavy, with a density of 950-1060
kg/ina at 12% moisture content, and very hard.
It air dries slowly, and shows a tendency of
surface checking and sometimes also end split-
ting. The rates of shrinkage upon drying are
high. Quarter-sawing is recommended before
drying. Once dry, the wood is moderately sta-
ble in service. At 12% moisture content, the
modulus of rupture is 204-270 N/min2, coin-
pression parallel to grain 69-82 N/min2, cleav-
age 24 N/min and Chalais-Meudon side hard-
ness 7.3. The wood saws rather easily but slow-
Iy due to its hardness; it has a serious blunting
effect on saw teeth and working tools. It can be
planed to a nice surface, and polishes well. Pre-
boring is recommended for nailing. The bend-
ing properties are good. The wood is fairly du-
rable, but is susceptible to the fungus Coni-
ophoro cerebel!o and to marine borer attacks
It is resistant to impregnation by preserva-
tjves

Botany Medium-sized to large tree up to 45
in tall; hole usually straight and cylindrical, up
to 110 cm in diameter, with large buttresses up
to 6.5 in high; bark surface rough, dark grey,
inner bark reddish or pinkish brown; twigs
short-hairy. Leaves alternate, Imparipinnately
compound with 14-28 leaflets; stipules linear,
early caducous; petio}e and rachis together 5-
15 cm long, grooved; leaflets usually alternate,
sessile, oblong to nearly rectangular, asymmet-
rica1, I-4(-5) cm x 0.5-1.5(-2) cm, with some
translucent dots. Inflorescence an axillary or
terminal panicle 3-13 cm long, densely hairy,
many-flowered. Flowers bisexual, nearly regu-
Iar, whitish; pedice1 3-5 mm long; sepals 4,
free, ovate to oblong, I-3 mm long, I slightly
larger than the other 3, reflexed; petals 5, free,
linear-oblong, 3-4 min long; stamens 10, free,
unequal in length, 4-6 min long; ovary superI-
or, elliptical-oblong, c. 1.5 min long, with short
stipe, glabrous, I-celled, style slender, 2.5-3.5
min long. Fruit an obliquely obovate to ellipti-
cal, flattened pod, 3.5-6 cm x 2-3 cm, pointed

GILLETIODENDRONMILDBRAEDll(Harms)
Vermoesen
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Protologue Man. ess. forest. Congo: 85 (1923)
Family Caesalpiniaceae (Leguminosae - Cae-

salpinioideae)
Origin and geographic distribution Gilleti-

odendroit mildbroedii occurs from southern

Cameroon to the Central African Republic and
DR Congo

Uses The wood is suitable for heavy con-
struction, heavy flooring, joinery, Interior trim,
ship building, vehicle bodies, mine props, rail-

I
.

Gilletiodendron mildbroedii - wild
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at apex, smooth to finely warty, dehiscing with
2 woody valves, few-seeded. Seeds flattened
Seedling with epigeal germination; hypocotyl
5-7 cm long, epicoty12-3 cm long; first 2 leaves
opposite, with c. 8 leaflets.
Gilletiodendron comprises about 5 species and
occurs in West and Central Africa. It is classi-

fled in the tribe Detorieoe, in which its position
is still unresolved.

Gilletiodendron glandulosum (Porteres) J. Leo-
natd is a smallto medium-sized tree up to 20
in tallendemic to Mali, where it occurs in small
pockets of savanna woodland. Its very hard
and durable wood is used in house building,
especially for support posts and cross beams,
and for granaries and beds. Gilletiodendron
glandulosum has been recommended for rear-
forestation. The seeds are reportedIy edible
Gilletiodendron glondulosum is included in the
IUCN Red List as vulnerable.

Gilletiodendron hisGrituense ryermoesen ex De
Wild. ) J. Leonard is a small to medium-sized
tree up to 30 in tall known from C6te d'TVoire,
Gabon, Congo, DR Congo and northern Angola
The wood is probably used in house building.
Gillettode, Idronpierreunum (Harms) J. Leonard
is a medium-sized to large tree up to 45 in tall,
with hole branchless for up to 20 in, usually
fluted and with buttresses, occurring in south-
ern Cameroon, Equatorial Guinea and Gabon
Its wood is used for joinery, furniture and jin-
PIements.

Ecology Gilletiodendron mildbroedii occurs
in lowland rainforest, often near rivers.

Management A 30 in talltree with a hole of
18 in long and 50 cm in diameter yielded 2.2 in3
of timber

Genetic resources and breeding Gilletio-
dendron mildbroediiis fairly widespread and
there are no signs that it is threatened by ge-
netic erosion

Prospects The hard wood, large buttresses
and fluted hole are major drawbacks for larger-
scale commercial exploitation of Gilletioden-
dron spp. As suppliers of durable wood for local
house construction, they will remain of local
Importance

Major references Aubr6ville, 1970; Bolza &
Keating, 1972; Fouarge, G6rard & Sacr6, 1953;
Wilczek at a1. , 1952

Other references Burki11, 1995; de in
Mensbruge, 1966; Duva11, 2002; Lewis at al. ,
2005; Normand & Paquis, 1976; Raponda-
Walker & Sillans, 1961; Tailfer, 1989; Vivien &
Faure, 1985.

Authors R. H. M. J. Lemmens

GIVOTTAMADAGASCARIENSIS Baill.

Protologue Bull. Mens. SOC. Linn. Paris L
811 (1889).

Family Euphorbiaceae
Origin and geographic distribution Giuotio

mudogoscoriensis is endemic to western Mad-
agascar, where it occurs from hatsiranana
province in the north to the Onnaby river,
Tollara province in the south.

Uses The soft and lightweight wood, called
'farafatsy' in Madagascar, is mainly used by
Sakalava people to make dugout canoes. It is
also used to make doors, caskets and the hull
or splash boards of traditional fishing boats. It
is suitable for thermal and acoustic insulation,
inner parts of block board and model building.
It is used for similar purposes as the wood of
Hildegordio erythrosiphon (Baill. ) Kosterm. ,
which also occurs in western Madagascar. The
bark, which is soft and easily cut, is used to
make patterns used in wood carving.
A decoction of the aerial parts is taken in tradi-
tionalmedicine to treatthe effects of malaria

Production and international trade The

wood is traded extensively in Madagascar. In
2000 the price of a dug-out canoe made from a
Giuotio inoddgoscoriensis hole was Us$ 40-
110 at the local market.

Properties The heartwood is whitish and
indistinctly demarcated from the up to 6 cm
wide sapwood. The grain is straight, texture
coarse. The wood is lightweight, with a density
of 170-260 kg/ina at 12% moisture content. It
air dries very rapidly without distortion. The
rates of shrinkage are small, from green to
oven dry 1.5-2.1% radial and 3.0-4.2% tangen-
tial. Once dry, the wood is very stable in ser-

.
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At 12% moisture content, the modulus of rup-
ture is 29-44 N/min2, modulus of elasticity
2450-5100 N/mm2, compression parallel to
grain 8-15 N/min2 and Chalais-Meudon side
hardness 0.2. The wood is easy to saw and
work, but does not take a nice finish. It is not
durable and dug-outcanoes have to be replaced
after only 3-5 years. The wood is very easy to
treat with preservatives
In an in-vitro test, the antiplasmodial activities
of leaf extracts were negligible. The compounds
cleistanthol, spruceanol and 1.2-dihydroheude-
lotinolisolated from the bark demonstrated

significant antitumour activities against gas-
tric cancer, liver carcinoma and breast cancer
celllines

Botany Deciduous medium-sized tree up to
30 in tall; bole branchless for up to 16 in, gen-
erally straight, up to 120 cm in diameter; bark
surface smooth, yellowish white, inner bark
granular, yellow to orange, with a little reddish
exudate; crown rather narrow; twigs short-
hairy with stellate hairs. Leaves alternate,
simple; stipules absent; petiole up to 17.5 cm
long, sometimes with glands; blade 5.5-17 cm
x 8-25 cm, shallowly to deeply 3-5-10bed, with
acuminate and irregularly toothed lobes, red-
dish or whitish short-hairy below with stellate
hairs, glandular and with translucent dots,
palmately (3-)5-7-veined from the base. Inflo-
rescence a terminal or axillary panicle. Flowers
unisexual, regular, 5-merous, whitish; calyx
lobes slightly unequal; petals c. 5 mm long,
slightly coherent; stamens up to 15, fused at
base; disk 5-lobed; ovary superior, I-3-celled,
style 2-10bed; male flowers without ovary, fe-
male flowers lacking stamens. Fruit a fleshy,
globose to broadly ovoid drupe 1.5-2.5 cm in
diameter, indehiscent, I-seeded. Seed globose,
with oily endosperm.
Gtuotio comprises 4 species, I of which occurs
in Kenya and Somalia, I in India and Sri
Lanka, and 2 in Madagascar. It is close to
Ricinodendron and Schinziophyton.

Ecology Giuotiu mudogoscoriensis occurs in
dry bushland, deciduous forest and thickets,
from sea-levelup to 600(-800) in altitude.

Management Locally Giuotio madogoscori-
errsis has been recorded to occur in high densi-
ties; in some localities in the Menab6 region on
average 37 stems per ha, although the stands
are rapidly declining there.

Genetic resources and breeding Giuotio
ingdogoscoriensis appears to be locally coin-
mon, especially in the northern parts of its

distribution area, but it becomes more rare
towards the south. There are indications that it

Is threatened by genetic erosion in several re-
gions. It has been reported that fishermen from
Tollara have to travel hundreds of kilometres

to obtain suitable large logs for canoes
Prospects The wood of Giuotiu ingdogosco-

riensis is likely to remain locally important,
especially for the construction of traditional
canoes and boats. Monitoring the populations
is highly recommended in view of the locally
high demand of the wood

Major references Boiteau & NIOrge-Boiteau,
1993; Capuron, 1966b; Gu6neau, Bedel & Thiel,
1970-1975; Parant, Chichignoud & Rakotovao,
1985; Rakotovao at al. , en preparation

Other references Andriamiarinosy, 2004;
BeinIasa, 2009; Covi, 1986; Radcliffe-Smith,
1968; Rasoanaivo at a1. , 1999; Rasolof0, 1997;
Schatz, 2001; Seddon at a1. , 2000

Authors L. FA. Oyen & D. Louppe
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GREENWAYODENDRONSUAVEOLENS(Engl. &
Diels) Verdc.

Protologue Adansonia, set. 2, 9: 90 (1969)
Family minonaceae
Synonyms Polyolthio suoueolens Engl. &

Diels (1901)
Vernacular names Monnda (En). Moambe

noir (Fr). Muamba preta (Po).
Origin and geographic distribution Green-

cooyodendro, I suoueolens is widespread from
southern Nigeria east to western Uganda and
northern Tanzania, and south to southern DR
Congo and Cabinda (Angola).

Uses The wood is used for house construc-

.
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tion, joinery, mine props, furniture, stakes for
yam cultivation, rafters and shafts of spears. It
is suitable for flooring, interior trim, railway
sleepers, toys, novelties, agricultural imple-
merits, vats, draining boards, food containers,
turnery, veneer and plywood. The wood burns
brightly and is used for illumination
Various plant parts are used in traditional
medicine. Bark decoctions are taken to treat

stomach-ache and other pains, gonorrhoea and
infertility, as diuretic, purgative and aphrodis-
iac, and to facilitate childbirth. Bark ash is
rubbed into scarifications on the forehead to

treat psychosis, and bark pulp is applied exter-
nany against rheumatism, headache, epilepsy
and toothache. In Cameroon bark is applied to
scarifications to treat malaria, and also in Ga-
bon the bark is used for the treatment of ina-

Iana. Root decoctions are taken to treat liver

complaints and headache, and root sap is ad-
ministered as arithelmintic and aphrodisiac,
and to treat oedema and swollen glands. Leaf
decoctions or macerations serve to treat hepati-
tis and pains, and are applied externalIy to
treat rheumatism. In DR Congo pounded bark
Is used in a mixture with other plants to make
arrow poison. The fruitis edible

Properties The heartwood is yellow to
brown when dry and usually not distinctly de-
marcated from the sapwood, which is yellowish
white when freshly cut, but darkening upon
exposure. The grain is usually straight, texture
variable. Quarter-sawn surfaces show streaky
markings. The wood is lustrous.
The wood is medium-weight, with a density of
750-790 kg/in3 at 12% moisture content. It air
dries well, but with a slight risk of checking
and end splitting. At 12% moisture content, the
modulus of rupture is 151-170 N/mm2, inodu-
Ius of elasticity 17,450-19,800 N/mm2 coin-
pression parallel to grain 63-71 N/min2, cleav-
age 14-17.5 N/min and Chalais-Meudon side
hardness 4.4-4.7

The wood is easy to saw and work, both with
machine and hand tools. It can be planed to a
smooth and lustrous surface. The nailing prop-
erties are satisfactory, with good holding POW-
er. The wood glues well, and the steam bending
properties are good. The wood is only moder-
ately durable, being liable to termite, Lyetus
and marine borer attacks. It is easy to impreg-
nate with preservatives
Several alkaloids have been isolated from the

bark, including some indolosesquiterpenes and
aporphines. Oliverine showed filaricidal activi-
ty against Onehocerco Dojoulus, and polycarpol

against Onchocerco gutturoso. Methanolic bark
and leaf extracts showed in-vitro cytotoxic ac-
twity in human monocytes, as well as an-
tileishmanialand antifungal activities.
The major compounds in the leaf oil are or
burnulene (34%) and ^-caryophyllene (33%),
and in the fruit oninyrcene (34%)

Description Deciduous, medium-sized to
fairly large tree up to 35(-45) in tall; hole
branchless for up to 25 in, straight, cylindrical,
up to 70(-90) cm in diameter, sometimes
grooved at base; bark surface smooth, grey to
blackish, often with hoop-marks, inner bark
fibrous, yellow to orange or pale brown, becoin-
ing brownish or blackish upon exposure, with
strong resinous smell; crown dense, conical,
with horizontal branches; young twigs yenow-
ish hairy, soon becoming glabrous. Leaves al-
ternate, simple and entire; stlpules absent;
petiole 2-7 min long; blade elliptical to oblong-
elliptical, 4-12(-28) cm x 1.5-5.5(-10) cm,
rounded to curieate at base, acuminate at apex,
papery to slightly leathery, nearly glabrous,
pinnately veined with 5-13 pairs of lateral
veins. Inflorescence an up to 8(-12)-flowered
fascicle, often opposite the leaves, short-hairy.
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Flowers bisexual or male, regular; pedice1 3-9
mm long; sepals 3, fused at base, broadly ovate
to nearly round, 2-3.5 mm long, short-hairy
outside; petals in 2 whorls of 3, free, linear-
oblong, I-3 cm long, finely hairy, yellow to
greenish white; stamens numerous in male
flowers and up to 12 in bisexual flowers, linear,
I-4 mm long; carpels 12-20, linear-oblong, c
2.5 mm long. Fruit consisting of up to LOG13)
indehiscent, ellipsoid to globose follicles I-2 cm
long, stipe 5-8 min long, purplish red to bluish
purple when ripe, I-2(-3)-seeded. Seeds de-
pressed globose, c. I cm in diameter, warty-
wrinkled, with a groove, endosperm ruininate

Other botanical information Greenwoyo-
dendron comprises 2 species and is restricted
to tropical Africa. It has been separated from
Polyolthio, which is a genus of about 120 spe-
cies, most of them occurring in tropical Asia
and Australia, about 15 in Madagascar and 3
in East Africa. Although wood anatomical
characteristics are quite similar, molecular
studies showed that Greenwoyode, "dron is
probably not closely related to Polyolthio, sup-
portlrig a status as separate genus.
Subsp. usQinboricum Verdc. has been distin-
guished as a distinct subspecies endemic to the
Usambara Mountains in Tanzania. Subsp.
suoueolens var. gobonico (Fellegr. ex Le Thorn-
as) Verdc. is endemic to Gabon and has been
distinguished because of its larger leaves,
which are slightly short-hairy below, and Iarg-
or flowers. Chloroplast DNA studies showed
distinct genetic divergence, indicating that the
two sympatric varieties are most probably re-
productiveIy isolated and might represent true
biological species.
Greenwoyodendron o1iueri(Engl. ) Verdc. (syn-
onyin: Polyo!thi0 o1iueri Engl. ) is a small tree
up to 15 in tall occurring in rainforest from
Sierra Leone to Ghana. The holes are used in
house building. The yellowish brown wood is
rather heavy, hard and strong. Bark decoctions
and infusions are taken to treat blackwater
fever and stomach complaints, and the bark is
also used as vermifuge.

anatomy Wood-anatomical description OAWA
hardwood codes):
Growth rings: I: growth ring boundaries dis-
tinct. Vessels: 5: wood diffuse-porous; 13: sim-
PIe perforation plates; 22: intervessel pits al-
ternate; (23: shape of alternate pits polygonal);
24: intervessel pits minute (S 4 pin); (25: inter-
vessel pits small(4-7 prn)); 30: vessel-ray pits
with distinct borders; similar to intervesselpits
in size and shape throughout the ray cell; 42:

mean tangential diameter of vessellumina
100-200 ILm; 46: S 5 vessels per square milli-
metre; 47: 5-20 vessels per square minimetre.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled; 70:
fibres very thick-walled. Axial parenchyma: 78
axial parenchyma scanty paratrachea1; 86
axial parenchyma in narrow bands or lines up
to three cells wide; 88: axial parenchyma sca-
Ianform; 92: four (3-4) cells per parenchyma
strand; 93: eight (5-8) ceUs per parenchyma
strand. Rays: 98: larger rays commonly 4- to
10-senate; 99: larger rays commonly > 10-
senate; 102: ray height > I mm; (103: rays of
two distinct sizes); 104: all ray cells procum-
bent; (106: body ray cells procumbent with one
row of upright and/or square marginal cells);
1/4: S 4 rays per min; 1/5: 4-12 rays per mm
Secretory elements and cambial variants: (124
oil and/or mucilage cells associated with ray
parenchyma).
(C. BSsien, P. E. Gasson & E. A. Wheeler)

Growth and development Greenwoyoden-
dron suoueolens is classified as shade tolerant
In Gabon the fruits ripen in November-March
The fruit pulp is eaten by monkeys and chim-
panzees, which may disperse the seeds. Ele-
phants and hornbills have also been recorded
as seed dispersers.

Ecology Greenwoyode, Idron suoueolens occurs
in humid evergreen and semi-deciduous forest,
often as an understorey tree. In Uganda it oc-
curs up to 1100 in altitude. It is considered a
typical component of mature forest

Management In Cameroon the average
number of holes of over 15 cm in diameter has
been recorded as 2.6 per ha, with an average
wood volume of 1.8 matha.

Harvesting In Gamero0n and Gabon the
minimum hole diameter for harvesting is 60
cm, in the Central African Republic and DR
Congo 70cm

Yield A hole of 70 cm in diameter and 10 in

long yielded 3.8 ina of wood.
Genetic resources Greenwoyodendron suo-

ueolens is widespread and is locally a common
understorey tree. Therefore, It does not seem to
be threatened at present, but with the ongoing
decline in primary rainforest, it might become
under pressure in the near future

Prospects Little information is available on
this species, but in view of its often limited bole
size and probable slow growth rates as under-
storey tree, it does not seem to have good pro-
spects as commercially valuable timber tree

GREENWAYODENDRON 367
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Interesting pharmacological activities have
been demonstrated and these deserve more
research attention

Major references Bolza & Keating, 1972;
Burki11, 1985; Dauby at a1. , 2010; to Thomas,
1969; Tailfer, 1989; Takahashi, 1978; Vivien &
Eaure, 1985; Wilks & TSSemb6, 2000; Williams
at a1. , 2010.

