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I go from the woods into the cleared field:

A place no human made, a place unmade

By human greed, and to be made again.

Where centuries of leaves once built by dying
A deathless potency of light and stone

And mold of all that grew and fell, the timeless
Fell into time. The earth fled with the rain,

The growth of fifty thousand years undone

In a few careless seasons, stripped to rock

And clay - a “new land,” truly, that no race

Was ever native to, but hungry mice

And sparrows and the circling hawks, dry thorns
And thistles sent by generosity

Of new beginning. No Eden, this was

A garden once, a good and perfect gift;

Its possible abundance stood 1n it

As it then stood. But now what it might be
Must be foreseen, darkly, through many lives —
Thousands of years to make it what it was,
Beginning now, in our few troubled days.

— Wendell Berry
VIII, 1979
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Foreword

As part of USAID’s continuing efforts to address environmental degradation in
Haiti and in an effort to provide information on selected economically important tree
species, the Office of Economic Growth of USAID/Haiti funded this book: Bwa Yo:
Important Trees of Haiti.

Much of the information contained in this book has been a result of research and -
extension activities in agroforestry supported by USAID since 1981. Beginning with the
Agroforestry Outreach Project (1981-1987), through the Agroforestry II (1988-1992)
and presently, the Productive Land Use Systems (PLUS) Project, more than 63 million
trees have been planted as part of developing environmentally-sound farming systems
in Haiti. Today, over 250,000 farmers, approximately 35 percent of Haiti’s small
farmer’s, are reaping the benefits of the trees they planted since 1981. Most signifi-
cantly, this includes the conservation of fertile top soil and an increase in wood assets
as a store of value.

The efforts of several institutions are greatly appreciated for their contribution to
the information contained in this book and their continued commitment to improving
Haiti’s productive natural resources base: the Ministry of Agriculture Natural Resources
and Rural Development (MARNDR), the South-East Consortium for International
Development (SECID), Auburn University, International Resources Group (IRG), Pan
American Development Foundation (PADF), CARE, World Bank, and FAO.

It is our sincere hope that this book would serve as a valuable reference tool to all
those concerned with the critical role of trees in agricultural production and environ-
mental management in Haiti. ‘

Hyatt Abdul Wahab

Chief

Office of Economic Growth

US Agency for International Development/Haiti
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Introduction

Trees and their forest habitats have played a major role in creating a fertile envi-
ronment in Haiti. The ecological fabric that has nurtured the soil and supported life for
millennia gradually has been unraveled by human activities. As population growth and
economic development collide with the limits of a mountainous island, the makeup of
the tree population has been altered considerably, shifting toward those species that sup-
ply the daily needs of Haitians and their lifestyles. All other species are at risk, includ-
ing a significant number found only in Haiti or on the island of Hispaniola.

There is a collection of native and exotic species that plays an essential role in the
agricultural landscape. Several of the more important ones are included in Part I. This
selection was based primarily on their versatility, the amount of information available in
Haiti, and their economic value in the rural context. The group is biased toward the low-
to mid-elevation regions where most Haitians live. Such a selection may be considered
too narrow, because a much wider assortment of tree species is used regularly through-
out Haiti. Their exclusion in no way diminishes their value, as diversity and potential
economic benefits are essential safeguards for the future.

Part II compiles useful information of a more technical nature and covers a wider
range of species. It has always been difficult to find information about Haitian species,
because the amount of literature that has been published about them is limited and often
inaccessible. These chapters should serve as a useful reference tool to professionals
trained in both the basic and applied sciences. A reference section has been included for
those interested in studying these tree species in greater depth.

Variations of a perennial-based agricultural system are the most sensible of landuse
options for Haiti’s mountains. However, economic insecurity and political instability
combine to keep the land in a sort of flux with little time for rest and regeneration.
Forests and their trees develop their full potential only in situations where people are rel-
atively well-off and secure. In these situations, tree species are cultivated, provided that
they supply valuable products and services and require low establishment costs. The
species thus selected share many of the same attributes: tradition and myth, adaptabili-
ty, and utility.