Other references Betti, 2001; Boutique, 1951;
Cooper & Record, 1931; CTavo at a1. , 1991;
Hawthorne & Jongkind, 2006; Keay, 1989;
Lainidi at a1. , 2005; Mols at a1. , 2004; Neu-
winger, 2000; Nkeoua & Boundzanga, 1999;
Normand & Paquis, 1976; Nyasse at a1. , 2006;
Raponda-Walker & Sillans, 1961; Terashima &
Ichikawa, 2003; Verdcourt, 1971; White & Ab-
ernethy, 1997

Sources of illustration to Thomas, 1969;
Wilks & TSSemb6, 2000

Authors R. B. Jiofack Tafokou

bodies, boat building, small decorations, chess
boards, sporting goods, toys, household imple-
merits, pool tables, pool cues, brushes, knives
and flutes

The exudate from the hole mixed with palm oil
is used as an ointment to cure scabies, and as
illuminant.

Production and international trade The

timber is mainly traded from Gabon under the
trade name 'mutenye'. The production is 11m-
ited and quantities traded are actually small.
In the 1960s, 2000-6000 ina of logs were ex-
ported from Congo per year. In 1983 Gabon
exported a maximum of 10,000 ina

Properties The heartwood is yellowish
brown to pale olive brown or brown, often with
greyish streaks, darkening on exposure. It is
distinctly demarcated from the up to 8 cm
wide, dull grey sapwood with a yellowish tinge
when freshly cut. The grain is straight or
slightly interlocked, texture moderately fine
and fairly even. The wood surface is lustrous. A
stripe figure is present on radial surfaces, and
a flame pattern on tangentialsurfaces
The wood is medium-weight to fairly heavy,
with a density of 740-860 kg/in' at 12% ino1s-
ture content. Usually it air dries well but slow-
Iy; some care is needed because warping and
checking may occur. The shrinkage rates are
moderately high, from green to oven dry 4.6-
6.0% radial and 8.7-10.3% tangential. Once
dry, the wood is moderately stable in service
At 12% moisture content, the modulus of rup-
ture is 138-202 N/min' modulus of elasticity
14,000-21,400 N/min', compression parallel to
grain 72-84 N/min', shear 8-13 N/min' cleav-
age 25-35 N/mm and Chalais-Meudon side
hardness 4.5-8.3

The wood works satisfactorily with hand and
machine tools, but the presence of silica may
cause dulllrig of saw teeth and cutting edges.
Stellite-tipped saw teeth and tungsten carbide
cutting tools are advisable. The wood takes a
good finish. The nailing and screwing proper-
ties are good, but pre-boring is needed. The
wood glues satisfactorily, but the presence of
gum may cause some difficulties. The bending
properties are moderate. The wood is easy to
peel and slice after steaming of the logs. It is
moderately durable. It is fairly resistant to
fungal attack and wood-boring insects, and
moderately resistant to termites, but the sap-
wood is liable to Lyctus attack. The wood is
quite resistant to marine borers. The heart-
wood is resistant to treatment with preserva-
tives, the sapwood moderately resistant. When

GUIBOURTIAARNOLDIANA (De Wild. &
T. Durand) J. Leonard

Protologue Bull. Jard. Bot. Etat 19: 403
(1949)

Family Caesalpiniaceae (Leguminosae - Cae-
salpinioideae)

Vernacular names Olive walnut, tropical
oliver (En). 011vier tropical(Fr).

Origin and geographic distribution Gut-
60urtio gritoldiono occurs in Gabon, Congo,
western DR Congo and Cabinda (Angola)

Uses The wood is particularly suitable for
indoor uses such as flooring, carpentry, furni-
ture, panelling and stairs, but also for turning,
carving and sliced veneer. It is used for vehicle
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the wood is used as firewood, the smoke can
provoke itching of the skin

Adulterations and substitutes The wood

properties of Guibourtio amoldiono are close
to those of iroko (Miltcio spp. ) and teak (Teeto-
rig grondis Lb and the wood can be used for
similar purposes. In Europe sriced veneer is
sometimes used as a substitute of walnut (Jug-
Ions regto L. ). In DR Congo the trade name
'mutenye' is often used for GOPoifero religiosu
J. Leonard.

Description Medium-sized tree up to 30 in
tall; hole branchless for up to 20 in, straight
and cylindrical or irregular, up to 100 cm in
diameter, with buttresses up to I in high; bark
surface orange-red, irregularly flaking leaving
paler patches; crown with spreading branches
Leaves arranged spiralIy, paripinnately coin-
pound with I pair of leaflets; stipules small
and early caducous; petiole 4-8 min long; leaf-
lets sessile, obliquely ovate, 4-8 cm x I-4 cm,
slightly acuminate at apex, glabrous, with rin-
merous translucent dots, pinnately veined with
7-9 pairs of lateral veins, 2-3 of which from
base of leaflet. Inflorescence a terminal or axil-

Iary panicle up to 10 cm long, brown short-
hairy; bracts c. I mm long, early caducous.
Flowers bisexual, regular, whitish, nearly ses-
SIIe; sepals 4, ovate-elliptical, 3-3.5 mm x 1.5-
2.5 min, short-hairy inside; petals absent; sta-
mens 10, free, 6-10 mm long; disk cup-shaped,
hairy; ovary superior, rounded, c. 2 min in di-
ameter, hairy, I-celled, style 3-6 mm long.
Fruit an obliquely elliptical to obovate, flat pod
4-5 cm x 2.5-3 cm, with 2-6 mm long stipe,
rounded at apex, with a c. 5 mm wide wing at
one side, smooth, brown, reticulately veined,
with papery walls, indehiscent, I(-2)-seeded
Seed rounded to ovoid, flattened, c. 2 cm long,
brownish, without anI

Other botanical information Gutbourtio

comprises about 14 species, all African, but a
single species occurs in tropical America. The
genusis related to Hymenoeo and Peltogyne

Anatomy Wood-anatointcal description CAWA
hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-
Iygona1; 25: intervessel pits small(4-7 I'm); 26
intervessel pits medium (7-10 F1m); 29: ves-
tured pits; 30: vessel-ray pits with distinct bor-
ders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tan-
gential diameter of vessellumina 100-200 prn;
47: 5-20 vessels per square minimetre; 58
gums and other deposits in heartwood vessels.
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 79: axial parenchyma vasicentric;
80: axial parenchyma allform; 81: anal paren-
chyma lozenge-allform; 83: axial parenchyma
confluent; 89: axial parenchyma in marginal or
in seemingly marginal bands; 91: two cells per
parenchyma strand; 92: four (3-4) cells per
parenchyma strand; (93: eight (5-8) cells per
parenchyma strand). Rays: 98: larger rays
commonly 4- to 10-senate; 104: all ray cells
procumbent; 1/5: 4-12 rays per min. Mineral
inclusions: 136: prismatic crystals present; 142:
prismatic crystals in chambered axial paren-
chyma cells.
(E. Uetimane, P. E. Gasson & E. A. Wheeler)

Ecology Gutbourtio grrro!didrid is found in
rainforest on well-drained localities up to 200
in altitude.

Handling after harvest Freshly harvested
logs should not be left too long in the forest to
prevent fungal and insect attacks, or they

GUIBOURTiA 369

2

;;
I

4

~
,

,.

\

.*

3

a

\

4

Gutbourtio urno!didrig - I, flowering and fruit-
ing 670nch, 2, flower, 3, fruit, ' 4, seed.
Redrawn und adopted by Achingd Sotiri Nur-
hornon



370 TIMBERS2

should be treated with preservatives.
Genetic resources Gutbourtio grrroldiono

is fairly widespread and not heavily exploited.
Harvesting of straight holes and leaving ir-
regular ones may result in a negative selection
pressure

Prospects Although Gutbo!, rtio ornoldiono
produces good-quality timber, other species
seem to qualify better for promotion for re-
search on domestication and plantation man-
agement. There is no information on growth
rates and proper management methods of Gut-
60urtio gritoldiono

Major references ATIBT, 1986; Aubr6ville,
1968; Bolza & Keating, 1972; CTRAD Forestry
Department, 2008; Fouarge, Quoilin & Roosen,
1970; Raponda-Walker & Sillans, 1961; Sal-
Ienave, 1955; Sallenave, 1971; Takahashi,
1978; Wilczek at a1. , 1952.

Other references Anonymous, 1963; Fou-
g6re-Danezan, Maumont & Bruneau, 2007;
Fougere-Danezan at a1. , 2010; Fuhr at al. ,
1998; L60nard, 1949; L60nard, 1950a; Normand,
1950b; Normand & Paquis, 1976.

Sources of illustration Aubr6ville, 1968;
Wilczek at a1. , 1952.

Authors N. Nyunai

.

GUIBOURTIACOLEOSPERMA (Benth. )
J. Leonard

Protologue Bull. Jard. Bot. Etat 19: 403
(1949).

Family Caesalpiniaceae (Leguminosae - Cae-
salpinioideae)

Chromosome number2n=48

Vernacular names African rosewood, has-
tard teak, Rhodesian teak, bastard mopane,
large false mopane, large mock mopane, copal-
wood, Rhodesian mahogany (En). GOPalier,
copalier de Rhodesie (Fr).

Origin and geographic distribution Gut-
60urtio coleospermo occurs naturally in south-
ern DR Congo, Zambia, Angola, Namibia, Bot-
swana and Zimbabwe.

Uses The wood of Gutbourtio coleospermo is
used for construction, flooring, joinery, interior
trim, furniture, mine props, ship building, ve-
hicle bodies, railway sleepers, toys, novelties,
tool handles, turnery and decorative veneer. It
is traditionany used for canoes. It is an appre-
ciated firewood

The seed and its anI contain oil, which is used
for cooking. The red dye from the anI has been
used for staining furniture. The seeds are eat-

Gutbourtio coleospermo - wild

en, especially during times of food shortage,
often after roasting and pounding. The anIs
are also eaten or used to make a nourishing
drink. They are cooked with cassava leaves as
a relish. The bark is used for tanning and dye-
ing. Gutbot, rtio coleospermo Is an appreciated
ornamental tree, with striking flowers and
fruits, which show up against the dark glossy
foliage, and providing deep shade. In tradition-
al medicine, the roots are applied to wounds to
promote healing and a root decoction is used as
cure for venereal diseases. Young leaves are
taken to treat cough and leaf decoctions are
administered after childbirth to promote recov-
ery and to treat stomach complaints. A decoc-
tion of roots and bark is administered as a va-
pour bath to treat headache, whereas roots and
leaves are ingredients in mixtures for the
treatment offever and mental problems.

Production and international trade The
wood of Gutbourtio coleospermo is traded on
the international timber market in small

amounts. It is reported that about 500 ina per
year is available from sustainably managed
forest and woodland.

Properties The heartwood is pinkish brown
or pale red-brown with pinkish or reddish
stripes, darkening to a rich mahogany-like red-
brown colour with the stripes becoming more
faint. It is clearly demarcated from the yellow-
ish white to pale pink, up to 9 cm wide sap-
wood. The grain is straight or interlocked, tex-
ture moderately fine and even. The wood has
an attractive figure. It has a fragrant smell
when freshly cut
The wood is heavy, with a density of (670-)
800-960 kg/ina at 12% moisture content. It air
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dries slowly; drying should be done with care to
avoid excessive warping and splitting. The
sawn timber can be kiln dried at a moderate

speed and temperature. The rates of shrinkage
are moderate, from green to oven dry 2.0-3.7%
radial and 3.2-5.7% tangential.
At 12% moisture content, the modulus of rup-
ture is 85-142 N/min2, modulus of elasticity
9210 N/min2, compression parallel to grain 51-
58 N/mm2, compression perpendicular to grain
14 N/mm2, shear It16 N/mm2, cleavage 20
N/min, Janka side hardness 8820-9065 N and
Janka end hardness 9800-11,150 N.
The wood saws and works well despite its high
density and hardness. It finishes well although
the presence of interlocked grain may some-
times cause picking up of grain in planing. It
polishes well. Pre-boring is needed for nailing
and screwing. The gluing and varnishing prop-
erties are satisfactory, but staining may be
difficult. Veneer of good quality can be pro-
duced by slicing and rotary peeling. The wood
is moderately durable to durable, being moder-
ately resistant to fungal attack and resistant to
termite attack. The sapwood is susceptible to
Lyetus borers. The heartwood is resistant to
preservatlve treatment.
The seeds have an oil content of about 6.5%

and a protein content of 14.5%. The heartwood
contains proguibourtinidins (with and without
stilbenoid constituent units), profisetinidins
and derived compounds. F1avonoid glycosides
have been isolated from the bark.

Adulterations and substitutes Much of
Gutbourtio coleospermo timber is mixed with
that of Bothioeo pittrjjugo Harms, traded as
'inukusi' or 'Zambezi teak'. The two species
grow in the same vegetation type and the wood
is similar in appearance and characteristics.

Description Semi-evergreen medium-sized
tree up to 30 in tall; hole branchless for up to
15 in, up to 65(-125) cm in diameter, slightly
buttressed or fluted at base; bark surface
smooth or sometimes flaking, grey to pinkish
cream, inner bark reddish; crown rounded,
large; young branches reddish brown, glabrous.
Leaves arranged spiralIy, panpinnately coin-
pound with I pair of leaflets; stipules I-2 cm
long, early caducous; petiole 1.5-4 cm long;
leaflets nearly sessile, obliquely ovate or ellip-
tica1, 3.5-12 cm x 2-6 cm, base curieate, apex
usually acuminate, glabrous, with numerous
translucent dots, pinnately veined with 7-11
pairs of lateral veins, I-3 of which from base of
leaflet. Inflorescence an axillary or terminal
panicle up to 12 cm long, nearly glabrous;
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Gutbourtio coleospermo - I, flowering twig, 2,
flower, . 3, fruiting twig
Redrawn ond odopted by Ishoh Syomsudin

bracts up to 2 min long, very early caducous.
Flowers bisexual, zygomorphic, whitish to
creamy, fragrant; pedice1 2-5 min long; sepals
4(-5), unequal, 5-6 mm x 1.5-4 min, hairy
inside; petals absent; stamens 10, free, up to 7
min long; ovary superior, rounded, c. I min in
diameter, glabrous, I-celled, with short stipe,
style 4-5 mm long. Fruit an obliquely elliptical,
flattened pod 2-3.5 cm x 1.5-2 cm, glabrous,
wrinkled and brown, tardily dehiscent, I-
seeded. Seed ellipsoid, somewhat flattened, I-2
cm long, dark brown, shiny, completely en-
closed by red anI, hanging out of dehisced fruit
on a thread-like funicle. Seedling with epigeal
germination; cotyledons nearly rounded, leafy

Other botanical information Gutbo!, rtio

comprises about 14 species, all African, but a
single species occurs in tropical America. The
genusis related to Hymenoeo and Peltogyne

Anatomy Wood-anatointcal description (IAWA
hardwood codes)
Growth rings: I: growth ring boundaries dis-
tinct. Vessels: 5: wood diffuse-porous; 13: SIm-
PIe perforation plates; 22: intervessel pits al-
ternate; 23: shape of alternate pits polygonal;
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372 TIMBERS2

26: intervessel pits medium (7-10 prn); 29
vestured pits; 30: vessel-ray pits with distinct
borders; similar to Intervessel pits in size and
shape throughout the ray cell; 42: mean tan-
gential diameter of vessellumina 100-200 pin;
47: 5-20 vessels per square minimetre; 58:
gums and other deposits in heartwood vessels
Tracheids and fibres: 61: fibres with simple to
minutely bordered pits; 66: non-septate fibres
present; 69: fibres thin- to thick-walled. Axial
parenchyma: 78: axial parenchyma scanty par-
atrachea1; 79: axial parenchyma vasicentric;
(80: axial parenchyma allform); (81: axial pa-
renchyma lozenge-anform); (83: axial paren-
chyma confluent); 86: axial parenchyma in
narrow bands or lines up to three cells wide;
89: axial parenchyma in marginal or in seem-
ingly marginal bands; 91: two cells per paren-
chyma strand; 92: four (3-4) cells per paren-
chyma strand; 93: eight (5-8) cells per paren-
chyma strand. Rays: 98: larger rays commonly
4- to 10-senate; 104: all ray cells procumbent;
1/5: 4-12 rays per min.
(FD. Kamala, P. E. Gasson & E. A. Wheeler)

Growth and development Gutbourtio co-
Ieospermo is slow growing, with a mean annual
increase in bole diameter of about 3 min. In an
experimental plantation in Zimbabwe of 16
years old, mean annual height increment was
only 14-21 cm and survival only 5%. Coppice
shoots reach about I in long in one year. The
tree is usually leaness for short periods only
and often nearly evergreen. Flowering is from
December to March. The seeds can be harvest-
ed from onay-)June to October. The bright red
anIs attract birds such as glossy starlings and
parrots as well as monkeys, which feed on
them and thereby disperse the seeds. Lateral
roots were found at a depth of 10-60 cm in
Zimbabwe, butthe taproot can reach a depth of
10 in or more. Endomycorrhizae are associated
with the roots

Ecology Gutbourtio coleospermo occurs in
woodland and dry forest, often along rivers, at
750-1400 in altitude. It is found in areas with

a mean annual temperature of 20-28'C and an
annual rainfall of (450-)650-1100 mm. It is
often one of the dominant species in the upper
storey together with Bothioeoplurjjugo Harms
and Pterocorpus origolensis DC. , which are also
important timber species. It is almost exclu-
sively found on Kalahari sand soils, which are
deep and infertile with a low water-holding
capacity. Gutbourtio coleospermo Is sensitive to
fire and somewhat insensitive to frost, alt-
hough frost may cause severe damage to seed-

lings and saplings
Propagation and planting Gutbourtio co-

Ieospermo can be propagated by seeds, cuttings
or root suckers. Seed production is reported to
vary considerably from year to year, and is
mainly influenced by the amount and distribu-
tion of rainfall. The 1000-seed weight is about
275 g. Germination usually starts within 10
days after sowing. In Botswana germination
tests using fresh, untreated seeds gave a 95%
germination rate. Shelter and adequate ino1s-
ture are essential for a high survival rate of
seedlings. In experimental plantations, spac-
ings of 2 in x 2 in to 5 in x 5 in have been prac-
tised.

Management In southern DR Congo Gut-
60urtiu coleospermo is locally common, with 5-
6 trees per ha. Controlled early burning in May
of the undergrowth and litter layer has been
tested and was found useful to avoid the more

detrimental burning in September. Trees may
produce root suckers and coppice shoots when
cut. Gutbourtio coleospermo is occasionally
planted. In plantations regular weeding is re-
quired for at least the first 3 years'

Diseases and pests In the nursery, the
seedlings are susceptible to spider mites, espe-
clany under glass. The foliage is browsed by
elephants and antelopes, but serious damage
has not been reported

Harvesting Boles with a minimum diameter
of 35 cm have been harvested from natural
woodland in a cutting cycle of 40 years, In
Zimbabwe, the recommended minimum hole
diameter for Gutbourtio coleospermo as well as
Bothioeo pittr;jugo is 50 cm. Selective logging
did not aggravate erosion problems because the
Kalahari soils allow high infiltration and have
a gradient of only I% or less. However, it may
lead to increased fire hazards. Regeneration
after logging was satisfactory. However, else-
where it was observed that regeneration of
Gutbourtio co!eospermo after harvesting was
not adequate, whereas that of Bothioeo pittri-
jugo was more than adequate; this would re-
SUIt in a shift towards more dominance of the
latter species in the vegetation

Handling after harvest Logs should not be
left in the forest for longer periods or should be
treated with insecticides because the sapwood
is liable to insect attacks. The oilis extracted

by pounding and boiling the seeds. People in
Botswana and Zambia remove anIs with warm
water.

Genetic resources Gutbourtio co!eospermo
Is widely distributed with no apparent threats,



but in Namibia and Botswana it is legally pro-
tected

Prospects Although Gutbourtio coleospermo
is a useful multipurpose tree that provides
timber and non-timber products such as edible
seeds and traditional medicine, no attempts
have been made to domesticate it or exploit its
genetic variation. Efforts to explore its poten-
tial for plantations are urgently needed, alt-
hough the low growth rates seem to limit its
prospects as a plantation timber tree of eco-
nomic importance, as well as a timber tree that
can be harvested from natural forest on a sus-

tainable basis. Little information is available

on management practices and therefore re-
search in this area is needed

Major references Brummitt at a1. , 2007a;
Burke, 2006; CAB International, 2005; Calvert,
1986b; Coates Palgrave, 2002; Fanshawe, 1962;
H6gberg, 1986; Storrs, 1979; van Wyk &
Gencke, 2000; Wilczek at a1. , 1952.

Other references anonymous, 1964b; mori-
yinous, 1979; Bekker, Bekker & Brandt, 2006;
Calvert, 1986a; Fanshawe, 1972; Fox & Nor-
wood Young, 1988; Holdo & Timberlake, 2008;
Leger, 1997; Leonard, 1949; Leonard, 1950a;
Neuwinger, 2000; Palmer & Pitman, 1972-
1974; Ross, 1982; SEPASAL, 1999; Storrs,
1982; Tietema, Merkesdal & Schroten, 1992;
van Vuuren, Banks & Stohr, 1978; van Wyk &
van Wyk, 1997; Watt & Breyer-Brandwijk,
1962; White, 1962

Sources of illustration Ross, 1982
Authors W. Mojeremane & I. Kopong

I
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GUIBOURTLAcoNJUGATA (Bone) J. Leonard

Gutbourtio conjugoto - colld

Protologue Bull. Jard. Bot. Etat 19: 402
(1949)

Family Caesalpiniaceae (Leguminosae - Cae-
salpinioideae)

Vernacular names Small false mopane,
small bastard mopane, small mock mopane,
small copalwood, tsotso tree (En). Chacate,
chacate-preto (Po).

Origin and geographic distribution Gut-
60urtio conjugoto occurs in Zambia, Zimbabwe,
Mozambique and northern SouthAfrica.

Uses The wood is mainly used for fence
posts, but is also suitable for flooring, furni-
ture, carving and turnery. In Mozambique it is
classified as a precious timber. The semi-fossil
resin is traded under the name 'inhambane

copal' or 'Mozambique copal' and is used as a
base to produce varnishes

Properties The heartwood is dark brown
with paler streaks and distinctly demarcated
from the pale yellowish sapwood. The grain is
interlocked, texture fine. The wood has fairly
lustrous surfaces. It is heavy with a density of
950-1100 kg/in3 at 12% moisture content, and
hard. In spite of its density, it air dries rather
easily and is not difficult to work. It sands to a
smooth finish, and glues and varnishes well
Pre-boring is needed for nailing and screwing.
The wood is durable and very resistant to fun-
galand insect attacks

Botany Deciduous shrub or small to medi-
urn-sized tree up to 18 in tall; hole branchless
for up to 12 in, up to 75 cm in diameter; bark
surface fairly smooth to flaky, pale greyish to
yellowish brown; twigs slender, sparsely hairy
Leaves arranged spiralIy, panpinnately coin-
pound with I pair of leaflets; stipules 3-4 mm
long, early caducous; petiole I-2 cm long; leaf-
lets nearly sessile, obliquely ovate, 3-7(-9) cm
x 2-4.5(-6.5) cm, base rounded, apex usually
rounded, sometimes acute, glabrous, with nu-
merous translucent dots, with 3-4 veins from
base of leaflet. Inflorescence a short axillary or
terminal panicle, short-hairy; bracts early ca-
ducous. Flowers bisexual, nearly regular, whit-
ish, fragrant; pedice1 1.5-2 mm long; sepals 4,
slightly unequal, c. 6 min x 2-4 mm, hairy In-
side; petals absent; stamens 10, free, c. 6 min
long; ovary superior, rounded, c. I min in di-
ameter, glabrous, I-celled, with short stipe,
style c. 3 min long. Fruit a slightly oblique el-
liptical-oblong, flattened pod 3-4 cm x c. 2.5
cm, glabrous, indehiscent or tardily dehiscent,
I'Seeded. Seed broadly elliptical, flattened, c. 2
cm long, shiny brown, without anI. Seedling
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374 TIMBERS2

with epigeal germination; hypocotyl hairy; cot-
yledons rounded, leafy.
Gutbourtio conjugoto grows slowly. Trees now-
er from November to January and fruits ripen
from June to July
Gutbourtio comprises about 14 species, all Af-
TICan, but a single species occurs in tropical
America. The genus is related to Hymenoeo
and Peltogyne.

Ecology Gutbourtio conjugoto occurs in dry
forest and woodland, often on rocky localities
and river banks, from sea-level up to 1500 alti-
tude. It prefers deep sandy soils.

Genetic resources and breeding It is
unlikely that Gutbourtiu conjugoto suffers
from genetic erosion because it is fairly wide-
spread and has limited usage. It is protected by
law in Mozambique

Prospects Gutbourtio coitjugoto is poorly
known, but it does not seem to have good pro-
spects as a timber tree of more commercial
Importance because of the limited amount of
trees available in most of its range of distribu-
tion, the relatively small hole size, and the ap-
parently low growth rate.

Major references Brummitt at a1. , 2007a;
Coates Palgrave, 1983; Managed Timber Re-
sources, 1998; Storrs, 1979; van Wyk &
Gencke, 2000

Other references Hyde & Wursten, 2010b;
Leonard, 1950b; Palmer & Pitman, 1972-1974;
Richter & Danwitz, 2000; Ross, 1977; Schmidt,
Lotter & MCCleland, 2002; Storrs, 1982; van
Wyk & van Wyk, 1997; Watt & Breyer-
Brandwijk, 1962.

Authors E. A. Obeng

,
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Gutbourtio ehie - wild

GUIBouRTiAEHiE (Achev. ) J. Leonard

uses in the pharmaceutical and cosmetic Indus-
tries and as a suitable base for varnishes and
lacquers, and is also used for illumination.
Traditionally, it is believed to drive away evil
spirits when burnt. The seeds are edible. The
decoction of a mixture of stem barks of Gut-

60urtio ehie and Tetropleuro tetroptero
(Schum. & Thonn. ) Taub. is drunk to cure
stomach ulcers in Ghana.

Production and international trade The
wood is traded as 'ovengkol' or 'ovangkol' in
Gabon, as 'amazakou6' in C6te d'Ivoire and as
'byedua' in Ghana. The export in the period
1970-1974 was 36,000 ms of logs from C6te
d'Ivoire. The mean annual export of 'ovengkol'
timber from Gabon in the period 1991-1999
was 12,000 ina. In 1999 it ranked 19th on the
list of most important exporttimbers of Gabon
In 2001-2003 Gabon exported on average
16,000 in31year. In 2004 the export of 'hyedua'
plywood from Ghana was 1000 ms at an aver-
age price of Us$ 3991m3, and in 2010 the wood
was still traded as first-quality parquet floor-
ing from Ghana.

Properties The heartwood is yellowish
brown to dark brown with greyish to blackish
streaks, and distinctly demarcated from the
yellowish white, up to 10 cm wide sapwood
The grain is straight to slightly interlocked,
texture fine to medium. The wood has a dis-
tinct odour when freshly cut, and an attractive
stripe figure
The wood is medium-weight to heavy, with a
density of 730-900 kg/m' at 12% moisture con-
tent, hard and tough. It air dries slowly with a
tendency of splitting and slight distortion; care
should therefore be taken in drying. The rates

Protologue Bull. Jard. Bot. Etat 19: 404
(1949).

Family Caesalpiniaceae (Leguminosae - Cae-
salpinioideae)

Chromosome number2n=24
Origin and geographic distribution Gut-

60urtio ehie occurs from Guinea and Liberia
eastwards to Garnero0n, and south to Gabon

Uses The wood is commonly used for floor-
Ing, Joinery, Interior trim, panelling, furniture,
vehicle bodies, agricultural implements, musi-
calmstrument, toys, novelties, carvings, turn-
ery, veneer and plywood.
The solidified fresh or semi-fossil resin from
the bark ('copal') is made into fragrant necklac-
us and traded locally. It is reported to have
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of shrinkage are moderately high, from green
to oven dry 3.4-5.5% radial and 6.8-10.7%
tangential. Once dry, the wood is moderately
stable in service.

At 12% moisture content, the modulus of rup-
ture is 127-210 N/mm2, modulus of elasticity
13,900-21,500 N/mm2, compression parallel to
grain 57-81 N/min2, shear 8-15 N/mm2, cleav-

17-34 N/mm and Chalais-Meudon sideage

hardness 5.4-11.3.

The wood generally saws and works fairly easi-
Iy with ordinary hand and machine tools, but
the blunting effect on saw teeth and cutting
edges may be considerable due to the presence
of silica. Stentte-tipped saw teeth and tung-
sten-carbide cutting edges are recommended
The wood planes to a good finish. It holds nails
and screws well, but pre-boring is needed. The
wood glues, varnishes and polishes well and
has good resistance to abrasion. It produces
excellent sliced veneer, but it is advisable to
heat logs before slicing. The wood is durable,
being quite resistant to termite, Lyetus and
marine borer attacks. The heartwood is re-

SIStant to impregnation with preservatives, the
sapwood moderately resistant
The traditional use of stem bark to cure stom-

ach ulcers was verified in laboratory tests with
mice. Aqueous bark extracts of Gutbot, rtio ehie
showed significant inhibition of ulceration of
the stomach, but those of Tetropleuro tetropte-
70 and of a combination of the two barks (1:4)
were even more effective. The toxicity of the
extracts using brine shrimp larvae was also
investigated. The Gutbourtio ehte extract was
the only one that did not killlarvae, even at
high concentrations.

Adulterations and substitutes The wood

of Gutbourtio ehie is a common substitute for
rosewood (Do16ergio spp. ), which is used for
similar purposes. It is very similar to the wood
of Gutbourtio grito!didrig (De Wild. &
T. Durand) J. Leonard

Description Evergreen or deciduous, medi-
urn-sized to large tree up to 45(-50) in tall; hole
branchless for up to 25 in, usually straight and
cylindrical, up to 100(-300) cm in diameter,
often with narrow buttresses up to 2.5 in high;
bark surface nearly smooth, finely fissured,
often with thin horizontal ridges, pale to dark
grey or yellowish, inner bark granular or fi-
brous, thick, pinkish brown to brown or yellow-
ish orange, with a yellowish, sweet scented
exudate; crown flattened or rounded, finely
branched; twigs hairy. Leaves arranged spiral-
Iy, panpinnately compound with I pair of leaf-
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Gutbourtio ehie - I, 60se of 601e, . 2, ledb^ branch, .
3, flowering twig, . 4, flower with one sepol re-
moued, . 5, fruit.
Redrown Grid udopted by/shoh Syomsudin

lets; stipules leaf-like, up to 2 cm long, often
persistent; petiole 0.5-I cm long; leaflets ses-
SIIe, obliquely ovate or elliptical, 3-8 cm x 1.5-
3.5 cm, base curieate on one edge and rounded
on the other, apex usually acuminate, glabrous,
with numerous translucent dots or without

these, pinnately veined with 5-7 pairs of Iat-
eralveins. Inflorescence an axillary or terminal
panicle up to 20 cm long, hairy; bracts small,
very early caducous. Flowers bisexual, nearly
regular, whitish, fragrant, sessile; sepals (3-)4,
slightly unequal, up to 4.5 mm long, halry In-
side; petals absent; stamens 10, free, up to 7
mm long; ovary superior, broadly elliptical, c. I
mm long, sparsely hairy, I-celled, sessile, style
4-5 mm long. Fruit an elliptical, flattened,
papery pod 4-6 cm x 3-4 cm, glabrous, reticu-
lately veined, black, indehiscent, with a small
wing at one side, I'Seeded. Seed rounded, nat-
tened, c. 1.5 cm in diameter, brown, without
anI. Seedling with epigeal germination; hypo-
coty1 6-12 cm long, epicotyl up to 3 min long;
cotyledons fleshy, nearly round, up to 1.5 cm in
diameter, caducous; first leaf sessile, with 2
nearly round leaflets c. 3 cm long.
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Other botanical information Guibourtio
comprises about 14 species, all African, but a
single species occurs in tropical America. The
genus is related to Hymenoeo and Peltogyne.
Gutbourtio Ieonensis J. Leonard is a medium-

sized tree up to 25 in tall with a straight hole,
occurring in Senegal, Guinea-Bissau, Guinea,
Sierra Leone and Liberia. The wood has an
attractive appearance and it is suitable for
general carpentry work. In Sierra Leone the
bark is used as fish poison

Anatomy Wood-anatomical description OAWA
hardwood codes)
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; 23: shape of alternate pits po-
Iygona1; 25: intervessel pits small(4-7 F1m); 26
intervessel pits medium (7-10 prn); 29: ves-
tured pits; 30: vessel-ray pits with distinct bor-
ders; similar to intervessel pits in size and
shape throughout the ray cell; 42: mean tan-
gential diameter of vessellumina 100-200 grn;
46: S 5 vessels per square minimetre; 47: 5-20
vessels per square minimetre. Tracheids and
fibres: 61: fibres with simple to minutely bor-
dered pits; 66: non-septate fibres present; 69:
fibres thin- to thick-walled. Axial parenchyma
80: axial parenchyma allform; 81: axial paren-
chyma lozenge-allform; (82: axial parenchyma
winged-anform); 83: axial parenchyma conflu-
ent; 89: axial parenchyma in marginal or in
seemingly marginal bands; (91: two cells per
parenchyma strand); 92: four (3-4) cells per
parenchyma strand; 93: eight (5-8) cells per
parenchyma strand. Rays: 98: larger rays
commonly 4- to 10-senate; 104: all ray cells
procumbent; 1/5: 4-12 rays per min; 1/6: Z 12
rays per mm. Mineral inclusions: 136: pris-
matic crystals present; 142: prismatic crystals
in chambered axial parenchyma cells.
(FD. Kamala, P. E. Gasson & E. A. Wheeler)

Growth and development Gutbourtio ehie
grows slowly. In Guinea the mean height of
young trees was 3.5 in after 6 years, In C6te
d'TVoire a mean annual hole diameter growth of
0.5 cm has been recorded. Gutbourtio ehie is

fairly shade tolerant, but saplings require light
at initial stages of growth. They usually have
red flushes of leaves. In Liberia and C6te

d'TVoire, trees flower around November, lose
their leaves soon thereafter, and new leaf
flushes are developed when the fruits ripen in
January-February. Fruits are dispersed by
wind

Ecology In West Africa Gutbourtio ehie is

most common in semi-deciduous forest, espe-
cially in drier types. In Central Africa it can
also be found in well-drained localities in ever-
green forest, up to 500 in altitude. Trees are
very sensitive to fire

Propagation and planting Natural regen-
eration is often abundant around the mother
plant. In Liberia it has been reported that
seedlings rarely reach sizes of more than 30
cm, but in Ghana saplings have been reported
to be locally abundant.
There are about 2500 seeds per kg. Germina-
tion starts 10-25 days after sowing and the
germination rate is usually fairly high, 65-80%
after 5 weeks. In the nursery, seedlings should
be grown in the shade. They reach about 25 cm
tall after 4.5 months. In Guinea the mortality
was very high (over 80%) in fullsun. In Gabon
seedlings had a survival rate of over 90% when
planted in the open as well as in the forest;
they reached a mean height of 2.3 in in fullsun
and 3.3 in in the shade 3 years after planting

Management In general Gutbourtio ehie
occurs scattered in the forest, or in small
groups of a few trees. In Gabon the average
wood volume is 1.6 in31ha. In semi-deciduous
forest in C6te d'TVoire, an average of 3.1 trees
with a bole diameter of more than 10 cm has
been recorded.

Harvesting The prescribed minimum felling
diameter is 90 cm in Ghana, in Gabon 70 cm
and in Liberia and C6te d'TVoire 60 cm.

Yield A tree with a hole diameter of 60 cm
yielded 3.5 ina of wood and one with a bole di-
ameter of 90 cm 8.1 ms. In 1970 in C6te
d'Ivoire, logs yielded 41% of sawn wood, of
which 18% was considered of export quality

Handling after harvest After harvesting,
logs should not be left in the forest too long
because they are liable to splitting

Genetic resources Although Gutbourtio ehie
is fairly widespread, It suffers from overexploi-
tation and could suffer from genetic erosion. It
is included as vulnerable in the IUCN Red List
of threatened species, but it is indicated that
its status should be reviewed.

Prospects The wood of Gutbourtio ehie is in
high demand on the timber market, but re-
search is needed to be able to determine its
possibilities for commercial exploitation on a
sustainable basis. There is little information

available on growth rates, propagation and
planting, and suitable management measures.
The apparently slow growth can be a serious
drawback because long cutting cycles could be
necessary for sustainable exploitation. The



potential of its copal resin in the cosmetic and
pharmaceutical industries could be harnessed,
and experiments showed interesting possibili-
ties for drug development of the bark. The phy-
tochemistry of the seeds should be investigated
to guarantee safe use as food. Gutbourtio ehte
might be worth to be promoted for wider plant-
Ing as a true multipurpose tree

Major references Anbr6ville, 1970; Bolza &
Keating, 1972; Burki11, 1995; CIRAD Forestry
Department, 2008; de Saint-Aubin, 1963; Haw-
thorne, 1995; Keay, 1989; 0teng-kirioako (Edi-
tor), 2006; Vivien & Faure, 1985; Voorhoeve,
1979.

Other references African Regional Work-
shop, 1998; Aubr6ville, 1959b; Aubr6ville,
1968; Brancheriau at a1. , 2006; Christy at al. ,
2003; de in Mensbruge, 1966; Hawthorne &
Jongkind, 2006; ITvine, 1961; Kunke1, 1965;
Leonard, 1949; Leonard, 1950b; Lisowski,
2009; Mangenot & Mangenot, 1957; Noamesiet
a1. , 1994; Normand & Paquis, 1976; Tailfer,
1989; Takahashi, 1978; Taylor, 1960; UNEP-
WCMC, 2006; Wilks & TSSemb6, 2000

Sources of illustration Voorhoeve, 1979;
Wilks & TSSemb6, 2000.

AuthorsA. A. Oteng-Amoako & C. Essien

60urtio tessmonnit occurs in Garnero0n, Equa-
tonal Guinea and Gabon.

Uses The wood of Gutbourtio tessmonnii,
known as 'hubinga' or 'kevazingo', is used for
flooring, joinery, decorative panelling, furni-
ture, cabinet work, mine props, vehicle bodies,
boxes, crates, musical instruments, tool han-
dles, brush backs and carvings. It is suitable
for ship building, toys, novelties, turnery, ve-
neer and plywood
In traditional medicine, bark decoctions are
administered for the treatment of gonorrhoea
and hypertension, and for preventing abortion.
They are also taken as an arithelmintic and
applied as a cleanser for washing wounds. In
the markets ofYaound6 (Cameroon), stem bark
is for sale to cure many complaints: convul-
SIons, diarrhoea, lumbago, hemla, malaria,

and female infertility. A survey
among villagers yielded claims that use of
bark, leaves or fruits also controls typhoid re-
ver, haemorrhoids, cancer, sexually transmit-
table diseases and hepatitis. Bark extracts are
used in southern Garnero0n as a pesticide, of-
ten in mixtures with other plant species, to
controlthe 'black pod disease' in cacao cause by
fungi. The bark is much sought after and has
often been removed at the base of the hole of

standing trees.
Production and international trade The

wood is traded from Gabon as 'kevazingo' in
mixture with that of Gutbourtio penegriniono
J. Leonard. In 1997 about 55,000 in3 of logs
were exported at an average price of FCFA
350,000/in a

Properties The heartwood is reddish brown,
often with violet-brown or purplish streaks,
and distinctly demarcated from the whitish, up
to 7.5 cm wide sapwood. The grain is straight
or interlocked, texture fine and even. The wood
is lustrous and scented when freshly cut.
The wood is heavy, with a density of 860-930
kg/ms at 12% moisture content, and hard. It air
dries slowly with high risk of distortion. The
rates of shrinkage are quite high, from green to
oven dry 5.2-8.1% radial and 6.3-10.5% tan-
gential. At 12% moisture content, the modulus
of rupture is 166-195 N/mm2, modulus of elas-
ticity 15,100 N/mm2, compression parallel to
grain 66-73 N/min2, shear 9.5 N/min2, cleavage
20-27 N/min and Chalais-Meudon side hard-

ness 7.9-90

The wood is fairly easy to saw and work with
both machine and hand tools, and it planes to a
good finish. It polishes well and varnishes sat-
isfactorily. It holds nails well and has good
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GUIBOURTiATESSMANNli(Harms) J. Leonard

Protologue Bull. Jard. Bot. Etat 19: 404
(1949).