Tradition and myth: In the world market of precious woods, Haiti has provided his-
torical contributions of mahogany (Swietenia mahagoni), logwood (Haematoxylon
campechianum), Spanish cedar (Cedrela odorata) and lignum vitae (Guaiacum offici-
nale). Parts of the forest that once covered Haiti’s mountains are now part of the world’s
wealth far from the country. Neither Haiti nor the rest of the world would be the same
without these species that have graced its heritage. '

However, beyond the rich texture and color of mahogany wood are the proverbs and
beliefs that enrich Haitian culture even today. Within the towering Spanish cedar and
giant mapou are a magic and a folklore that have sustained family customs for genera-
tions. The power of tradition, myth and heritage, extending beyond the realm of the sci-
entific perspective, defines in large part the role that trees play in society. A great many
species that would not be considered important in the economy of a developed nation
are an integral part of Haitian life.

- viii



Adaptability: Survival of a tree species requires a regeneration strategy and suitable
site conditions. As the land becomes disturbed and no longer favorable for the regen-
eration of native species, it is common for more hardy, often exotic, species to domi-
nate. Silvicultural interventions are often necessary to cultivate those species more sen-
sitive to environmental change. These measures might include various modes of artifi-
cial regeneration, site preparation and species mixing to manage light, nutrient and
moisture factors. In the absence of outside assistance, making use of these interventions
requires that the farmers sacrifice scarce resources that otherwise would be channeled
toward more lucrative and immediate returns (e.g., goats, pigs, corn and beans). Given
the resources and options available to rural Haitians, tree planting of many species, par-
ticularly those that require silvicultural inputs, is inadequate to meet the demands of
both production and conservation.

The ideal tree species for the Haitian farmer is one that “takes care of itself” (leve
pou kol). Simarouba (Simarouba sp.) and royal palm (Roystonea borinquena) are good
examples of such species. Fauna aid in the dispersal of seed of both species for regen-
eration away from the mother tree. Farmers transplant the volunteers or leave them
eventually to replace harvested trees. Both species are adapted to a wide variety of soils
and fill a range of niches in local farming patterns with their excellent forms. As sites
becomes more degraded, another group of tree species aids in restoring fertility. The
more useful of these species are non-native to Haiti and include mesquite (Prosopis
Juliflora), leucaena (Leucaena leucocephala ssp. glabrata), neem (Azadirachta indica),
and cassia (Senna siamea). These trees, filling the role of pioneer species and being a
component of improved fallows, are widely adapted, provide quick ground cover and
arrest the processes that deteriorate the most important resource available to the Haitian
farmer — the soil.

Utility: Living on the production of a hectare of land allows little consideration for
trees without immediate value to the household economy. Trees must provide myriad
goods and services. A tree’s failure to do so generally means its elimination, many times
in favor of other agricultural activities, mainly grazing and land clearing for annual
Crops.

Fruit trees, which provide a certain element of food security, as well as shade, fuel-
wood and lumber, are among the most important tree species. Mango (Mangifera indi-
ca), avocado (Persea americana), coconut (Cocos nucifera) and the Citrus group top the
list. Next in importance are the species that provide construction material. Together,
these form a key group that is surviving and playing a vital role in the peasant econo-
my. They provide a basic level of goods and services, grow fast enough, tolerate a fair
amount of disturbance, and are broadly adapted. The hope is that by better managing
these few species, we can begin to learn what will be required to conserve the rest.
Hispaniolan pine (Pinus occidentalis), the mangrove species, and the rare endemics are
all worthy in their own right and are in critical need of a national management plan.
Continued efforts to increase the productivity and value of tree products always will be
a priority if arboriculture is to remain a viable alternative to current patterns of land use.
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Figure 1.1 A large P, julilfora provides shade for a roadside market near Thomazeau.



1 Bayawonn

Species: Prosopis juliflora (Sw.) DC.

Family: Leguminosae - Mimosoideae

Synonyms: Acacia cumanensis Humb. & Bonpl. ex Willd., Algarobia juliflora (Sw.)
Benth. ex Heynh., Mimosa juliflora Sw., M. salinarum Vahl, Neltuma juliflora. (Sw.)
Raf., Prosopis bracteolata DC., P cumanensis (Humb. & Bonpl. ex Willd.) Kunth, P
dominguensis DC., P. vidaliana Naves

Common names: H - bayahonde (bayawonn), bayahonde frangais (bayawonn fran),
chambron, guatapana (gwatapana); RD - bayahon, bayahonda, bayahonda blanca,
bohahunda, vallahonda; C - chachaca, plumo de oro, guatapana, cambrén; PR - algar-
roba, aroma, mesquite.