Family Caesalpiniaceae (Leguminosae - Cae-
salpinioideae)

Vernacular names Bois de rose d'Mrique
(Fr)

Origin and geographic distribution Gut-
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gluing properties. Good-quality veneer can be
produced by shcing. The wood is durable and
resistant to termites, Lyettts and other wood-
boring beetles. The heartwood is resistant to
Impregnation with preservatives, the sapwood
moderately resistant.
The wood of Gutbourtio tessmonnii contains

flavanols of Ieucofisetinidin and guibour-
tacacidin, tannins and sugars. Some stilbene
glycosides have been isolated from the bark, as
well as asebotin, a dihydrochalcone glueoside
Pharmacological screening showed antifungal
activity

Botany Medium-sized to large tree up to 40
in tall; bole branchless for up to 20 in, straight,
cylindrical, up to 200 cm in diameter and often
with large, slender buttresses up to 3 in high;
bark surface greenish grey to reddish brown,
scaly with small, rounded scales leaving orange
to red depressions, inner bark brittle, reddish
to brown, often with a gelatinous reddish exu-
date; crown dense, rounded. Leaves arranged
spiralIy, panpinnately compound with I pair of
leaflets; stipules small and early caducous;
petiole 1.5-3 cm long; leaflets nearly sessile,
obliquely ovate or elliptical, 6-15 cm x 3-6 cm,
base curieate, apex acuminate, glabrous, with-
out translucent dots, pinnately veined with up
to 10 pairs of lateral veins. Inflorescence an
axillary or terminal panicle c. 10 cm long, with
thick branches, reddish hairy; bracts small,
very early caducous. Flowers bisexual, nearly
regular, whitish, fragrant, sessile; sepals 4,
slightly unequal, up to 6 min long, hairy inside;
petals absent; stamens 10, free, up to 8 mm
long; ovary superior, broadly ellipsoid, c. 2 min
long, hairy, I-celled, sessile, style c. 5 mm long.
Fruit an obliquely ellipsoid pod 3-4 cm x 2-2.5
cm, slightly flattened, glabrous, densely
striped, dark copper-brown, dehiscent with 2
leathery valves, I(-2)-seeded. Seed kidney-
shaped, c. 1.5 cm long, slightly flattened, coin-
PIetely covered by an orange-red anI.
The seed is eaten by monkeys, chimpanzees
and bombills, which may serve as dispersers.
Gutbourtio comprises about 14 species, all at-
rican, but a single species occurs in tropical
America. The genus is related to Hymenoeo
and Peltogy, Ie.
Gutbourtiu penegriniono J. Leonard occurs from
south-eastern Nigeria south to Cabinda (Allgo-
Ia). It is a tall tree, with a straight hole. In Ga-
bon it is locally harvested for the commercial
timber trade from secondary forest where
okoum6 (AMcoumeo hloineono Pierre) is the
dominant species. The wood, with a density of

about 940 kg/ina at 12% moisture content, is
quite similar to that of Gutbourtio tessmo, ,nit.

Ecology Gutbourtio tessmoiinii occurs in
evergreen forest, usuaUy in primary forest on
well-drained localities.

Management Gutbourtio tessmonnii gener-
ally occurs scattered in the forest. In Gabon the
average wood volume of Gutbourtto tessmonnii
and Gutbourtio penegriniono together is 1.4
ms/ha, and in 1995 the standing stock was es-
timated at 13 million ina

The minimum hole diameter for exploitation is
90 cm in Gabon. In Cameroon a tree with a

hole diameter of 80 cm yielded 5.6 in3 of wood,
one of 100 cm 8.6 ing and one of 150 cm 19.1

ina. Freshly harvested logs do not float in wa-
ter.

Genetic resources and breeding Although
Gutbourtio tessmonnii has a limited geograph-
ICal distribution and usually occurs scattered
in primary forest, there are no indications that
it is under threat of genetic erosion at present.
However, it is advisable to monitor populations
because the species may easily become liable to
genetic eroslon

Prospects The wood of Gutbot, rtio tess-
monniiis in demand on the timber market, but
research is needed to be able to determine its
possibilities for commercial exploitation on a
sustainable basis. There is no information

available on growth rates, propagation and
planting, and suitable management measures.
Slow growth has been reported for some other
Gutbourtio species, and could also be a serious
drawback for Gutbourtio tessmonnii because

long cutting cycles would be necessary for sus-
tainable exploitation. The common application
of the bark in traditional medicine warrants

more research on phytochemistry and pharma-
cological properties.

Major references Bolza & Keating, 1972;
Burki11, 1995; CIRAD Forestry Department,
2008; CTFT, 1977a; Vivien & Faure, 1985.

Other references ATIBT, 1986; Aubr6ville,
1968; Betti, 2002; Coulibaly at a1. , 2002; de
Saint-Aubin, 1963; Jiofack at a1. , 2009; Nkeng-
rack at a1. , 2001; Nyemba, 1995; Takahashi,
1978; Wilks & Issemb6, 2000

Authors E. A. Obeng

GYROCARPUSAMERicANUS Jacq.

Protologue Select. stirp. amer. hist. : 282
(1763)

Family Hemandiaceae



Chromosome number2n=30

Synonyms Gyrocorpus jocquinii Gaertn
(1791), Gyrocorpus OSioticus Wind. (1806)

Vernacular names Propeller tree (En)
unamba-roweupe, inhawa, inbornba (Sw).

Origin and geographic distribution Gyro-
corpus omeneditus ls extremely widespread,

Central America and northernOccurring In

South America, in the drier parts of tropical
Africa, throughout tropical Asia, in northern
Australia, and on islands in the Pacific Ocean
towards Tabiti. In tropical Africa it is found
from eastern Senegal, Guinea and Mali east to
Eritrea and Kenya, and south to Namibia and
South Africa; it is also found in western and
southern Madagascar.

Uses The holes of Gyrocorpus omenconus
are traditionally used for dug-out canoes. The
wood is used for roof laths, wall covering, irisu-
Iation, toys, model making and carvings. In
tropical Asia it is additionally used for wooden
clogs, light furniture, boxes, crates, trays and
floats. It is suitable for sporting goods, turnery,
veneer, plywood, hardboard, particle board and
pulpwood. It is also used as firewood
Bark infusions are taken to treat cancer and

kidney pain, whereas pounded roots or root
decoctions are applied to wounds. Root decoc-
tions are also administered to treat diarrhoea.
In Mali crushed leaves are applied to treat
scabies. In Bangladesh twigs are used as
toothbrush. The yellowish bark exudate has
been used as a substitute of rubber

Production and international trade The
wood is seldom traded and on a localscale only.

Properties The heartwood is greyish white
to pale yellow, sometimes with a pink tinge,
darkening to greyish brown upon drying, and

indistinctly demarcated from the sapwood. The
grain is straight, sometimes shghtly interlocked,
texture coarse but even. The wood Is lustrous,
particularly when quarter-sawn
The wood is lightweight, with a density of 250-
440 kg/in3 and soft. It air dries easily. The
rates of shrinkage are low, from green to oven
dry 1.6-3.5% radial and 4.2-6.4% tangential.
Once dry, the wood is fairly stable in service
At 12% moisture content, the modulus of rup-
ture is 39-96 N/min2 modulus of elasticity
4510-10,750(-13,900) N/mm, , compression
parallel to grain 19-33 N/min2 and Chalais-
Mendon side hardness 0.3-1.8

The wood saws and works easily, both with
hand and machine tools, but sharp tools are
recommended because it has a tendency to
crumble. In finishing, it often produces woolly
surfaces. The wood nails and screws easily, and
the holding power of nails and screws Is satis-
factory. It glues and stains satisfactorily. It is
not durable, being liable to termite, pinhole
borer, Lyetus and marine borer attacks. The
wood is easy to impregnate with preservatives
The presence of alkaloids has been demon-
strated for several plant parts. One of these is
inagriocuranine, which has ganglion-blocking
activity. Gyrocarpine showed moderate
tileishmanial activity in mice. Twig extracts
showed antibacterial activity against Bocillus
pumi!us
In Australia some tests have been done on the
essential oil from the leaves of Gyrocorpus
omenconus. The yield was 0.2-0.7%, and the
composition of the oil was quite variable, with
up to 40% orpinene and ^-pinene, but some-
times sesquiterpenes were dominating with
germacrene D asthe majorcomponent(31%)

Botany Deciduous small to medium-sized
tree up to 20(-30) in tall; hole cylindrical, up to
80(-100) cm in diameter, without buttresses;
bark surface smooth to scaly, greyish white to
whitish brown or greenish brown, inner bark
straw-coloured with greenish margin, with a
yellowish exudate; crown open, rounded, with
often short branches; twigs brittle, short-hairy,
with lenticels. Leaves arranged spiralIy, clus-
tered near twig ends, simple; stipules absent;
petiole 4-18 cm long, channelled; blade ovate-
lanceolate or 3-5(-7)-lobed to near the middle,
4-25 cm x 4-22 cm, obtuse to heart-shaped at
base, acuminate at apex, papery, glabrous to
short-hairy, 3-5(-7)-veined from the base and
with 3-6 pairs of lateral veins. Inflorescence an
axillary, much-branched cyme up to 15 cm
long, hairy, with long peduncle. Flowers bisex-
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ual or male, regular or slightly zygomorphic,
scented, yellowish to greenish brown; perianth
lobes 4-8, c. 2 min long, equal or unequal with
2 larger ones, hairy; stamens (I-)4(-7), up to 4
mm long, hairy or glabrous, arithers opening
with 2 flap-like valves, alternating with rudi-
meritary stamens up to I mm long; ovary lrife-
nor, I-celled, style recurved or S-shaped. Fruit
a dry, ovoid nut I-2 cm long, with c. 8 longitu-
dinal ridges, with 2 large brown to blackish
wings (enlarged perianth lobes) up to 11 cm x
1.5 cm, I-seeded. Seed with spongy seed coat.
Seedling with epigeal germination; cotyledons
leafy, 2-lobed; first few leaves entire, subse-
quent ones 3-10bed
Growth is fairly rapid, with a mean annual
growth rate in height of 45 cm in Madagascar
In the nursery seedlings reach 50-100 cm in
height after one year. In West Africa trees
usually flower at the end of the dry season,
shortly before new leaves develop. In Madagas-
car new leaves develop at the beginning of the
rainy season, usually in early November. The
leaves fall at the end of May, about one month
after the end of the rainy season. Trees regu-
Iarly flower in September-October and fruit I-
2 months after flowering. Pollination is proba-
bly by wind. The winged fruits are an obvious
adaptation for wind dispersal. They rotate
when falling. Dispersal may also be by water
as the fruits can float for several months. The
viahinty of fruits having floated in water for 2
months was not affected

Gyrocorpus comprises 4 species, 3 of which are
found in tropical Africa. Gyrocorpus origustifo-
Itus ryerdc. ) Thulin is a shrub or smalltree up
to 15 in tall, occurring in scrub and open bush-
land in Ethiopia, Somalia and Kenya. Gyrocor-
pus hobobensis Chiov. has a similar habit and
occurs in the same region and additionany in
Eritrea and Djibouti. The wood of both species
works easily and is occasionally used for uten-
SIIs and carvings
Gyrocorpus omenconus has been subdivided
into 8 subspecies. Within mainland Africa 3
subspecies are found: subsp. of neonus Ku-
bitzki occurring from ETitrea, through Kenya
and Tanzania, southward to South Africa;
subsp. omenconi, s in Kenya and Tanzania; and
subsp. pmnotilobus Kubitzkiin West Africa. In
Madagascar 3 more subspecies occur: subsp
cupurortionus Kubitzki, subsp. glober Kubitzki
and subsp. tomentosus Kubitzki.

Ecology Gyrocorpus omencunus occurs in
hot and dry areas, in Madagascar up to 600 in
altitude, in southern Africa up to 1200 in and

in Eritrea up to 1400 in, often in deciduous
woodland on rocky ridges or stony slopes, also
in riverme thickets. In Madagascar it occurs in
regions with a mean annual rainfall of 500-
1000(-1200) mm, with 5-7 dry months, and a
mean annual temperature of 24'C. It prefers
sandy soils with good drainage, but can locally
also be found on humid clayey soils. Gyrocor-
pus omenconus is not resistant to fire and does
not tolerate periodic waterlogging.

Management In Madagascar natural re-
generation is said to be quite rare. Fruits are
usually collected from the ground. The weight
of 1000 fruits is 250-350 g. It is recommended
to sow fruits as soon as possible, after removal
of the wings by hand. Nevertheless, they can be
stored after drying in the sun in air-tight con-
tainers for up to I year without losing much of
their germination power. Pre-treatment is not
needed, although in Madagascar it is recoin-
mended to soak fruits in water for 24 hours

before sowing. The seeds start germinating
after about 10 days, and the germination rate
is 60-85%. However, in a trial in Malaysia
seeds germinated much later: about 70% ger-
mination was achieved from 11 months to al-
most 3 years. In India the germination rate
decreased when seeds weresown under shade
Seeds can be sown directly into the field, but in
Madagascar the survival rate of seedlings was
only 9% after 15 months. Planting of 6-12-
month-old, bare-rooted seedlings raised in the
nursery showed better results, with a survival
rate of 70% after 2 years

Genetic resources and breeding Gyro-
corpus omenconus is extremely widespread
and locally common, and not easily liable to
genetic erosion. In West Africa (subsp. pmnoti-
lobus)it occurs very localized, and there it may
be more vulnerable

Prospects Commercial interest in Gyrocor-
pus omeneditus is unlikely to increase because
it is often a smaller tree with moderate wood

properties. However, its utilization for carving
in cottage industry may attract interest in the
future

Major references Arbonnier, 2004; Blaser
at a1. , 1993; Boer & SOSef, 1998; Chikamai at
al. , undated; Randrianas010, 1989

Other references Beln at a1. , 1996; Bolza &
Keating, 1972; Brophy, Goldsack & Forster,
2000; Burki11, 1994; Capuron, 1966h; CFPF,
2008; Coates Palgrave, 2002; Gelfand at al. ,
1985; Inngjerdingen at a1. , 2004; Neuwinger,
2000.

Authors R. H. M. J. Lemmens & D. Louppe



HAPLOCOELUMFOLIOLOsuM (Hiern) Bullock

Protologue Bull. Misc. Inform. Kew 1931:
356 (1931).

Family Sapindaceae
Synonyms HOPIocoe!urn gongense (Engl. )

Radlk. (1916), HOPIocoelum mombosense Bull-
ock (1931).

Vernacular names Galla plum, northern
galla plum (En)

Origin and geographic distribution HOPIo-
coelum foliolosum is distributed from Came-
Toun east to southern Ethiopia and Somalia,
and south to Zambia, Angola, Zimbabwe, Mo-
zambique and SouthAfrica

Uses The wood of HOPIocoelum folio!OSum is
used in East Africa for construction, furniture
and tool handles. The fruit is eaten. The flow-

ers are an important source of nectar for honey
bees. In Kenya leaf decoctions are used as eye
lotion. The twigs are used as toothbrushes

Properties The wood is reddish and very
hard.

Botany Deciduous, dioecious shrub or sinaU
tree up to 15(-25) in tall; bark smooth, grey;
branchlets grey-brown to black, short-hairy
Leaves alternate, paripinnately compound with
2-16 pairs of leaflets; stipules absent; petiole
0.5-1.5 cm long, rachis 2-10 cm long, narrowly
winged; petiolules up to 0.5 min long; leaflets
opposite, oblong to elliptical, 1.5-6 cm x 0.5-I
cm, curieate to obtuse and asymmetrical at
base, usually notched at apex, glabrous or
sparsely hairy on inIdrib, pinnately veined with
numerous closely spaced lateral veins. Inflo-
rescence an axillary fascicle or cyme. Flowers
unisexual, regular, white to yellowish; pedicel
I-3 mm long in male flowers, 5-10 min in fe-

male flowers; sepals 5, oblong, c. 2 mm long,
short hairy; petals absent; stamens 4-5, free,
filaments 2-5 min long; ovary superior, ovoid
to rounded, 3-celled, style up to I mm long, 3-
fid; male flowers without ovary, female flowers
with rudimentary stamens. Fruit an ovoid to
nearly globose capsule 1.5-2 cm x I-1.5 cm,
yellow to red-purple when ripe, indehiscent or
irregularly rupturing, I-2-seeded. Seeds ellip-
sold, flattened, I-1.5 cm x c. 0.5 cm, brown,
covered by a thin, fleshy anI.
Trees usually flower before new leaves develop.
HOPIocoelum foliolosum shows a lot of vana-
tion. Three subspecies have been distin-
guished, mainly based on the number of leaf-
lets per leaf, but a large part of the variation
seems to be caused by growing conditions. At
1850 in altitude on Mount Mulanje in Malawi,
it can be a tree up to 25 in tall, but at lower
altitudes it is often a straggling shrub or small
tree of only 3-4 in in height
HOPIocoe!urn comprises 4 species on the main-
land of tropical Africa. A fifth species endemic
to Madagascar was included in the genus as
HOPIocoelum perrieri Capuron, but it differs
from the other species to such an extent that it
was transferred to a distinct genus;lts name is
now Gereouo perrieri(Capuron) Buerki &
Callmander. It is a smalltree up to 15(-20) in
tall suitable for timber; its branches are used
for fencing and the seed artlis edible
HOPIocoelum moploeum Radlk. (synonym
HOPIocoelum trigonocorpum Radlk. ), called
'inchumbi' and 'mrunga tanzu' in Swahili, is a
shrub or smalltree up to 15 in tall occurring in
coastal East Africa from Somalia to Tanzania.

Its hard wood is used to manufacture walking
sticks and clubs, and the seed anlis edible

Ecology HOPIocoelum foliolosum is found in
grassland, thickets and woodland, including
Brochystegio-ISOberlinio woodland, from sea-
level up to 1500 in altitude, in Malawi up to
1850 in

Genetic resources and breeding As Her-
PIOcoe!urn folio!OSum is widely distributed and
not heavily exploited, no threats are envisaged

Prospects HOPIocoelum folio!OSum does not
seem to have prospects as a timber tree of
commercial importance because it rarely
reaches large dimensions. In view of the large
variation, it is an interesting subject for coin-
bined taxonomic and ecological research.

Major references Burki11, 2000; Coates Pal-
grave, 1983; Davies & Verdcourt, 1998; Ko-
kwar0, 1993

Other references Beentje, 1994; Buerki at
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a1. , 2010; Foullloy & Hall6, 1973a; Friis &
Vonesen, 1999; Friis, Verdcourt & Vonesen,
1996; Hauman, 1960; Ichikawa, 1987; MCGin-
Iey (Editor), 2008.