Importance:  juliflora is valued for its tolerance of harsh, dry environments with soils
that are typically alkaline and saline. In areas of Haiti with environments such as these,
the tree provides shade, and is an important source of charcoal, timber, and fodder. It is
a natural silvo-pastoral species that is dispersed by animals who eat the nuiritious and
succulent pods, and its thorny, bushy nature tolerates browsing pressure. Once estab-
lished, the species is difficult to eradicate, formmg pure stands that are disclimax in
nature.

Taxonomy and Botanical Features: The variation in the species has fostered debate
about the true identity of the species. At least threg varieties of P, juliflora are recog-
nized by Burkhart (1976); others classify the species as a synonym of P, pallida (H. &
B. ex Willd.) HBK. (Little and Wadsworth, 1964; Wojtusik-et al. 1993). Taxonomy is
difficult because the species is highly variable, partly as a result of its self-incompati-
bility and octoploidy nature (8N=112), but also because P, juliflora has spread for cen-
turies with the travels and migrations of human settlement. This dispersal has given rise
to many closely related land races that are difficult to separate.

The variety in Haiti is recognized by its prostrate and spreading form as a seedling.
Green zigzag twigs, with a pair of thorns 2-3 c¢m long at the base of the leaf petiole,
support pinnate leaves with one or two pair of pinnae 10—15 cm long and narrow leaflets
6 mm wide. Flowers occur in pale yellow spikes 5—10 cm long, arising at the juncture
of the thorns and leaves. The pale yellow pods, up to 20 cm long and containing 10-20
round brown seeds, do not split open when ripe.

Distribution and Ecology: The species is believed to be the only one native to Central
America, ranging from Mexico to Peru and throughout the Caribbean (Stewart et al.,
1992). Little and Wadsworth (1964) list it as an introduced species from the continent,
though the species probably has been in the Caribbean since before recorded history.
Lee et al. (1992) postulate a Central American origin, though it could have spread into
the Caribbean from Venezuela during the first human migrations, It has become natu-
ralized in the dry regions of Africa and India, having been introduced there during the -
nineteenth century.

In Haiti, the species occurs primarily in the dry coastal regions, extending inland
where dry plains occur, as in the Cul-de-Sac, Gonaives, the Anse-Rouge coast, and the
Northeast. These are areas that probably were comprised of a higher diversity of species,
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4 Bayawonn

but have become dominated by Prosopis and Acacia as a result of land use practices and
changed soil conditions. Despite its reputation for adapting to a wide range of soils, the
species performs poorly on extremely rocky sites where Acacia tortuosa and cactus
grow. It 1s often the only tree species that can tolerate poorly drained, high pH (9.0+)
sodic soils. The species is uncommon in Haiti at elevations higher than 400 m or in areas
with annual rainfall amounts greater than 1000 mm.

Tree Characteristics: Very large trees with heights of 15 m and trunk diameters greater
than 1 m are found in Haiti. Most of the mature trees in Haiti have been pollarded, mak-
ing it difficult to measure natural crown diameters. Crown widths have been measured
up to 15 m. The tree is generally multi-stemmed, forking low when young (Fig. 1.2).
Eventually, a single stem dominates, reinforced in practice as the inferior stems are har-
vested for firewood and small poles. Coppice stems grow faster and more erect, favor-
ing a straight form that is ideal for construction material. On favorable sites, the tree is
often seen to be spreading clusters of coppice and root suckers that regenerate for
numerous harvesting cycles. The tree’s shallow and deep root systems are both exten-
sive. The common Creole name bayawonn is believed to be a corruption of the Spanish
vaya hondo, which means “ to go deep,” a reference to the extraordinary root system.

The main fruiting season of the species extends from May to November, though
pods are available throughout the year. There are 20,000-35,000 seeds kg™'. During
drought periods, the pods commonly are infested with insect larvae, particularly bruchid
beetles.

The heartwood is a dark red-brown that turns purplish upon exposure and contrasts
sharply with the white sapwood. Durability is dependent on stem age; while the heart-
wood is durable, stem wood comprised mostly of sapwood is highly susceptible to pow-
" der post beetles and decay fungi. The wood is moderately hard and heavy (sp. gr. 0.8)

-
N
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Figure 1.2 P, juliflora stands are managed near the home as livestock parks for shade,
feed, fuel and construction wood.
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with calorific values ranging 15.7-17.1 megajoules kg' at 14% moisture content
(Maxwell, 1985; Timyan, 1987).

Utilization: Mature stems of P, juliflora are used as a source of beams, door and win-
dow frames, posts, and railways ties in the dry areas of Haiti. Coppice stems generally
are made into charcoal or used for light construction that does not require durability.
The making of charcoal is the most lucrative method for converting young wood into a
marketable product, because demand is generally steady and reliable, and the wood
yields a high-grade charcoal (Fig. 1.3). Livestock relish the pods, which have a high
sugar and protein content. Pod production during the winter drought, January to March,
1s an important mainstay for cattle; they should only be fed ripe, yellow pods as the
green unripe ones are bitter and have little feed value. In areas of Peru, molasses and
other confectionery products are made from the pods; dried pods have been ground into
a meal as a dry land flour and mixed with water as a beverage (Little and Wadsworth,
1964). Options for the local production of concentrated poultry feed, largely comprised
of dried ground pods, are being considered in northeastern Haiti as an industry. The
proximate analysis of £ juliflora is shown in Table 1.1. The tree is an important honey
plant, with bees commonly being observed around the flower clusters.

Propagation: The species generally is raised from seed that requires scarification prior
to sowing. The simplest method for mass propagation is to immerse the seed in boiling
water, stir it for one to two minutes in the hot water taken off the boil, and then soak it
in cold water for 2-3 days. Nicking, filing, and sandpaper scarification of individual
seeds is tedious, but is recommended for research accessions.

Container volume is an important consideration for maximum early root develop-
ment and survival under harsh environments. Decomposable fiber containers, 15 cm x

Figure 1.3 P, juliflora is valued as a source of charcoal in Haiti, commonly made from
simple earthen kilns.
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Table 1.1 Proximate analysis (% dry weight) of P. juliflora, after G6h1(1975).

COMPONENT CRUDE CRUDE CRUDE CARBO- ASH Ca P
PROTEIN FIBER FAT HYDRATES
Fresh leaves (Sudan) 19.0 - 21.6 2.9 48.0 8.5 2.1 0.2
Fresh flowers (Sudan) 21.0 15.5 32 503 10.0 1.0 0.4
Pods (South Africa) 13.9 27.7 3.0 50.6 4.8 — —
Fruit pulp 7.7 12.0 0.6 774 2.3 — —
Seed (Sudan) 65.2 2.8 7.8 19.0 52 — —
Pod husks 4.3 54.3 0.6 374 . 3.4 — —

15 cm x 30 cm, have been used successfully on an experimental basis in Haiti (Dupuis,
1986a; Lee et al., 1992). The major drawback is the cost involved in preparing the deep
holes properly to avoid J-rooting. Furthermore, complete weed control one season prior
to field establishment is recommended to build up soil moisture reserves on arid sites.
No serious pests are associated with the species in containerized nurseries (Josiah,
1989). Two-year-old stumps, with basal diameters 1.5-2.5 cm and roots 25 cm long,
also have been used in arid zones (Lamprecht, 1989).

Vegetative methods for the species have been employed successfully in Haiti. A
solar-powered mist system to root cuttings was experimented at Thomazeau with over
90% rooting success (Wojtusik et al., 1994). Grafting techniques have been successful
utilizing a cleft graft with scion material selected and transported from Haiti to Texas
(Wojtusik and Felker, 1993; Wojtusik et al., 1993). The rootstock selected for grafting
was P alba because of its vigor and influence on scion growth under greenhouse con-
ditions in Texas. Five clones, selected for desirable traits, achieved a 100% success rate.

Biomass Studies: Regression equations were determined to estimate the amount of
total dry biomass, wood, and pole volume of P, juliflora as a function of stem diameter.
One set of equations was developed from a sample of harvested trees at two sites near
Cabaret and Ganthier (Ehrlich, 1985). A separate set of equations was determined for
coppice stands near Bon Repos (Timyan, 1987). These equations are provided in Table
1.2.