Authors C. H. BOSch

HAZOMALANLAVOYRONll(Jum. ) Capuron

Protologue Adansonia, s6r. 2, a 377 (1966).
Family Hemandiaceae
Synonyms Hemondio DoyrontiJum. (1921)
Vernacular names False camphor (En).

Faux camphrier (Fr).
Origin and geographic distribution Hg2O-

moldnio Doyroniiis endemic to western and
central Madagascar, where it occurs from near
Mahajanga southward to close to Tonara.

Uses The wood, known as 'hazomalany' or
'hazomalana', is considered among the most
valuable woods of western Madagascar. Tradi-
tionally, the wood has been used for dug-out
canoes, floaters of canoes, peddles, ceremonial
coffins, chests to preserve clothes and food, and
weather-boards. It is used for planks, joinery,
furniture, moulding, boxes, crates, frame-work
and shingles. It is suitable for light construc-
tlon, Interior trim, toys, novelties, matches,
turnery, veneer, plywood, hardboard, particle
board and pulpwood
The bark is used in traditional medicine to

treat fever including malaria, hepatitis and
digestive problems. Bark decoctions or macera-
tions are traditionally used as coadjuvant to
chloroquine in the treatment of malaria. POW-
dered wood is applied to wounds. The smoke of
the wood is used to dispel mosquitoes. The
fruits are used to prepare a reddish dye applied

as nail polish; the pulp is crushed and mixed
with some water.

Production and international trade The

wood of Herzomo!onto Doyronii has been traded
extensively in western Madagascar for local
applications, but over-exploitation reduced the
volumes in trade considerably. Since a long
time, the wood has been exported to India and
China to make coffins

Properties The heartwood is straw-coloured
to yellowish brown and distinctly demarcated
from the 4-5 cm wide sapwood. The grain is
usually straight, texture coarse. The wood has
a persistent camphor-like smell
The wood is lightweight, with a density of 370-
470 kg/ms at 12% moisture content. It air dries
rapidly with little or no degrade. The rates of
shrinkage are low, from green to oven dry 2.3-
3.4% radial and 4.2-6.6% tangential. It takes
I-2 months to air dry 2.5 cm thick boards, and
4-5 months for 4 cm thick boards. Once dry,
the wood Is stable in service

At 12% moisture content, the modulus of rup-
ture is 59-77 N/min2, modulus of elasticity
(3330-)5300-8000 N/min2, compression paral-
Ielto grain 28-34 N/mm2 shear 5 N/mm2
cleavage 7.5-8.5 N/mm and Chalais-Meudon
side hardness 06-1.4.

The wood saws and works easily, with both
hand and machine tools, but it is fissile. The
nail-holding power is moderate. The wood
glues satisfactorily, and it varnishes, paints
and polishes well when a filler has been used
It has excellent peeling and slicing characteris-
tics, and is suitable for moulding and turning.
The heartwood is durable, being quite resistant
to fungal, termite and wood-borer attacks, but
moderately susceptible to marine borers. The
heartwood Is resistant to impregnation with
preservatives, the sapwood moderately re-
SIStant

Several benzyltetrahydroisoquinoline alkaloids
have been isolated from the bark: hervennes
A-D, Teticuline and Iaudanosine. These coin-
pounds have moderate in-vitro antiplasmodial
activity, but a pronounced chloroquine-potent-
iating action against chloroquine resistant
Pigsmodium foieiporum strains. Bark extracts
showed low cytotoxicity against HeLa cells and
L929 fibroblasts.

An essential oilhas been obtained by hydrodis-
tillation from the bark. Perillaldehyde is the
major constituent (about 83%), responsible for
the distinct camphor-like smell. The oil showed
noteworthy antibacterial and antifungal activi-
ties.
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Adulterations and substitutes The wood

of HG2Omolortio Doyroniihas been suggested as
a good substitute of softwood. The names 'haz-
omalany' and 'hazomalana' are used for other
trees with a pronounced smell, but their wood
is often quite different from that of Hogomo!0-
it, a DoyroniL.

Description Deciduous, dioecious, medium-
sized tree up to 25 in tall, all parts wlth a cam-
phor-like smell; hole branchless for up to 12 in,
usually straight and cylindrical, up to 80(-100)
cm in diameter; bark surface longitudinalIy
fissured and scaly, whitish, inner bark thick,
yellowish; crown dense; twigs thick, densely
whitish grey short-hairy. Leaves arranged spi-
rally, clustered near apex of twigs, simple and
entire; stipules absent; petiole 2.5-10 cm long;
blade ovate to heart-shaped, 5.5-14 cm x 4-11
cm, rounded to cordate at base, obtuse to acu-
minate at apex, papery, more or less densely
hairy below, with minute translucent dots, 3-5-
veined from the base. Inflorescence an axillary
umbel-like compound cyme, with main axis up
to 5(-6) cm long and usually 4-5 branches up

to 2 cm long, yellowish white short-hairy;
bracts up to I(-3) cm long. Flowers unisexual,
regular, whitish; male flowers (4-)5(-6)-
merous, with c. I mm long pedicel, tepals obo-
vate-oblong, 6-7 mm x 2-3 min, short-hairy, in
2 whorls, alternating with c. 2.5 min long
glands, stamens 4-5 min long, ovary rudimen-
tary; female flowers (5-)6-merous, with 2 une-
qual, up to I cm long bracteoles at base, sessile,
tepals obovate-oblong, 6-7 min x 2-3 min,
short-hairy, in 2 whorls, alternating with c. 2
mm long glands, rudimentary stamens c. 2 min
long, ovary inferior, I-celled, style 3.5-4 mm
long, hairy, stigmas 2, rounded and slightly
lobed. Fruit a dry, slightly fleshy, almond-
shaped drupe c. 4.5 cm x 1.5 cm, slightly later-
ally compressed, with c. 10 longitudinal ridges,
enclosed by 2 large, unequal wings (enlarged
bracteoles) up to 12 cm x 4 cm; stone obovoid,
c. 2.5 cm x I cm, lateralIy compressed, I-
seeded. Seed with leafy cotyledons cordate at
base.

Other botanical information Hg2Omolo-
itto comprises a single species and is closely
related to Hemondio or is even considered to

belong to the latter genus. Hemondio differs in
being evergreen and monoecious.

Anatomy Wood-anatointcal description OAWA
hardwood codes)
Growth rings: 2: growth ring boundaries Iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
12: solitary vessel outline angular; 13: simple
perforation plates; 22: intervessel pits alter-
nate; 23: shape of alternate pits polygonal; (26
intervessel pits medium (7-10 pin)); 27: inter-
vessel pits large (Z 10 prn); 31: vessel-ray pits
with much reduced borders to apparently sim-
PIe: pits rounded or angular; 32: vessel-ray pits
with much reduced borders to apparently sim-
pre: pits horizontal(scalariform, gash-like) to
vertical (palisade); (33: vessel-ray pits of two
distinct sizes or types in the same ray cell); 42:
mean tangential diameter of vessellumina
100-200 pin; 47: 5-20 vessels per square inil-
limetre; 56: tyloses common. Tracheids and
fibres: 61: fibres with simple to minutely bor-
dered pits; 66: non-septate fibres present; 68:
fibres very thin-walled; (69: fibres thin- to
thick-walled). Axial parenchyma: 79: axial pa-
Tenchyma vasicentric; 80: axial parenchyma
allform; 81: axial parenchyma lozenge-alitorm;
(83: axial parenchyma confluent); 90: fusiform
parenchyma cells; 91: two cells per parenchy-
ina strand; 92: four (3-4) cells per parenchyma
strand. Rays: 97: ray width I-3 cells; 104: all
ray cells procumbent; 1/4: S 4 rays per mm;
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384 TIMBERS2

1/5: 4-12 rays per min.
(L. Awoyemi, P. E. Gasson & E. A. Wheeler)

Growth and development Young trees re-
quire shade and grow slowly, with a mean an-
nual growth under good conditions of 20-40 cm
in height. Diameter growth of the stem is slow
untilthe diameter reaches 10 cm, but then it
Increases to 3-4 min/year. The age of a tree
with a hole diameter of 50 cm has been esti-
mated at 200 years. In young trees, the leaves
are peltate, but this condition disappears in
older trees. Leaves fall at the beginning of the
dry season and trees are leaness for about 4.5
months until the rainy season. Trees usually
flower in February-April at the end of the
rainy season, before the leaves fall. They fruit
irregularly; fruits ripen about 4 months after
flowering, mostly near the middle of the dry
season. The fruits, with their long unequal
wings, are dispersed by wind, but they are
rarely found more than 40 in from the mother
tree, indicating that strong winds are needed
for wider dispersal

Ecology Hg2Omolonio Doyroniioccurs in dry
deciduous forest, up to 800 in altitude. The
mean annual rainfallin the area of distribution
is 500-1600 min, with 5-8 dry months, and the
mean annual temperature 20-27'C. Hogo-
inglonio uoyron, jus found on well-drained 10-
canties on deep red ferruginous soils with clay,
alluvial soils and other relatively rich soils,
sometimes on sandy soils.

Propagation and planting Natural regen-
eration seems to be poor or erratic. The fruits
are usually collected from the trees by shaking
the branches, sometimes from the ground, be-
tween the end of June and inId-September. The
fruit stones are extracted manually, sorted by
floating and dried in the sun. There are 600-
800 stones per kg. They can be sown without
pre-treatment. Fruits without wings can be
stored in air-tight containers for up to 6
months, after which the viahinty decreases
rapidly. Fresh stones start germinating after
2-3.5 weeks and the germination rate is about
30%. Immersion of fresh stones in water for 6
hours increases the germination rate to 60-
80%. The stones are sown under shade in
nursery beds at a spacing of 10 cm x 10 cm.
The seedlings stay in the nursery for 12-18
months, when they have reached 30-50(-70)
cm in height and 1.5 cm in stem diameter at
the collar. Planting out is most successful in
the dry season (survival rate of 67% versus
42% in the rainy season). CDPpice shoots of
more than 10 cm in diameter have also been

used for propagation.
Propagation tests showed poor results for cut-
tings, which did not root well. In-vitro propaga-
tion on a modified Murashige and Skoog medi-
urn gave nearly 90% success.

Management Hg2Omo!onto uoyronii has
been used for enrichment planting. Seedlings
of 30-70 cm tall with clipped roots are planted
in close lines. They should be planted in light
shade

Diseases and pests The fruits often fall off
prematurely and are often parasitized by in-
sects. Seedlings and saplings are attacked by
the Malagasy giant rat (Hypogeomys ontime-
rig)

Genetic resources HG2Omolonio uoyroniiis
fairly widespread in western Madagascar, but
it has become under high pressure because of
over-exploitation for the valuable wood and for
the bark valued in medicinal preparations.
Already in the early 1970s, it was nearly jin-
posslble to find larger trees. Protection seems
to be needed at present, but inventories of the
remaining stands should confirm this

Prospects Hg2Omolonio Doyronit is a tree
with great cultural value which has been used
traditionally by the local population, both for
its highly esteemed timber and in traditional
medicine. The wood is lightweight and easy to
work, and additionally fairly durable, which
makes it usable for many purposes. The bark
has a reputation of an important medicine to
combat malaria.

Hg2Omolonio Doyron, i deserves to be protected.
More studies on propagation, planting and
suitable SIIvicultural management are needed
to safeguard its role as a timber producer of
some commercial Importance. Pharmacological
studies support the traditional use of Hogo-
indigitio Doyronii bark extracts against malar-
Ia, particularly as an adjuvant to chloroquine
This might offer possibilities for new drug de-
velopment, but additional studies are needed

Major references Blaser at a1. , 1993; Bolza
& Keating, 1972; CanIato & Puncelli, 2003;
Capuron, 1966g; CFPF, 2008; Ramahaimanan-
Iat0, 2008; Randrianarivelojosoa, 1992; Ra-
soanaivo at a1. , 1998; Ratsimamanga Urverg at
a1. , 1994a; Takahashi, 1978.

Other references Bolteau, Bolteau & A1-
10rge-Boiteau, 1999; Capuron, 1966f; Chalcat at
a1. , 1997; Decary, 1946; Gu6neau, 1971a;
Gu6neau & Gu6neau, 1969; Gu6neau, Bedel &
Thie1, 1970-1975; Kubitzki, 1993b; Parant,
Chichignoud & Rakotova0, 1985; Rakotovao at
al. , en preparation; Ramaroson & Ravoavy,



1988; Ratsimamanga Urverg at a1. , 1994b; Sal-
Ienave, 1955; Sallenave, 1964; Schatz, 2001

Sources of illustration Capuron, 1966g;
Kubitzki, 1993b.

Authors R. H. M. J. Lemmens & D. Louppe

HEISTERIAPARVIFOLIA Sin

Protologue Rees, Cyc1. 17: He1steria 3 (1811).
Family 01acaceae
Chromosome number2n= 38

Origin and geographic distribution Heiste-
rig perruifolio occurs from Senegal and south-
western Mali eastward to the Central African

Republic and southward to DR Congo and
northern Angola; possibly also in Uganda and
southern Sudan.

Uses The wood of Heistenoporuifolio is used
for construction, poles, piles, carpentry, pan-
sades and tool handles. The flexibility of stems
and wood make them suitable for making
bows, arrows, snares, springs, fishing spears
and other fishing goods. The wood is also used
as firewood.

The glossy, dark green leaves and enlarged
scarlet calyx persisting on the developing fruit
make the shrub or tree an attractive ornamen-

tal. In several areas the fruits are eaten fresh;
the small oil-rich seeds are eaten fresh, roasted
or cooked. The twigs are used as chew-sticks.
The leaves are used to line baskets for carrying
fruits. In Congo leaves have been used to dye
shields

In traditional medicine in Ghana, ground roots
are applied as enema against stomach-ache. In
Congo sap from the root bark is dropped into
the nose against migraine and into the eye to

treat painful, infected eyes. Stem bark is taken
in Ghana, C6te d'Ivoire and DR Congo as a
cough medicine. In Gabon bark is applied to
circumcision wounds. In Ghana and C6te

d'TVoire leaf decoctions are taken or applied as
a bath to invigorate rachitic children and to
treat convulsions. They are also used as anal-
gesic and rubbed onto painful breasts of young
mothers, and in Sierra Leone to treat tooth-
ache. In Congo leaf decoctions are adminis-
tered against asthma, costal pain, stomach
pain and menstrual problems. Ground seeds
are used to stupefy fish. In DR Congo powdered
bark is an ingredient in the preparation of ar-
row poison

Production and international trade The

various products of Heistorto perruifo!to are
only traded locally

Properties The wood is pinkish grey to pale
brown, heavy and hard. The texture is fine
The seed kernel contains about 50% fat and

has a nice flavour like hazel-nut. The fatty acid
composition is reported as: mainly long-chain
(CT6-C28) saturated fatty acids 18.5%, oleic
acid 31%, other mono and di-enoic fatty acids
5%; in addition several rare fatty acids are
present, including trans-unsaturated acids.
Leaves contain some tannin

Botany Evergreen shrub or smalltree up to
15(-20) in tall; bole up to 40(-60) cm in diame-
ter, slightly fluted at base or with thin but-
tresses; bark surface finely fissured, grey to
dark brown, inner bark pinkish with a reddish
resin; crown with long, arching branches,
drooping and much-branched at the ends;twigs
slightly winged or ridged, glabrous and often
with conspicuous lenticels. Leaves alternate,
simple and entire; stipules absent; petiole 0. 5-
1.5 cm long, grooved above; blade elliptical to
oblong or lanceolate, 6-25 cm x 2.5-12 cm,
base rounded or curieate, apex acuminate,
leathery, margin slightly mrolled, glabrous,
pinnately veined with (5-)6-11 pairs of lateral
veins. Inflorescence an axillary fascicle. Flow-
ers bisexual, regular, 5-merous, creamy to
greenish white, very small; pedice1 1.5-4 mm
long, elongating in fruit; calyx lobes deltoid, c.
I mm long; petals free, oblong-lanceolate, 2-2.5
mm long; stamens free, in 2 whorls, those of
outer whorl slightly longer than those of inner
one; ovary superior, 3-celled. Fruit an ellipsoid
drupe 10-12 min x 6-8 min, whitish to green-
ish, enclosed by the enlarged, reddish brown to
dark red calyx lobes up to 3 cm long; stone el-
lipsoid, 7-9 min x 4-6 min, I-seeded. Seeds oily.
Seedling with epigeal germination; hypocotyl

HEisTERiA 385

I
.

Heistenoporuifolio - wild

..

o

.^

..



386 TIMBERS2

5-8 cm long, epicotyl c. I cm long; cotyledons
leafy, elliptical, 2-3.5 cm long; first leaves al-
ternate.

In several regions Heisteno porut/10ro can be
found flowering and fruiting nearly throughout
the year. Numerous animals eat the fruits and
serve as seed dispersers
Hatsterio comprises about 65 species in tropical
America and 3 in tropical Africa. The wood of
the other African Heisteno species is used for
similar purposes as that of Heistenoporuifo!io.
Heistorto trillesiono Pierre is a shrub or small

to medium-sized tree up to 20 in tall with hole
branchless for up to 7 in and up to 40 cm in
diameter, occurring in Cameroon and Gabon
Its wood is white to yellow with a pinkish hue,
strong and hard but easy to split, and is proba-
bly used for similar purposes as that of
Heisteno paruifolio. The oily seed kernels are
eaten raw or boiled, but are said to cause colic
Hatsterio zimmereri Engl. is a shrub or sinaU
tree up to 7(-15) in tallwith straight hole up to
50 cm in diameter, occurring in Cameroon,
Equatorial Guinea, Gabon, Congo, DR Congo
and Cabinda (Angola). Its pinkish grey wood is
used for house posts, joinery and utensils. The
oily seed kernels are eaten raw or boiled. Sev-
eral parts of the plant have applications in
traditional medicine similar to Heistortoporui-
folio-

Ecology Heistoner poruifolio occurs in a va-
nety of habitats, in the understorey of ever-
green moist rainforest, coastal and riverIne
forest and primary upland forest, but also in
seasonalIy flooded forest, swamp forest, Rophio
forest and occasionally in thickets in savanna
and secondary forest, from sea-levelup to 1450
in altitude. In Ghana it has been reported to be
strongly associated with acid, base-poor soils,
and in C6te d'Ivoire it is locally abundant on
sandy soils.

Management Heisteno poruifolio is easily
propagated by seed. There are about 1000
seeds per kg. Germination takes 24 weeks
with a success rate of 50-60%.

Genetic resources and breeding Heistoner
perruifolio is very widespread and there are no
indications that it is in danger of genetic ero-

Major references Keay, 1958h; Lucas,
1968b; Malaisse, N'Gasse & Lognay, 2004;
Nickrent, 1997; Viniers, 1973a.

Other references Aubr6viUe, 1959b; de
Koning, 1983; de in Mensbruge, 1966; Hall &
Swame, 1981; Hawthorne, 1995; Irvine, 1961;
Louis & Leonard, 1948; Viniers, 1973b; Vivien
& Faure, 1985; Vivien & Faure, 1996.

Authors L. FA. Oyen

HDCALOBUSCRISPiFLORUSARIch.