Growth Performance: P, juliflora has been tested in several trials throughout Haiti, in
most cases being compared to other species. The slow initial growth, thorny nature, and
prostrate form of the local variety have discouraged a wider selection of the species in
trials. It appears that the tree devotes its early years to establishing an extensive root sys-
tem with the aboveground portion of biomass developing slowly. Table 1.3 summarizes
the growth parameters for this species in Haiti. The Oxford Forestry Institute trials were
established with a variety originating in Honduras that survived and grew very poorly
in Haiti, confirming the wide genetic variability found in the species. Figure 1.4 com-
pares the height growth of P, juliflora across several sites in Haiti. Annual height incre-
ments do not exceed 0.8 m yr!, even on the best sites and provenances. This level of
growth amounts to very low yields of wood for the estimates based on basal diameters
and regression equations developed in Haiti. The values cited in Wojtusik et al. (1993)
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Table 1.2 Equations used to estimate biomass components (kg dry weight) of P. juliflora in
Haiti. )

COMPONENT REGRESSION EQUATION! R? DIAMETER SITE
RANGE (cm)
Total aboveground biomass 0.408(DBH)? 0.97 1.2-10.8 Cabaret & Ganthier
Usable wood weight 0.304(DBH)? . 0.99 1.2-10.8 Cabaret & Ganthier
Usable wood weight 0.195(sd)? 0.97 1.5-13.5 Cabaret & Ganthier
Coppice biomass 0.1585(sd),2 +0.163 0.97 2.4-18.3 Bon Repos
Usable coppice wood weight  0.123S(sd),? + 0.013 0.98 2.4-18.3 Bon Repos

! DBH = Stem diameter at 1.3 m above ground level, in cm. sd = Stump diameter at 0.10 m above ground level, in cm. n
= Number of stems at 0.10 m above ground.

for total biomass yields, corrected in Table 1.3 by a factor of 0.75 for estimated wood
yields, are derived from regressions developed under different growing conditions and
may be overestimates of local wood yields.

Tree Improvement: The trial at Thomazeau is a genetic screening trial, established by
Texas A & 1 University in 1987, and managed by the Convention Baptiste d’Haiti. A
total of 70 Prosopis accessions, including 44 Haitian accessions, 12 Peruvian acces-
sions, and several other Prosopis species from North America, Chile, and Argentina are
being assessed for economically important traits: biomass production, form and pod
production. The early results indicate that the seed lots from Peru are a significant
improvement in form, being more erect and achieving greater height growth than the
Haitian accessions. Figures 1.5 and 1.6 compare the height and aboveground biomass
growth of the top 15 accessions, which are dominated by the Peruvian accessions. The
differences in the habit of the Haitian and introduced Peruvian types are significant (see
Fig. 1.7 and Fig. 1.8). Among the Haitian selections, no geographic trends are evident
in height or biomass yield, nor is there a significant correlation between the size of the
parent tree and the growth rate of the progeny. Individual selections based on progeny
testing would be appropriate for continued improvement of the local variety. The com-
bination of superior genetic quality and proper silvicultural management is necessary to
develop trees for high-value wood production (Fig. 1.9).

Table 1.3 Site and growth parameters of Prosopis juliflora trials in Haiti. Dry wood yields for
the Thomazeau site were estimated from Wojtusik et al. (1993).

SITE ELEVATION ANNUAL AGE SURVIVAL HEIGHT d? DRY WOOD
(m) RAINFALL Gyr) (%) M.A.L! MA.L YIELD
(mm) (m) (cm) (kg tree™)
Nan Marron 450 600 33 28 0.2 0.2 0.1
Maré Grand Bois 20 1200 3.5 58 0.6 0.9 1.9
Békin 100 1397 35 96 0.8 0.7 1.2
Thomazeau (Peru) 25 970 3.8 89 0.8 — .50
Thomazeau (Haiti) 25 970 3.8 94 0.6 — 4.1
Fond-des-Blancs 250 1335 4.0 58 0.2 0.2 0l
Cabaret 80 900 6.9 72 0.3 04 1.5

! M.A.L = Mean annual increment. 2d = Stem diameter at 0.3 m above ground level.
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Figure 1.4 Height growth of P, juliflora in Haiti.
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Figure 1.5 Height growth-of the top Prosopis accessions at Thomazeau after four years.
95% confidence interval bars are indicated for comparison of total height means.
Accession origins are reported in Lee et al. (1992).
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Figure 1.6 Aboveground biomass (kg) of the top 15 Prosopis accessions at Thomazeau
after nearly 4 years. 95% confidence interval bars are indicated for comparison of total
aboveground biomass means. Accession origins are reported in Lee et al. (1992).

| .
Figure 1.7 Typical spreading habit of a 6-year-old Haitian P, juliflora.
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Remarkably two Peruvian thornless acces-
sions resistant to goat browsing were report-
ed (Lee et al., 1992). The accessions origi-
nate from Truyjillo, Peru. The validity of this
finding should be tested with exclosure trials
designed to assess the impact of free goat
grazing on the growth of the Peruvian selec-
tions. This assessment would be an impor-

. tant contribution to semi-arid agroforestry
7 T systems in Haiti and throughout the arid land
‘ tropics. The top four thornless accessions at
Thomazeau have been cloned and await re-
I entry to Haiti for establishment in a clonal

bank.