Protologue Hist. phys. Cuba, PI. vasc. I: 43
(1845)

Family Annonaceae
Origin and geographic distribution Hero-

lobus crispi/107us occurs from Guinea Bissau
east to southern Sudan, and south to Gabon
and DR Congo

Uses The wood, known as 'owui' in Came-
roon and Gabon and as 'duabaha' in Ghana, is
used for house construction, joinery, knife-
handles, gun-butts, paddles and shingles. It is
suitable for flooring, interior trim, ship build-
ing, vehicle bodies, furniture, cabinet work,
mine props, sporting goods, toys, novelties,
agricultural implements, boxes, crates, vats,
turnery, hardboard, particleboard and pulp-
wood

The fruit is edible; it is eaten fresh. The outer
part of the pulp is firm and has a slightly tart
taste, the inner part surrounding the seeds is
jelly-like and sweet. The inner bark is used as
a masticatory together with kola nut. Bark
decoctions are used in a bath to treat fever and

skin troubles. Ahark macerate is taken to treat

venereal diseases, and pulped bark is applied

SIOn

Prospects Heistend poruifolio is likely to
remain a producer of timber and firewood of
minor importance; also the fruit and seed ker-
nels are likely to remain of local food use only.
The seed oil may gain importance as a source
of rare fatty acids. The many medicinal uses
warrantfurther pharmacologicalresearch

.
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to wounds, furuncles and swollen glands. A
decoction of the twig bark is drunk as emetic
and purgative. In Garnero0n the bark is used to
treat gonorrhoea and syphilis. In Sierra Leone
the bark is stripped off from young trees and
used as fibre

Production and international trade The

wood is nottraded on the international market

and only used domestically. The stem bark is
sometimes traded on local markets. In 2002 in

markets in Yaound6 (Cameroon) I kg of bark
was sold at a price of 3000 FCFA

Properties The heartwood is pale yellow to
pinkish or pale brown and not distinctly de-
marcated from the sapwood. The grain is
straight, texture fine. The wood is slightly
streaked on quarter-sawn and backsawn sur-
faces, and is lustrous
The wood is medium-weight, with a density of
530-600 kg/in3 at 12% moisture content. The
rates of shrinkage during drying are moderate
At 12% moisture content, the modulus of rup-
ture is 94-1/1 N/mm2, compression parallel to
grain 49-53 N/min2, cleavage 18-22.5 N/mm
and Chalais-Mendon side hardness 1.8-2.4

The wood works readily with both hand and
machine tools, but is difficult to saw and peel
because of the sinuous and strongly fluted logs
It planes well and takes a nice polish. The
wood seems to have fair nailing properties. It is
moderately durable. It shows some resistance
to attacks by termltes and marine borers, but
is susceptible to Lyetus attack. The heartwood
Is resistant to impregnation with preserva-
tives, the sapwood moderately resistant.
Bark, wood and leaves contain alkaloids, with
the bark having the highest concentration
(0.64% on a dry weight basis). An essential oil
was isolated from the bark; this oil has a high
sesquiterpene content (99.5%). The oil showed
distinct activity against the W2 strain of PIOs-
mothum foieiporum. Nerolidol, which is pre-
sent in the oil at a concentration of about 3%,
may be partly responsible for the antiplasmo-
dial activity. Diprenylated indoles, called hexa-
lobines, with significant antifungal activity,
have been isolated from the bark

Description Small to medium-sized tree up
to 30 in tall; hole branchless for up to 15(-27)
in, often sinuous, up to 100,140) cm in diame-
ter, strongly fluted; bark surface longitudinalIy
fissured and becoming scaly with small elon-
gate scales, greyish brown, Inner bark soft,
fibrous and yellowish turning orange upon
exposure, slightly scented; crown rounded, with
ascending branches; twigs short-hairy to nearly

3
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glabrous. Leaves alternate and distichous,
simple and entire; stipules absent; petiole 3-6
mm long; blade elliptical to ovate-lanceolate,
7.5-23 cm x 3-8 cm, obtuse to rounded and
slightly asymmetrical at base, acuminate at
apex, papery to thin-leathery, usually short-
hairy below, pinnately veined with 12-18 pairs
of lateral veins. Inflorescence an axillary fasci-
cle of I-3 flowers. Flowers bisexual, regular, 3-
meTous; pedice1 0.5-1.5 cm long; sepals free,
ovate to elliptical-ovate, I-2 cm long, reflexed,
hairy; petals in 2 whorls, narrowly oblong, 2.5-
8.5 cm long, fused at base, crispy at margins,
short-hairy, pale yellow; stamens numerous,
with short filaments and oblong-linear arithers
3-4 mm long; carpels 7-10, 4-5 min long, ova-
Ties oblong, hairy, stigmas 2-lobed. Fruit con-
SISting of up to 4 indehiscent, oblong follicles
8-9 cm x 4-5 cm, finely wrinkled and rusty
brown hairy, many-seeded. Seeds flattened-
ellipsoid, 3-4 cm long. Seedling with epigeal
germination; hypocoty1 10-12 cm long, epicotyl
2-3 cm long; cotyledons leafy, broadly ellipti-
cal, c. 4 cm x 2 cm; first leaves alternate
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Other botanical information Herolobt, s

comprises 4 species and is confined to main-
land tropical Africa. It is most closely related to
Uuoriostrum andAsteronthe

Hero!o6us soncifolius Engl. closely resembles
Herolobus crispt/10rus, differing in usually
smaller leaves and smaller fruits. It is a medi-

urn-sized tree up to 35 in tall with bole up to
100 cm in diameter, and has been recorded
from Gamero0n, Equatorial Guinea and Gabon,
and doubtfulIy from C6te d'TVoire. It is un-
doubtedIy used for similar purposes as Herolo-
bus crispi/10rus.

Growth and development Growth of Hero-
lobus crispi/10rus seems to be rather slow. A
tree planted in DR Congo did not yet flower 8
years after planting. In C6te d'TVoire trees
flower in April-May and in September

Ecology Herolobus crispiftorus occurs usual-
Iy scattered in dense, humid, mainly semi-
deciduous forest. It is most common in undis-

turbed forest. It is often found along rivers, and
can penetrate savanna regions through gallery
forest. It prefers deep, well-drained soils with
good water-retaining capacity.

Propagation and planting Artificial prop-
agation is only done by seed. One kg contains
about 600 seeds. Germination starts I-3

months after sowing, and the germination rate
is about 80%. Seedlings seem to require partial
shade for good growth and survival. Planting
distance should be up to 6 in x 6 in.

Management Herolobus crispi/107us usually
occurs in low densities in the forest. In Came-

roon, an average density of 0.14 hole of more
than 15 cm in diameter per ha has been rec-
orded, with an average wood volume of 0.5
ing/ha. In Gabon the average wood volume is
0.8 in31ha. In Ghana a minimum hole diameter

of 70 cm has been recommended for felling
Yield A hole harvested in DR Congo of 27 in

long and 140 cm in diameter yielded 26.5 ina of
wood

Genetic resources Hero!o6us crispiftorus is
widespread and does not seem to be in jinme-
diate danger of genetic erosion. However, it
usually occurs in low densities in the forest and
prefers undisturbed forest, which may make it
vulnerable with declineongoing In primary
forest area.

Prospects Herolobus crispi/10rus is a multi-
purpose tree with local importance for people
living in or close to the forest. It yields not only
wood, but also edible fruits and products used
in traditional medicine. Its importance as a
commercial timber tree is limited because of

the scattered occurrence in the forest and its

poor hole shape. It could be promoted for plant-
ing as a fruit tree, but research is needed on
propagation methods and proper management
of planted trees. The bark seems to have pro-
spects for drug development against malaria

Major references Bo}za & Keating, 1972;
Boyom at a1. , 2003; Burki11, 1985; Danforth &
Noren, 1997; Fouarge & Oofard, 1964; to
Thomas, 1969; 0teng-Amoako (Editor), 2006;
Takahashi, 1978; Vivien & Faure, 1985; Vivien
& Faure, 1996

Other references Abbiw, 1990; Achenbach,
Renner & Waibe1, 1995; Ak6 Assi at a1. , 1985;
Aubr6ville, 1959b; Bouquet & Debray, 1974;
Boutique, 1951; de in Mensbruge, 1966; de
Saint-Aubin, 1963; Hawthorne, 1995; Haw-
thorne & Jongkind, 2006; Irvine, 1961; Keay,
1989; Neuwinger, 2000; Normand & Paquis,
1976; Okpoti-Pau10, 1990; Raponda-Walker &
Sillans, 1961; Sallenave, 1955; Tailfer, 1989;
Wilks & TSSemb6, 2000.

Sources of illustration ITvine, 1961; Wilks
& Issemb6, 2000.

Authors G. D. Djagbletey

HEWOODIALUCENSSim

Protologue For. fl. Cape: 326 (1907)
Family Euphorbiaceae (APG: PhyUanthaceae)
Vernacular names Stink ebony, Capeebony

(En).
Origin and geographic distribution Hey-

woodio Iucens has a disjunct distribution, oc-
curring from Kenya and Uganda to northern
Tanzania, and then again more than 2600 kin
to the south from the southern part of Mozam-
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bique to northern and eastern South Africa and
Swaziland

Uses The wood, known as 'Cape ebony' or
'stink ebony' in South Africa, is used for poles,
agricultural implements, sledges, tool handles
and wooden spoons. It is suitable for heavy
construction, flooring, joinery, Interior trim,
furniture, railway sleepers, toys, novelties and
veneer, and also for precision and musical in-
struments. It is used as firewood and for char-

coalproduction.
Production and international trade The

wood of Heywoodio lurens is only traded local-
Iy

Properties The heartwood is dark purplish
to nearly black, and distinctly demarcated from
the narrow sapwood. The grain is usually
straight, texture coarse and even. The wood
has a foetid smell. It is heavy, with a density of
South-African wood in green condition (at 51%
moisture content) of 1010-1140 kg/ina and at
10% moisture content of 780-960 kg/ina. It is
hard and strong. The rates of shrinkage are
moderate, from green to oven dry 4.7% radial
and 7.0% tangential. At 12% moisture content,
the modulus of rupture is 121 N/mm2, modulus
of elasticity 13,820 N/mm2, compression paral-
lei to grain 64 N/mm2, shear 16 N/min2, Janka
side hardness 9515 N and Janka end hardness

12,045 N.
Notwithstanding its high density and hard-
ness, the wood works fairly well. Upon finish-
ing, it takes a nice polish and is especially Ius-
trous when quarter-sawn. It produces sliced
veneer of good quality. The wood is moderately
durable, being moderately resistant to termites
and other insects, but the sapwood is suscepti-
ble to Lyctus attack. The heartwood is moder-
ately resistant to impregnation with preserva-
tives

Botany Evergreen, dioecious, medium-sized
tree up to 30 in tall; bole cylindrical, up to
100(-150) cm in diameter; bark silvery green to
grey-brown or dark brown, irregularly peeling
in thin, patchy pieces c. 5 cm long; crown
much-branched; twigs 4-angled at first, soon
becoming rounded, glabrous, pale greyish
brown. Leaves alternate, simple and entire;
stipules triangular, I-1.5 min long, early cadu-
cous; petiole I-2(-4) cm long; blade broadly
ovate to elliptical-ovate, 4-15(-25) cm x 2-12(-
15) cm, curieate to rounded or truncate at base,
short-acuminate at apex, leathery, glabrous,
pinnately veined with 5-8(-13) pairs of lateral
veins. Inflorescence an axillary fascicle, many-
flowered in male inflorescence, I-3-flowered in

female one, glabrous; bracts up to 4, trans-
versely ovate, c. I mm x 1.5 min, margin irreg-
ularly toothed. Flowers unisexual, regular,
greenish; sepals (2-)3, free, resembling the
bracts but slightly larger; petals 5(-6), free,
elliptical-oblong, 2-2.5 mm long; disk slightly
lobed; male flowers sessile, stamens (8-)10-
TIC12), free, in 2 whorls, c. 3 mm long, rudi-
meritary ovary minute; female flowers with 3-5
min long pedicel, rudimentary stamens c. I mm
long, ovary superior, ovoid to globose, c. 1.5
mm long, 4-5-celled, with 4-5 sessile, 2-lobed
stigmas. Fruit a slightly depressed globose,
shallowly 8-10-10bed capsule c. I cm x 1.5 cm,
greenish, splitting in 4-5 parts, each splitting
again into 2, up to 5-seeded. Seeds obliquely
ovoid, 7-8 min x 5-6 min, smooth, pale brown
to dark brown

The leaves of juvenile trees are slightly peltate,
with the stalk not attached to the margin of the
leaf blade but to the lower surface. The flower-

ing period of trees seems to be quite long, and
fruit in various stages of development can be
found on a tree at one time. Heywoodio coin-
prises a single species

Ecology In East Africa Heywoodio toeens
occurs in evergreen forest, riverIne forest or the
slightly drier parts of swamp forest, at 1150-
1800 in altitude. It is often found on termite

mounds, and is commonly dominant or may
even form pure stands. In southern Africa it
inhabits coastal evergreen forest, often growing
on river banks, up to 600 in altitude. Hey-
woodier Iucens often grows gregariously in ra-
ther small groups of trees. In South Africa it is
usually found on fairly dry, sandy soils

Management Studies in eastern South Mri-
ca indicate that regeneration of Heywoodio
Iucens is poor, although it has also been report-
ed that young trees are common in the deep
shade of adult trees. Heywoodio Iucens proba-
bly does not coppice

Genetic resources and breeding Heywoo-
did Iucens has a wide although disjunct distri-
bution, and there are no indications that it is
subject to genetic erosion. However, in Swazi-
land it is considered endangered. In coastal
forest in South Africa, it is locally heavily ex-
PIOited in communal forests, but common in
state forests.

Prospects The heavy, hard and strong, but
foetid smelling wood is likely to remain of local
importance. Too little is known on growth
rates, ecological requirements and regenera-
tion of Heywoodio hirerIs to assess its prospects
as a commercial timber tree in sustainably
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managed forest
Major references Bolza & Keating, 1972;

Coates Palgrave, 2002; Milne-Redhead, 1957;
Palmer & Pitman, 1972-1974; Radcliffe-Smith,
1987a.

Other references Lovett, Ruffo & Gereau,
2003; Obiri & Lawes, 2004; Objri, Lawes &
Mukolwe, 2002; Radcliffe-Smith, 1995; Rad-
cliffe-Smith, 1996; Takahashi, 1978;
Vuuren, Banks & Stohr, 1978

Authors L. FA. Oyen

HOLOPTELEAGRANDIS (Hutch. ) Mildbr.

Protologue Notizbl. Bot. Gart. Berlin-
Dahlem a 53 (1921)

Family Ulmaceae
Chromosome number2n=28

Vernacular names Orange-barked termi-
nana (En)

Origin and geographic distribution HOJO-
pteleo grondis occurs from C6te d'TVoire east to
Sudan and Uganda and south to DR Congo and
Cabinda (ingola).

Uses The wood of HOJOpteleo grondis, some-
times traded as 'cedar','kekele','mumuli' 'ayo'
and 'bell', is mainly used for construction, floor-
ing, joinery, Interior trim, furniture, ladders,
toys, novelties, boxes, crates, food containers,
tool handles, canoes, turnery, matches, hard-
board and particleboard. It is suitable for ship
building, mine props, railway sleepers, veneer,
plywood and pulpwood. It is also used as fire-
wood and for charcoal production.
Several plant parts are used in traditional
medicine. In Nigeria macerations of roots and
bark are applied as poultice for treating rheu-

matism. A bark infusion is drunk as an an-

theImintic and the seeds are eaten as a laxa-

tive. In C6te d'Ivoire crushed leaves are applied
as plaster to treat oedema and piles. The leaf
sap is instilled into the eye to relief ophthal-
inia. In the Central African Republic washing
the body with water mixed with pulped bark is
considered to have a strengthening effect. HOJO-
pteleo grondis Is sometimes planted as an or-
namentaland roadside tree.

Production and international trade The

timber is rarely traded internationally and is
mainly used locally, but in several countries it
figures on lists of timbers to be promoted.

Properties The heartwood is creamy white
to pale yellowish brown and indistinctly de-
marcated from the sapwood. The grain is
straight to interlocked, texture moderately fine
and even. The wood is slightly lustrous
The wood is medium-weight, with a density of
625-700(-765) kg/ina at 12% moisture content,
and soft to fairly hard. It dries fairly rapidly
and well, but careful drying is recommended,
especially the usage of thinner piling sticks in
air drying to avoid case-hardening and mild
drying schedules in kiln drying. The shrinkage
rates are quite high, from green to oven dry
4.0-4.8% radial and 7.5-9.8% tangential. Once
dry, the wood is moderately stable in service
At 12% moisture content, the modulus of rup-
ture is 105-147 N/min2, modulus of elasticity
10,000-14,900 N/min2, compression parallel to
grain 49-64 N/min2, cleavage 14-20 N/mm and
Chalais-Meudon side hardness 2.7-3.6.

The wood saws and works wellwith both hand

and machine tools, with moderate blunting
effect on cutting edges. Occasional picking up
may occur in quarter-sawn material due to the
presence of interlocked grain. The wood sands
and finishes very well, and has good jointing
and moulding properties. Nailing properties
are variable, boring and mortising properties
satisfactory. The wood glues and paints well. It
is suitable for peeling and slicing
The wood has a low to moderate durability. It
is susceptible to fungal attacks and moderately
susceptible to termite and marine borer at-
tacks. The heartwood is moderately resistant
to treatment with preservatives, sapwood is
permeable. The wood has a reputation of burn-
ing slowly and evenly and therefore has been
used for torches. The bark has an iodine-like

smell, which is said to repel elephants.
Description Deciduous medium-sized to

large tree up to 50 in tall; hole branchless for
up to 30 in, straight or slightly wavy, up to 120

van
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with short stipe, with papery, radially veined
wings with notch at apex, nut in lower half of
the wings, 9-13 mm x 6-8 mm, I-seeded. Seed
flattened, c. 6 mm x 4 mm. Seedling with epi-
geal germination; hypocoty1 2.5-3.5 cm long,
slightly hairy, epicoty1 I-2.5 cm long; cotyle-
dons slightly fleshy, 2-lobed, shortly stalked;
first two leaves opposite, distinctly toothed

Other botanical information Holopte!eo
comprises 2 species, one of them in tropical
Africa and one in tropical Asia.