The Prosopis established at the Thoma-
zeau site have not produced pod yields suffi-
cient to permit early assessment of progeny
as a source of animal feed. As of six years,
only a few of the trees have flowered and set
= fruit. This trial has tremendous economic
Figure 1.8 Erect habit of a 6-year-old importance to Haitian farmers, however,
Peruvian Prosopis. broadening the genetic base of Prosopis and

enabling selection of more productive vari-
eties. It would be tragic if the opportunity for genetic gain in this species is lost. The
greatest challenge lies ahead. Clonal seed orchards should be envisioned for the future.
P juliflora is a primary source of fuelwood and charcoal for Haiti and an underutilized
source of nutrition. The economic benefits to be gained through continued research of
a broad genetic base should be significant.
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Figure 1.9 The graceful form of a superior specimen of P, juliflora showing the poten-
tial for lumber.



Figure 2.1 C. arborescens 1s commonly planted near homes for shade and a source of
lumber.
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Species: Colubrina arborescens (Mill.) Sarg.

Family: Rhamnaceac

Synonyms: Ceonothus arborescens Mill., Colubrina colubrina Millsp., C. ferruginosa
Brongn., Rhamnus colubrinus Jacq.

Commeon Names: H - bois capable (bwa kapab), bois pelé (bwa ple), bois de fer (bwa
@), bois de fer blanc (bwa fé blan), bois mabi (bwa mabi), capable (kapab), kapab gran
fey, kapab ti fey, gri-gri, gri-gri sovaj, rougeole (roujiol ), RD - corazén de paloma,
cuerno de buey; C - bijaguara, birijagua, fuego; J - black velvet, greenheart, mountain
ebony, snake-wood, wild ebony; US - coffee colubrina, snake-bark.

Importance: A Haitian species of choice for rural house construction, the form of C.
arborescens fits perfectly in the mid- to upper-canopy layer of traditional perennial gar-
dens. The tree grows rapidly with an excellent form and yields a quick return of goods
and services to the farmer. It is a popular shade tree that is easily propagated.

Taxonomy and Botanical Features: At least 5 species of Colubrina occur on
Hispaniola (Liogier, 1982). C. arborescens, the most common species, has several vari-
eties, giving rise to a proliferation of common names used in Haiti. In turn, the common
names have been used indiscriminately without careful taxonomic referencing. The
popular large-leaf variety is known in Creole as bwa ple or bwa pele in the Cayes and
Cap-Haitien regions. Less utilized names are gri-gri, kapab gran fey, bwa mabi and bwa
fé . The small-leaf variety is known as bwa kapab, kapab, kapab ti fey, gri-gri sovaj or
bwa fé blan. There is a less common long-leaf variety, occurring in the wet ravine cloud
forests of the higher elevations. Several of the common names of C. arborescens also
refer to C. elliptica (Sw.) Briz & Stern (syn: C. reclinata Brongn.) and Schaefferia
frutescens Jacq. (Celastraceae). The latter species is also known as bwa kapab and is
distinguished by smaller elliptical leaves 2.5-6 cm long and 0.8—2.0 cm wide, unisex-
ual flowers, and an indehiscent red drupe 4—6 mm diameter.

The varietal differences occur in tree size, leaf shape and branch morphology.
Differences in the seed are indistinguishable to the naked eye. Features of the large-leaf
variety include: light green, thin, glabrous leaves 10-25 cm by 5-12 cm; puckered
between recursive leaf veins; an open crown; and tree heights 20-25 m (Fig. 2.2). The
small-leaf variety is distinguished by precocious fruiting, thicker dark green leaves 4-8
cm by 2—4 cm, twigs with a conspicuous reddish pubescence, a dense crown, and tree
heights to 12 meters with stem diameters to 25 cm (Fig. 2.3). The less common long-
leaf variety has leaves up to 18.5 cm long by 5 cm wide with a short 1.5 cm petiole. The
grayish-brown bark of C. arborescens cracks and peels as the tree matures, revealing
lighter patches of new bark and giving the stem a mottled appearance.