Anatomy Wood-anatointcal description CAWA
hardwood codes):
Growth rings: I: growth ring boundaries dis-
tinct; 2: growth ring boundaries indistinct or
absent. Vessels: 5: wood diffuse-porous; 13:
simple perforation plates; 22: intervessel pits
alternate; (23: shape of alternate pits polygo-
na1); 26:intervesselpits medium (7-10 prn); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 31: vessel-ray pits with much re-
duced borders to apparently simple: pits
rounded or angular; 42: mean tangential diam-
eter of vessellumina 100-200 prn; 47: 5-20
vessels per square minimetre; (56: tyloses
common). Tracheids and fibres: 61: fibres with
simple to minutely bordered pits; 66: non-
septate fibres present; 69: fibres thin- to thick-
walled; (70: fibres very thick-walled). Axial
parenchyma: 78: axial parenchyma scanty par-
atrachea1; 79: axial parenchyma vasicentric;
80: axial parenchyma allform; 82: axial paren-
chyma winged-allform; 83: axial parenchyma
confluent; (89: axial parenchyma in marginal
or in seemingly marginal bands); (91: two cells
per parenchyma strand); 92: four (3-4) cells per
parenchyma strand. Rays: 97: ray width I-3
cells; (98: larger rays commonly 4- to 10-
senate); (104: all ray cells procumbent); 106
body ray cells procumbent with one row of up-
right and/or square marginal cells; 1/5: 4-12
rays per mm. Stoned structure: 118: all rays
stoned; 1/9: low rays stoned, high rays non-
stoned; 120: axial parenchyma and/or vessel
elements stoned; 122: rays and/or axial ele-
merits irregularly stoned. Mineral inclusions
(157: crystals in tyloses).
(E. Ebanyenle, P. E. Gasson & E. A. Wheeler)

Growth and development HOJOpte!eggron-
dis is a light-demanding species which grows
rapidly. In C6te d'Ivoire trees usually flower in
January and fruits mature in February-March
when twigs are leaness. Fruiting mostly occurs
on trees with a hole of at least 60 cm in diame-

ter, but sometimes fruits can be observed in

HOJOpteleo grondis - I, fruiting twig, 2, mole
flower, . 3, bisexuol/lower.
Source. . F10re origlytique du B6nin
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cm diameter, slightly fluted at the base or with
steep buttresses up to 3(-6) in high; bark sur-
face smooth or rough, usually cracking longitu-
dinally, greyish to yellowish or pale orange,
inner bark hard, granular, yellowish brown
with green outer layer; crown irregular, with
branches drooping at tips; twigs corky, with
many lenticels, glabrous. Leaves alternate,
simple and entire; stipules linear, 3-5 min
long, short-hairy, caducous; petiole 0.5-I cm
long, blackish; blade ovate to elliptical, 5-18
cm x 3-9.5 cm, rounded to cordate at base,
short-acuminate at apex, papery or slightly
leathery, with many small whitish dots, rough
to the tough, glabrous or hairy on veins be-
neath, pinnately veined with 5-8 pairs of Iat-
eral veins. Inflorescence a cyme up to 4 cm
long, usually in the axils of fallen leaves, with
few-many male flowers at base and few bisex-
ualflowers higher up. Flowers unisexual or
bisexual; pedicel slender, 4--8 mm long; tepals
4-6, I-2 min long; stamens 7-12, free; ovary
superior, flattened, styles 2, spreading, 4-6
mm long, persistent; male flowers with rudi-
meritary ovary. Fruit a rounded to obovoid
winged nut (samara), 3.5-4.5 cm x 2.5-3.5 cm,
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young trees with a hole of hardly over 18 cm in
diameter. The fruits are dispersed by wind

Ecology In West and Central Africa Hojo-
pteleo grondis is most common in semi-
deciduous forest, but it can also be found scat-
tered in moist evergreen forest, riverme forest
and sometimes even in savanna forest. It is

most abundant in logged or otherwise dis-
turbed forest, including burnt forest. In C6te
d'Ivoire it has often been found together with
Triplochiton seieroxy!on K. Schum. In Uganda
it occurs up to 1200 in altitude

Propagation and planting HOJOpteleugron-
dis is a pioneer species and seedlings and sap-
lings are commonly found in canopy gaps and
in abandoned agricultural fields. It produces a
lot of fruits and natural regeneration readily
occurs. For planting, it is propagated by fruits
which are easily collected near fruiting trees
There are 13,200-15,400 fruits/kg. Fruits can
be stored in a cool and dry place. It is recoin-
mended to sow fruits in seed beds and to

transplant into pots later. Sowing can be done
with the fruit wings stillpresent; pretreatment
before sowing is not necessary. Seeds germi-
nate abundantly after 5-10 days

Management Hojopteleo grondts requires
tending during the Initial growing stages until
plants are established. In Uganda planting
either in pure stands or with an intercrop of
coffee or banana is recommended.

Yield In DR Congo a bole of 17 in long with a
diameter of 86 cm yielded 6.3 ms of wood

Handling after harvest It is recommended
to treat the logs with preservatives soon after
felling.

Genetic resources HOJOpte!eo grondis is
fairly widespread and common in many re-
gions, and therefore unlikely to suffer from
genetic erosion

Prospects Even though its commercial jin-
portance as timber tree is actually limited,
Holopte!eggrondts is a fast-growing tree with a
potential to yield timber and fuel in a short
time, and is probably of some commercial jin-
portance in the near future. It can be consid-
ered suitable for commercial plantations and
agroforestry systems, also because it has pro-
spects for use as a shade tree. Further research
is however warranted on growth and manage-
merit practices.

Major references ATIBT, 1986; Bolza &
Keating, 1972; Burki11, 2000; CTRAD Forestry
Department, 2008; Fouarge & G6rard, 1964; Ka-
tende, Birnie & Tengnas, 1995; 0teng-Amoako
(Editor), 2006; Polhi11, 1966; Takahashi, 1978;

Vivien & Faure, 1985
Other references Ak6 Assi at a1. , 1985;

Ako6gninou, van der Burg & van der Maesen
(Editors), 2006; Baker & Wright, 1909-19/3;
de in Mensbruge, 1966; Eggeling & Dale, 1951;
Hauman, 1948; Hawthorne, 1995; Hawthorne
& Jongkind, 2006; Irvine, 1961; Keay, 19581;
Keay, 1989; Laws, 1970; Letouzey, 1968; Neu-
winger, 2000; Normand & Paquis, 1976;
Ogunkunle & 01adele, 2004; Plumptre, 1996;
Safou-Tchiamaa at a1. , 2007; Salzmann &
Hoelzmann, 2005; Sokpon, 1995.

Sources of illustration Ako6gninou, van
der Burg & van der Maesen (Editors), 2006.

Authors E. A. Obeng

HOMALIUMLETESTUIPellegr.

Protologue Bull. Mus. natl. Hist. nat. 27(2)
193 (1921).

Family F1acourtiaceae (APG: Salicaceae)
Synonyms Homolium doltchophy!Ium GIIg

(1921)
Vernacular names African hornalium (En)
Origin and geographic distribution Homo-

Jinm letestut occurs from Senegal east to the
Central African Republic and south to western
DR Congo and Cabinda (Angola)

Uses The wood, most commonly known as
'African hornalium' or 'meIefoufou' is common-

Iy used for posts in house building, and for
joinery and boards. It is suitable for heavy con-
struction, heavy flooring, interior trim, mine
props, ship building, vehicle bodies, railway
sleepers, furniture, sporting goods, toys, novel-
ties, agricultural implements and carvings
Bark sap is applied as enema and bark pulp

,
.

HomolLum letestui- coild
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rubbed in to treat oedema. Bark decoctions are

taken in mixtures to treat orchitis and as tonic

for women after childbirth. Root extracts are

administered to treat malaria. The tree is deco-

rative with its showy flowers, fruits and red-
dish young leaves, and Is sometimes planted as
ornamental

Production and international trade The

wood is used locally and has no importance on
the international timber market

Properties The heartwood is whitish yellow
to pale brown, sometimes with darker streaks,
and indistinctly demarcated from the yellowish
sapwood. The grain is straight or interlocked,
texture fine.

The wood is heavy, with a density of about 870
kg/ina at 12% moisture content, and hard. It
should be air dried slowly and carefully be-
cause the rates of shrinkage are high, from
green to oven dry 7.0-7.5% radial and 9.6-
10.5% tangential. At 12% moisture content, the
modulus of rupture is 160 N/min2, modulus of
elasticity 18,230 N/mm2, compression parallel
to grain 70 N/min2, shear 9 N/min2, cleavage
21.5 N/mm and Chalais-Meudon side hardness

5.6

The wood is easy to saw and work, but stellite-
tipped saw teeth and tungsten-carbide tipped
cutting tools are recommended because the
wood is hard and contains silica. It can be

planed and finished smoothly. The steam bend-
ing properties are satisfactory. The wood is
rather durable, being fairly resistant to wood-
boring insects and marine borers. It Is re-
SIStantto impregnation with preservatives.
Ethanolic root extracts showed significant in-
vivo antiplasmodial activity in tests with mice,
coinparable to that of chloroquine. Experi-
merits with streptozotocin-induced diabetic
rats showed antidiabetic activity coinparable to
that of the reference drug glibenclamide

Description Evergreen or deciduous, medi-
urn-sized tree up to 30(-35) in tall; hole branch-
less for up to 20 in, straight and cylindrical, up
to 90 cm in diameter, thickened at base or with
small buttresses; bark surface smooth, becoin-
ing scaly with small scales, yellowish grey to
greyish brown or red-brown, inner bark granu-
Iar, whitish with yellow-orange blotches; crown
small, with short and horizontal branches;
twigs glabrous. Leaves alternate, simple; stip-
ules lanceolate, small, early caducous; petiole
3-6(-8) min long; blade usually oblong, (10-)
15-30 cm x 6-12(-18) cm, cordate at base,
short-acuminate at apex, margins wavy to ob-
tusely toothed, leathery, glabrous, pinnately
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Homolium letestui- I, 60se o1601e, ' 2, flowering
twig, 3, flower, . 4, fruit.
Redro"it und udopted by J. M. de Vries

veined with up to 12 pairs of lateral veins. In-
florescence a terminal panicle, consisting of
several spikes up to 20 cm long, greyish hairy,
many-flowered. Flowers bisexual, regular, 5(-
6)-merous, greenish white or cream-coloured;
pedicelup to I mm long; calyx top-shaped with
tube c. 2.5 min long and lobes c. 2.5 mm long;
petals free, spoon-shaped, c. 3 mm long but
enlarging to 10-15 min in fruit, short-hairy;
stamens opposite the petals, alternating with
hairy glands; ovary semi-Inferior, densely
hairy, I-celled, style 4-5-branched, hairy. Fruit
a conical capsule c. 3 mm long, enclosed by the
persistent and enlarging pinkish to reddish
petals, hairy, debtscing with 4-5 valves, few-
seeded. Seeds small. Seedling with epigeal
germination; hypocotylc. 2 cm long, epicoty1 2-
3 min long, hairy; cotyledons leafy, rounded, c.
I cm long; first leaves alternate, toothed.

Other botanical information Homolium

comprises about 200 species and occurs in all
tropical regions. It is related to the African
genera Biuinio, Colontico, Gerrordino and
fitmerio. In tropical Africa approximately 60
species are found, Madagascar being richest
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with nearly 40 species. In tropical Asia Ho-
monum has some Importance as exporttimber,
mainly from Papua New Guinea. The wood of
several other Homolzum spp. is used in main-
land tropical Africa for similar purposes as
that of Homolium letestui.

Homolium of neonum (Hook. f. ) Benth. is a
shrub or small to medium-sized tree up to 25(-
35) in tallwith hole up to 40 cm in diameter. It
is widespread, occurring from Guinea east to
DR Congo and Tanzania, and south to Angola,
Zambia and Mozambique. The yellowish white
to pale brown and hard wood is locally used for
construction, joinery and yam stakes
Homolittm dentotum (Harv. ) Warb. is a medi-
urn-sized to fairly large tree up to 35 in tall. It
occursfrom Malawiand Zambia south to South

Africa and Swaziland. The hard wood is yellow-
ish white with brownish streaks and known as

'brown Ironwood'; it is used for similar purpos-
us as that of Homolium letestui. Bark powder is
taken to treat colic

Homolium longistylum Mast. (synonyms: Ho-
monum oy!inert Hutch. & Dalziel, Homolium
macropterum GIIg) is a medium-sized tree up
to BOG45) in tall with hole up to 50 cm in di-
ameter. It is widespread, occurring from Gum-
ea east to Kenya and Tanzania, and south to
Angola, Zambia and Mozambique. The yellow-
ish white and hard wood is locally used for
posts in house building. The bark sap is ap-
plied to treat chest problems and migraine
Homolium sinythei Hutch. & Dalziel(synonym
Homolium dubreuillei Keay) is a shrub or
smallto medium-sized tree up to 25 in tallwith
hole up to 50 cm in diameter. It occurs in hu-
inId forest from Guinea to C6te d'Ivoire. The

yellowish and hard wood is used for poles in
house building, and for pestles and charcoal
production. Bark ash mixed with palm o111s
applied as anodyne
In Madagascar the wood of several Homo!turn
spp. , known as 'hazombato', is particularly
valued for heavy construction and railway
sleepers because of its durability. It is heavy
and hard, but unstable in service and some-
what brittle.

Homo!turn o16iftorum (Boivin ex Tul. ) 0. Hoffm
is a shrub or small to medium-sized tree up to
20 in tall with hole up to 60 cm in diameter. It
is widespread in Madagascar. Its wood is used
for construction, and as firewood and for char-
coal production. Bark decoctions are used to
treat diabetes, venereal diseases and stomach
complaints, and as diuretic
Homolium PIOni/10r!, in (Botvin ex Tul. ) Baill

is a smalltree up to 15(-30) in tallwith hole up
to 30 cm in diameter. It is widespread in
northern and eastern Madagascar. Its wood is
used for construction, joinery and charcoal pro-
duction. The roots are used to treat gonor-
rhoea, wounds and impotence, and astonic
In Reunion and Mauritiusthe wood of Homoli-

urn pontcu!aturn (Lain. ) Benth. is considered
excellent for construction and joinery. Homo!i-
urn pontcu!otum is a shrub or small to medi-
urn-sized tree up to 30 in tallwith hole up to 60
cm in diameter.

Anatomy Wood-anatointcal description CAWA
hardwood codes):
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
13: simple perforation plates; 22: intervessel
pits alternate; (23: shape of alternate pits po-
Iygona1); 24: intervessel pits minute (S 4 pin);
25: intervessel pits small(4-7 ILm); 30: vessel-
ray pits with distinct borders; similar to inter-
vessel pits in size and shape throughout the
ray cell; 42: mean tangential diameter of vessel
Iumina 100-200 prn; 47: 5-20 vessels per
square minimetre. Tracheids and fibres: 61:
fibres with simple to minutely bordered pits;
65: septate fibres present; 66: non-septate fi-
bres present; 70: fibres very thick-walled. Axial
parenchyma: 75: axial parenchyma absent or
extremely rare; 78: axial parenchyma scanty
paratrachea1; 92: four (3-4) cells per paren.
chyma strand; 93: eight (5-8) cells per paren-
chyma strand; 94: over eight cells per paren-
chyma strand. Rays: 97: ray width I-3 cells;
98: larger rays commonly 4- to 10-senate; 108:
body ray ceUs procumbent with over 4 rows of
upright and/or square marginal cells; 1/5: 4-12
rays per mm; 1/6: z 12 rays per mm. Mineral
inclusions: 136: prismatic crystals present; 137:
prismatic crystals in upright and/or square ray
cells

(L. Awoyemi, P. E. Gasson & E. A. Wheeler)
Growth and development Homolium Ie-

testui has been classified as a non-pioneer light
demander. Seedlings have been found in full
sunlight. They develop a whitish and long tap-
root with fine lateral roots. Initial growth is
slow. The tree is often evergreen, but it can be
deciduous for a short period in the dry season,
developing striking flushes of red young leaves.
In Sierra Leone trees flower in January-May,
in C6te d'Ivoire in September. Ianuary and in
Gabon in January-February. However, they
are more conspicuous when they are fruiting.
The fruits with their large wing-like petals are
dispersed by wind. In regions with many ele-



phants, the base of the hole is often damaged
because they feed on the bark

Ecology Homolium letesttti occurs in ever-
green and semi-deciduous forest, also in gallery
forest and secondary forest, up to 900 in alti-
tude. It often occurs on rocky localities

Propagation and planting It is difficult to
collect seeds because they are very small and
there are only few in each smallfruit, which is
surrounded by the calyx and petals and easily
spread by wind. Seeds start germinating rapid-
Iy, I-2 weeks after sowing, and the germina-
tion rate is high, 75-80%.

Management Homolium letestuiis locally
common, although it usually occurs scattered
in the forest. In forests in western Cameroon,
an average density of 1.6 tree with a bole di-
ameter of more than 15 cm per ha has been
recorded, with a mean wood volume of 2.2
in8tha. In Gabon the average wood volume has
been recorded to be only 0.13 in31ha.

Genetic resources There are no indications

that Homolium letestuiis liable to genetic ero-
sion. It occurs widespread and is locally coin-
mon, although it usually is found scattered in
the forest at rather low densities. It is not in-

cluded in the IUCN Red List like Homolium

sinythei, which is classified as vulnerable.
Prospects The wood of Homolium letestui

and other Homolium spp. is valued for local
applications because of its strength and dura-
hinty, and will remain of some importance
Virtually nothing is known about growth rates
and SIIviculture, and much research is still
needed to judge the possibilities for increased
use. Homoltum letestuils an interesting orna-
mental tree that deserves more attention,
whereas the pharmacological properties seem
interesting enough for more research towards
drug development, particularly for the treat-
merit of malaria and diabetes

Major references Bolza & Keating, 1972;
Burki11, 1994; de Saint-Aubin, 1963; Okokon,
Antia & Ita, 2007; Okokon, Ita & Udokpoh,
2006; 0teng-Amoako (Editor), 2006; Savill &
Fox, 1967; SIeumer, 1973; Takahashi, 1978;
Vivien & Faure, 1985.

Other references Aubr6viUe, 1959c; Bolteau
& NIOrge-Bolteau, 1993; Chudnoff, 1980; Coates
Palgrave, 1983; de Koning, 1983; de in Mens-
bruge, 1966; Grace at a1. , 2002a; Gunb-Fakim
& Brendler, 2004; Hawthorne, 1995; Haw-
thorne & Jongkind, 2006; Hudson, Lee & Ra-
soanaiv0, 2000; HUI, 1995; Neuwinger, 2000;
Ngavoura, 1990; Raponda-Walker & Sillans,
1961; Sallenave, 1955; SIeumer & Bamps,

1976; SIeumer & Bosser, 1980; White & Aber-
nethy, 1997; Wilks & TSSemb6, 2000.

Sources of illustration HUI, 1995; Wilks &
Issemb6, 2000

Authors R. B. Jiofack Tafokou

HopLESTIGMAKMINEANUM Pierre
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Protologue Bull. Mens. SOC. Linn. Paris,
ser. 2, I: 1/6 (1899).

Family HOPIestigmataceae
Origin and geographic distribution HOPIe-

stigmo Momeonum is found in C6te d'TVoire,
southern Cameroon, Equatorial Guinea and
Gabon

Uses The wood of HOPIestigmu hmmeonum
is used locally for carpentry andjoinery

Properties The heartwood of HOPIesttgmo
h!Qineonum is pale yellowish brown and iridis-
tinctly demarcated from the sapwood. It shows
a silver-grain figure on quarter-sawn surfaces.
The wood is medium-weight with a density of
600-650 kg/in3 at 12% moisture content. It
works easily and finishes nicely.

Botany Small to medium-sized tree up to 25
in tall; hole straight, up to 40 cm in diameter,
with buttresses; bark surface dark grey, crack-
ed, inner bark fibrous, white to orange darken-
ing quickly to dark brown; young twigs hairy,
later glabrous. Leaves alternate, clustered at
the end of branches, simple and entire; stipules
absent; petiole I-1.5 cm long; blade broadly
obovate-elliptical, 15-30 cm x 5-15 cm, base
curieate, apex rounded, glabrous above, stiffly
short-hairy below, pinnately veined with 8-12
pairs of lateral veins. Inflorescence a terminal
cyme, many-flowered. Flowers bisexual, regu-

.
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Iar, sessile, white; calyx 2-lobed; corolla tube c
I cm long, lobes 9, ovate, c. I cm long, glabrous;
stamens numerous, inserted above base of co-
rolla tube, exserted, arithers 4-celled; ovary
superior, 2-celled, style with 2 long branches.
Fruit a broadly ellipsoid 2-seeded drupe up to 3
cm long, yellow when ripe, with persistent ca-
Iyx at base
In C6te d'TVoire seeds ripen in January-Feb-
ruary.

HOPIestigmo comprises only 2 species. HOPIe-
stigmo pierreo?turn GIIg occurs in the ever-
green forest of coastal Gamero0n and is threat-
ened by forest clearance for timber and agricul-
ture. It is criticalIy endangered or possibly
even extinct

Ecology HOPIestigmo Momeonum occurs at
low altitudes in evergreen forest and on river
banks

Management There are about 250 seeds per
kg. The germination rate is 20-30% after 30-
45 days

Genetic resources and breeding The con-
servation status of HOPIestigmo A10ineonum is
unclear, but it seems to be uncommon, and as
the only other HOPIesttgmo species is criticalIy
endangered, protection measures are justified.

Prospects Because of the small diameter of
the hole and its restricted range HOPIestigmo
Alumeonum is notlikely to gain importance.

Major references Burki11, 1994; Hawthorne
& Jongkind, 2006; Raponda-Walker & Sillans,
1961

Other references Aubr6ville, 1959c; Cable
& Cheek, 1998; Cheek & Cable, 2000a; de in
Mensbruge, 1966; Hepper, 1963; Normand,
1960; Normand & Paquis, 1976; Warig & Har-
Iey, 2004

Authors C. H. BOSch
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Humbertio mudogoscoriensis - wild

indoor Joinery, poles, naval construction,
wharves and bridges. Its nice polish makes it
suitable for sculptures and turning. It is also
suitable for heavy-duty and luxury parquet
flooring, mine props, vehicle bodies, railway
sleepers, sporting goods, toys, novelties and
agricultural implements. However, it is little
used because it is extremely difficult to saw
and work

Properties The heartwood is pinkish creamy-
white to pinkish pale brown, and distinctly
demarcated from the greyish yellow sapwood.
The grain Is usually wavy, texture very fine.
Fresh wood has a strong turpentine smell, but
the odour has also been described as close to
that of sandalwood

The wood is extremely heavy, with a density of
1260-1300 kg/in3 at 12% moisture content, and
extremely hard. The shrinkage rates during
drying are moderate for such a heavy wood,
from green to oven dry 4.4-6.6% radial and
6.8-7.9% tangential. Once dry, the wood is
unstable in service. At 12% moisture content,
the modulus of rupture is 168-276 N/mm2
modulus of elasticity 14,100-23,540 N/mm2
compression parallel to grain 91-108 N/mm2,
shear 6-9.5 N/mm2, cleavage 18.5-19.5 N/mm
and Chalais-Meudon side hardness 29-30.5
The wood is very difficult to saw, work and
plane; high power is needed and the wood
causes severe blunting of saw teeth and cutting
edges. It takes an excellent polish. Nailing is
impossible because of its hardness. The wood
glues and paints well. It is extremely durable,
being resistant to fungal, insect and marine
borer attacks. The heartwood is not treatable

with preservatives.

HUMBERTIAMADAGASCARIENSISLam.

Protologue Encyc1. 2: 356, t. 103 (1786).
Family Convolvulaceae
Vernacular names Bois defer(Fr)
Origin and geographic distribution Hum-

bertio ingdoguscoriensis is endemic to Mada-
gascar, where it is restricted to the south-
eastern part of the island, from Mariakara
south to Taolafiaro.

Uses The wood from this tree, most common-
Iy known as 'endranendrana' but also as
'fontsinakoho', is used for purposes where ex-
treme durability and strength are required,
mainly for heavy construction, outdoor and
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Some sesquiterpenes have been isolated from
the heartwood, including burnbertiol

Adulterations and substitutes The wood

of Phylloxylon spp. and Dialtum Mittfoliolotttm
Capuron is used for similar purposes, although
that of the latter species is less hard

Description Medium-sized tree up to 30 in
tall; hole usually straight and cylindrical, up to
200 cm in diameter, often with small buttress-
es; bark surface grey to brown, finely cracked,
inner bark with white bands; twigs with dis-
tinct leaf scars, reddish hairy when young.
Leaves alternate, clustered at ends of twigs,
simple and entire; stipules absent; petiole 0.5-
1.5 cm long; blade obovate, 3-10.5 cm x 1.5-4
cm, curieate at base, obtuse to slightly notched
at apex, leathery, glabrous, pinnately veined
with 6-9 pairs of lateral veins. Flowers axillary
in leaf axils at ends of twigs, solitary or few
together, bisexual, slightly zygomorphic, 5-
merous; pedice1 I-1.5 cm long; sepals nearly
free, obovate to rounded, c. I cm long, with
membranous margins; corolla campanulate, c.
1.5 cm long, hairy outside, creamy white with
membranous margins; stamensinserted on the

corolla tube, c. 4.5 cm long; ovary superior, c. 4
mm long, hairy near apex, 2-celled, style SIen-
der, c. 4 cm long. Fruit an ellipsoid-ovoid berry
c. 1.5 cm long, fruit wall slightly fleshy,
smooth, brownish, indehiscent, I-2(-4)-seeded
Seeds ovoid, c. 7 mm long, grooved on one side,
beige, glabrous

Other botanical information Humbertio

comprises a single species. It is considered a
primitive genus of Conuoluuloceoe and has
been placed in the tribe Erycibeoe together
with genera from America and Asia, but also in
a separate family Humbertioceoe and in a sub-
family Humbertioideoe within Conuoluuloceoe
The latter view is most supported at present

Anatomy Wood-anatomical description (IAWA
hardwood codes)
Growth rings: 2: growth ring boundaries iridis-
tinct or absent. Vessels: 5: wood diffuse-porous;
9: vessels exclusively solitary (90% or more);
13: simple perforation plates; 22: intervessel
pits alternate; 26: intervessel pits medium (7-
10 prn); 27: intervessel pits large (z 10 pin); 30:
vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout
the ray cell; 31: vessel-ray pits with much re-
duced borders to apparently simple: pits
rounded or angular; 42: mean tangential diam-
eter of vessellumina 100-200 pin; 43: mean
tangential diameter of vessellumina Z 200 grn;
47: 5-20 vessels per square minimetre; 57:
tyloses sclerotic. Tracheids and fibres: 62: fi-
bres with distinctly bordered pits; 66: non-
septate fibres present; 70: fibres very thick-
walled. Axial parenchyma: 76: axial parenchy-
ina diffuse; 78: axial parenchyma scanty para-
tracheal; 92: four (341, ) cells per parenchyma
strand. Rays: 96: rays exclusively uniseriate;
(97: ray width I-3 cells); 104: all ray cells pro-
cumbent; (106: body ray cells procumbent with
one row of upright and/or square marginal
cells); 1/3: disjunctive ray parenchyma cell
walls present; 1/5: 4-12 rays per min; 1/6: Z
12 rays per min
(E. Ebanyenle, P. E. Gasson & E. A. Wheeler)

Ecology Humbertio madogoscoriensis oc-
curs in humid evergreen forest up to 600(-
1000) in altitude

Harvesting Cutting Humbertiu mudogosco-
riensis trees with their extremely hard wood is
nearly impossible with hand tools and difficult
with machine tools; special equlpinent is need-
ed. Therefore they often were killed by fire and
left standing after deforestation. Dead trees
can stay upright for many years and fallen
holes and branches remain undamaged for long

HUMBERTIA 397

**

3

I

2

I

. . .

,

A

I

Humbertio mudogoscoriensis - I, flowering
bronch, . 2, flower, 3, fruit.
Redrown Grid oddpted by Achingd Sotiri Nur-
hornon

..



398 TIMBERS2

periods
Genetic resources Already by the end of

the 19th century Humbertio madogoscoriensis
has been reported to have become rare, and at
the end of the 1940s it was considered nearly
extinct, mainly because of land clearance and
burning. Although populations still exist in
south-eastern Madagascar, Humbertio mudo-
goscoriensis is certainly threatened and pro^C-
tion is needed.

Prospects The wood with its extreme dura-
hinty Is in demand for special purposes, espe-
cially for construction in contact with water.
However, current focus should be at protection,
and research on many aspects of this poorly
studied species is recommended, particularly
on propagation and growth rates.

Major references Bolza & Keating, 1972;
Capuron, 1957; Deroin, 2001; Gu6neau, 1971a;
Gu6neau & Gu6neau, 1969; Gu6neau, Bedel &
Thie1, 1970-1975; Parant, Chichignoud & Ra-
kotova0, 1985; Sallenave, 1964; Schatz, 2001;
Takahashi, 1978.

Other references Bolteau, Boiteau & A1-
10rge-Bolteau, 1999; Deroin, 1993; Rakotovao
at al. , en preparation; Sallenave, 1971

Sources of illustration Deroin, 2001;
Schatz, 2001

Authors S. Rakotonandrasana

dendroi! gobunense occurs from southern Nige-
ria to south-western DR Congo

Uses The wood, known as 'invanda' in Cam-
eroon and 'invana' in Gabon, is used for joinery
and tool handles. It is suitable for heavy con-
struction, heavy flooring, interior trim, ship
building, vehicle bodies, mine props, furniture,
sporting goods, toys, novelties, agricultural jin-
PIements, railway sleepers, carvings and turn-
ery

In traditional medicine the bark is used as

antidote against poisoning and as a mouth-
wash to treat toothache. Bark decoctions are

administered to treat sterility in women and to
induce labour, as aphrodisiac, and also against
infections of the respiratory tract and venereal
diseases.

Properties The heartwood is yellowish
white to pale brown, sometimes with a pink
tinge, and is not distinctly demarcated from
the sapwood. The grain is straight, texture
moderately fine
The wood is heavy, with a density of about 900
kg/ina at 12% moisture content. The rates of
shrinkage upon air drying are high, from green
to oven dry 5.9% radial and 10.3% tangential
At 12% moisture content, the modulus of rup-
ture is 244 N/min2, modulus of elasticity 17,440
N/min2, compression parallel to grain 91
N/min2, shear 10.5 N/min2 cleavage 17 N/mm
and Chalais-Meudon side hardness 8.4

With appropriate equipment, the wood saws
fairly well despite its hardness. It has been
recommended to quarter-sawn the timber be-
fore further processing. Machining and planing
show good results with a nice finish. The wood
has good nailing properties, but pre-boring is
needed. It is moderately durable, being moder-
ately resistant to termite and pinhole borer
attacks, but susceptible to Lyetus and marine
borers. It is resistant to impregnation with
preservatlves.

The presence of tannins has been recorded for
bark and roots. From an aqueous leaf extract
1.3,4.5-tetragalloylapiitol has been isolated.
This compound was found to be a potentinhibi-
tor ofHIV RNase H enzymatic activity in vitro.

Botany Medium-sized to fairly large tree up
to 40(-55) in tall; hole branchless for up to 25
in, straight and cylindrical, up to 100(-150) cm
in diameter, with many, thin and often branch-
ed buttresses, in young trees hole with spines;
bark surface smooth, pale grey to greenish yel-
low, on buttresses often with horizontal grooves,
inner bark thin, fibrous, pinkish to brown, with
little reddish exudate; twigs short-hairy.

HYLODENDRONGABUNENSE Taub.

Protologue Engl. & Prantl, Nat. PIlanzen-
fom. 111, a 386 (1894).

Family Caesalpiniaceae Cueguminosae - Cae-
salpinioideae)

Origin and geographic distribution Hylo-

.
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Leaves alternate, imparipinnately compound
with 8-15 leaflets; stipules large and sheath-
like, 2-6 cm x c. 0.5 cm, caducous, leaving con-
spicuous circular scars; petiole and rachis to-
gether 5-18 cm long; petiolules 3-4 min long;
leaflets alternate, oblong-lanceolate to oblong-
elliptical, 4-15 cm x 1.5-5.5 cm, acuminate at
apex, glabrous, with some translucent dots,
pinnately veined with up to 20 pairs of lateral
veins connected into a marginal vein. Inflo-
rescence an axillary or terminal panicle 4-8 cm
long, short-hairy; bracts broadly ovate, up to I
cm in diameter. Flowers bisexual, slightly zy-
gomorphic; pedice1 3-5 mm long; sepals 4, free,
slightly unequal, ovate to lanceolate, 4-5 mm
long, whitish to pinkish; petals absent; sta-
mens 10, free, 5-8 min long; ovary superior,
sessile, c. 3 min long, glabrous, I-celled, style c
3 mm long. Fruit an oblong to narrowly obo-
vate papery pod 6-12 cm X 1.5-3.5 cm, Teticu-
lately veined, indehiscent, I(-4)-seeded in api-
calpart offruit. Seed smooth, brown, with hard
seed coat. Seedling with epigeal germination;
hypocoty1 3.5-5 cm long, epicoty1 4-5.5 cm
long; first leaves alternate, with I-2 pairs of
leaflets

The mean annual growth in hole diameter of
Hylodendron gobunense trees in natural forest
has been estimated at 3-4 mm. Young foliage
is pinkish. In Gabon fruits are produced in
December to February. They are dispersed by
wind over distances of sometimes over 200 in.

The fruits are eaten by rodents and, especially
in times of fruit scarcity, by gorillas. Seedlings
are often quite abundant in the forest
Hy!odendron comprises a single species. It Is
classified in the tribe Detorieoe, in which its
position is stillunresolved

Ecology Hy!odendron gobunense occurs in
lowland rainforest, where it is usually found
scattered, but it may occur in small groups in
secondary forest and formerly cultivated land

Management In Cameroon the average
number of trees with a hole diameter above 15
cm has been estimated at 0.6 per ha, with an
average wood volume of 1.1 in31ha. The average
wood volume in Gabon has been estimated at
0.3 in3ftia. The wood volume of a hole 23 in long
and 76 cm in diameter was 6.7 ina

Genetic resources and breeding Hylo-
dendron gobune, Ise is not threatened by genet-
IC erosion because it is fairly widespread and is
commonly found in secondary forest

Prospects With its rather low growth rates
resulting in hard and heavy wood, the pro-
spects of Hylodendron 806unense as a timber

tree of commercial importance are probably
limited. It may remain of local Importance,
especially for heavy construction.

Major references Bolza & Keating, 1972;
Fouarge & G6rard, 1964; Takada at a1. , 2007;
Takahashi, 1978; Vivien & Faure, 1985

Other references Aubr6ville, 1968; Aubr6-
vine, 1970; Burki11, 1995; de Saint-Aubin,
1963; Gassita at al. (Editors), 1982; Neuwinger,
2000; Raponda-Walker & Sillans, 1961; White
& Ahemethy, 1997; Wilczek at a1. , 1952; Wilks
& TSSemb6, 2000.

Authors R. H. M. J. Lemmens
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HYMENOCARDIAULMOIDES 011v

Protologue Hook. f. , Icon. PI. 12: t. 1131
(1873).

Family Euphorbiaceae (APG: Phyllanthaceae)
Synonyms Hymenocordio copensis (Pax)

Hutch. (1920).
Vernacular names Small red-heart tree,

lesser red heart (En). Mteti(Sw).
Origin and geographic distribution Hyme-

itocordio ulmoides occurs from Cameroon
eastward to southern Sudan and Tanzania,
and south to Angola, Zimbabwe, Mozambique
and northern South Africa

Uses The wood is used in construction, e. g
for beams and wall and roofing laths, for fence
posts, fish traps, as firewood, and for making
charcoal. The bark is used for tanning hides
and to dye cloth yellow or brownish. Bark de-
coctions are taken as astringent and against
headache and cough, and decoctions of young
leaves are used as astringent and to treat
stomach-ache, cramps, intercostal neuralgia,

.
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epilepsy, tuberculosis, diarrhoea and cough. A
decoction of the root bark is taken against
anaemia. The bark is also used to treat gonor-
rhoea. The leaves, roots and bark enter in
treatments of bronchitis, asthma, genito-urinary
lrifections, haemorrhoids, fever, epilepsy, oral
and throat problems, worms, stiffness of the
limbs, rheumatism, threatened abortion and
abscesses. The young twigs and leaves taste
refreshingIy sour and are eaten as a vegetable
The plants also serve as feed for goats and
sheep. Formerly, salt was made from the ash-
es. Because of its attractive foliage and fruits
the tree has ornamental value. Edible caterpil-
Iars are collected from the tree

Properties The wood is pinkish brown,
darkening to orange-brown upon drying, with a
straight grain and fine texture, hard and
strong but elastic. It is durable, being resistant
against insect attack. The bark contains 14-
16% tannin

Botany Dioecious shrub or smallto medium-
sized tree up to 20(-30) in tan, with bole up to
60(-75) cm in diameter; bark surface smooth or
longitudinalIy fissured, grey or greyish brown;
crown spreading; twigs short-hairy, becoming
glabrous. Leaves alternate, simple and entire,
yellow-orange or reddish when young; stipules
linear to lanceolate, 3-6 min long, caducous;
petiole (0.2-)0.5-I cm long, short-hairy; blade
ovate to elliptical, I-5.5 cm x 0.5-4 cm, curie-
ate to rounded at base, obtuse to acuminate at
apex, thick-papery or thin-leathery, glabrous
except for tufts of hairs in the vein axils be-
neath, with sparse gland dots beneath, pin-
nately veined with 4-8 pairs of inconspicuous
lateral veins. Inflorescence axillary, usually on
a short lateral shoot, I-3 cm long, hairy, bracts
up to 3 min long; male Inflorescence a lax spike
often arranged in a panicle, many-flowered;
female inflorescence a short raceme, up to 5-
flowered. Flowers unisexual, regular, calyx
with (4-)5(-8) lobes, petals and disk absent;
male flowers sessile, with cup-shaped, greenish
white calyx c. 1.5 mm long, stamens opposite
the calyx lobes, c. 2 min long, rudimentary ova-
ry c. I min long; female flowers with c. 1.5 mm
long pedicel extending to up to I cm in fruit,
calyx lobes nearly free, linear, 2-3 mm long,
ovary superior, obovoid to oblong-ellipsoid, c. I
min long, glabrous, with a few glands, 2-celled,
styles 2, up to 5(-15) mm long, reddish. Fruit a
nearly orbicular, flat, 2-celled capsule, almost
completely surrounded by a wing, 1.5-2.5 cm x
I-2.5 cm, with I-4 min long stipe at base,
notched at the apex, glabrous, whitish to

brown, yellow or reddish, indehiscent or split-
ting into 2 parts, each I-seeded. Seeds semicir-
CUIar-oblong, 7-9 mm x 2-4 min, smooth, pur-
PIish brown to blackish. Seedling with epigeal
germlnation; hypocoty1 2-3.5 cm long; cotyle-
dons leafy, elliptical, I-1.5 cm long; first leaves
alternate.

In the Central African Republic flowering oc-
CUTS in October-November, in central Congo in
January-February. In southern Africa flower-
ing ls mainly in November-December, and
fruit ripening peaks in March-April. Seed is
dispersed by wind
Hymenocordio comprises about 6 species, 5 of
which occur in continental Africa and I in

South-East Asia. It has been placed in a family
of its own, Hymenocordioceoe
Hymenocordio Iyruto Tul. is a shrub or small
tree up to 15 in tall, occurring from Senegal to
Ghana, mainly in gallery forest and savanna
Its hard and pinkish brown wood is probably
used for similar purposes as that of Hymeno-
cordio ulmoides, and also as firewood. In Sier-
ra Leone root decoctions are taken to relieve
stomach-ache and to hasten child delivery

Ecology Hymenocordio ulmoides occurs in
riverme and coastal thickets, high-rainfall
woodland, gully forest on rocky outcrops, wood-
ed grassland and disturbed localities, up to
1500 in altitude. In DR Congo it is locally
common in closed forest and disturbed forest. It
is often found on sandy soils.

Management Hymenocordio ulmoides can
be coppiced, but often regrows to a bushy form.

Genetic resources and breeding Hymeno-
cordio ulmoides is widespread and locally coin-
mon. There are no indications that it is in dan-
ger of genetic erosion

Prospects Hymenocordio ulmoides does not
seem to have prospects as a timber tree of
commercial importance because the size of the
hole is usually small. It will probably remain of
some importance for construction purposes
because its wood is durable. Research is war-

ranted on phytochemistry and pharmacological
activities because several plant parts are coin-
monly used in local medicine.

Major references Adjanohoun at al. (Edi-
tors), 1988; Coates Palgrave, 2002; Gaugris at
a1. , 2007; Latham, 2004; Radcliffe-Smith, 1996

Other references Aubr6ville, 1950; Burkill,
1994; Garter & Radcliffe-Smith, 1988; Favier,
de Namur & Dubois, 2004; Latham, 2003; Leb-
bie & Gunes, 1995; Leonard & MOSang0, 1985;
Lovett, Ruffo & Gereau, 2003; Neuwinger,
2000; Raponda-Walker & Sillans, 1961