Distribution and Ecology: The small-leaf variety occurs on the shallow red and black
soils overlying limestone rock of the dry coastal areas and certain parts of the upper
Central Plateau. This variety is found at sea level to 300 m elevation in the wetter spec-
trum of the subtropical dry forest. Annual rainfall ranges from 800-1200 mm and is
highly variable from year to year. The large-leaf variety is common to the low-eleva-
tion humid mountain regions of Haiti (elevations between 150—1000 m and receiving

13
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Figure 2.2 The large-leaf variety is distinguished by
shiny, light green and thin leaves with puckered leaf

veins.

Figure 2.3 The small-leaf variety is noted for its pro-
lific seeding and shiny, dark green leaves with a red-

dish pubescence on new growth.

annual rainfall 1200-2000 mm)
and the humid plains near sea
level, located near Cayes and
Cap-Haitien. These areas fall
mostly within the subtropical
humid forest zone. In several
areas of Haiti, the natural range
of the large-leaf variety over-
laps with the range of the
small-leaf variety, notably the
mountain areas of southern
Haiti and the Central Plateau.
The long-leaf variety seems to
be much rarer, definitely less
cultivated, occurring in the less-
populated higher and per-
humid ranges along the south-
eastern and northern mountain
chains. It is a canopy species of
the broad-leaved forests above
1000 m elevation and 2000 mm
annual rainfall.

Tree Characteristics: The
large-leaf  variety of C
arborescens grows to 26 m,
with stem diameters averaging
20-30 cm and rarely larger than
50 cm. Stem form is straight
with primary forks, if present,
at two-thirds total tree height.
The new growth of the horizon-
tal branches is regularly spaced
and sparse, projecting a light
shade to understory crops. The
average crown width:stem
diameter ratio is 30, with crown
closures of mature stem diame-
ters occurring at 200 trees ha™.
The large-leaf variety is the
preferred variety as a result of
its greater merchantable height,
faster growth, lighter shade,
self-pruning and less weedy
nature (Fig. 2.4). However, this
advantage is less evident on the
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drier, rocky sites of the lower
elevations, particularly on
the coastal and leeward
. ‘ «  slopes of mountain areas in
© Haiti. The leaves of C.
Do ' 4 arborescens are palatable to
’ animals and damage is
.‘ [ . extensive under free-grazing
| conditions. Basal sprouting
| ~ occurs with the large-leaf
| . variety in response to sub-
- . ‘ ; ) . humid, droughty conditions
- (Fig. 2.5). This trait can be
managed for mixed-aged
o stems by leaving a couple
sprouts to develop in the

shade of the main stem.
The small-leaf variety
) ! rarely grows taller than 18
m, limited by the harsher site
. conditions of its natural
range. Stem diameters are
. generally less than 20 cm.

;‘ /l/g s Adaptations to drier condi-

[ &)

3

.

o " A tions are evident in the

‘ l small-leaf variety, with its
Figure 2.4 The fast-growing, tall, straight, self-pruning  thicker leaves and heavier

stem of large-leaf varieties of C. arborescens is valued seeding. The crown is more

for beams and joists. compact than that of the

large-leaf variety, with lateral
branching occurring more frequently along the stem axis and extending further down
the stem. Self-pruning is less evident and the shade cast by the crown is denser than the
large-leaf variety. C. arborescens coppices when cut on short rotations.

The heartwood is reddish-brown with a small proportion of lighter brown sapwood
on mature stems. The wood is hard and heavy, with a specific gravity ranging from
0.67—-0.82 for samples taken from a 5-year-old stand in the Northwest. It seasons very
hard so that sawing and nailing are difficult.

The principal fruiting season of C. arborescens occurs from May through July, with a
smaller harvest from November through January. There are 50,000-65,000 seeds kg

Utilization: The most important use of C. arborescens is in house construction, where
the timber is utilized in all parts of the structure (Fig. 2.6). Because the large-leaf vari-
ety provides one of the longest and straightest trunks of any of the lowland tree species,
it is prized for joists, beams, ridgepoles and supports. As soon as the tree becomes
usable, after reaching a 10 cm stem diameter, it generally is cut for building material,
with few stems left to grow larger than 25 cm. Smaller-diameter trees are worked in the
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Figure 2.5 Basal sprouting of C. arborescens is
typical of the large-leaf varieties on droughty sites.

- - . - LY r

round form, providing long,
straight poles used in roofing
timbers. The larger diameter
stems usually are split in quarters
or squared for use as construction
material or sawn into planks (Fig.
2.7). Posts are improved for dura-
bility by charcoaling the sap-
wood of the end that is buried in
soil. The wood is used for rustic
furniture and wood sculptures.

A beverage derived from the
astringent bark, containing vari-
ous tannins, alkaloids and
saponins, 1s used for medicinal
purposes (Seaforth and Moham-
med, 1988). Bark tea is consid-
ered a diuretic; mixed with anise,
nutmeg, mace and sugar, the tea
is taken as an aphrodisiac. A
decoction made from boiled
wood and mixed with milk is
used to build up blood, especially
after childbirth (Altschul, 1973).

The shade of C. arborescens
is not deep, allowing for flexibil-

— -

Figure 2.6 C. arborescens is valued as a construction timber used for building houses

in Haiti.




ity in the type of cash crops that can be
grown in association with the tree. In field
gardens, crops are grown right up to the
base of the tree. Lateral branches are cut to
control seasonal light demands, and to pro-
vide fodder and fuelwood. It is a common
shade tree of the gardens grown near the
home, particularly those associated with
coffee and cocoa groves (Fig. 2.8).

Propagation: C. arborescens is tricky to
raise from seed. The hard seed coat inhibits
germination, often giving erratic results in
the nursery. The most common method to
overcome seed dormancy is to immerse the
seed in hot water and soak the seed for sev-
eral days, changing the water daily (Josiah,
1989). However, experimental data do not
support this method as being the best one.
Probably the most important aspect of prop-
agating the species in a containerized sys-
tem 1s to keep the germinating seed environ-
ment humid by placing shade cloth over the
containers. Generally, the seed is sown in
greater quantities to compensate for poor
germination, with multiple emergents being
transplanted or thinned. Seedlings ready for
field planting require about 4 weeks in the
shade and a total of 14 weeks in containers,
such as the Rootrainer or Winstrip. Sunscald
and overwatering are common problems
associated with nursery culture. The species
can be top-pruned prior to planting in the
field. A virus is postulated to attack the
species in the nursery (Josiah, 1989), caus-
ing leaves to exhibit mosaic-type symptoms,
with a mottled appearance and curled, shriv-
eled leaf margins (Fig. 2.9). Tourigny
(1987) proposed that the virus is transmitted
by the citrus aphid, Toxoptera aurantii, (B.
de F.), and that effective control of aphids
might solve this problem.

Barbour (1926) describes how Haitian
farmers in the Cayes area “ sow seed of a
tree they call bois pele in wood lots behind
their houses.” However, in a detailed study
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Figure 2.7 Lumber of C. arborescens is
used in construction and furniture mak-
ing.

Figure 2.8 A stand of C. arborescens
used as coffee shade and timber.
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of traditional propagation methods in the Lascahobas area, sown seed accounts for only
5% of the C. arborescens tallied (Campbell, 1994). More than two-thirds of the trees
were volunteer, with an additional 16% that were transplanted volunteers.

An attempt was made to graft and bud the species in 1988 by the Double Harvest
nursery, but all attempts failed with the split, inverted-T bud and cleft methods. No
knowledge of vegetative methods has been reported in Haiti.

Seed Research: The hard seed coat inhibits germination. Scarification by nicking the
small seed results in a 4-fold increase in total germination. However, this is not cost-
effective for bulk seed and most nurseries compensate for low and irregular germina-
tion by sowing extra quantities of seed for transplants. An experiment designed to test
scarification procedures showed that immersion in 80° C water, followed by a 24-hour
soak, significantly reduced seed germination, whereas soaking in cold water for 24
hours had no effect. Furthermore, there was a poor correlation between laboratory ger-
mination tests and nursery emergence. No differences in germination were detected
when ripe seed was harvested from the same orchard trees at 3-week intervals during
the peak fruiting season (May to July).

Planting Stock Quality: Various methods to establish C. arborescens in the field have
been tested for their effect on survival and growth (Dupuis, 1986a; Reid, 1991). Direct
seeding of the species has consistently failed in the field and can be recommended only
if seed is plentiful. Container types and potting mixes showed no effects on a fertile site
near Port-au-Prince. However, seedlings raised in a polythene sack survived better on a
drier, less fertile site than did the smaller-containerized seedlings raised in the
Rootrainer or Winstrip. This difference was accounted for by the larger soil volume of
the sack and a more well-developed seedling root system.

Figure 2.9 Deformed leaves of a C. arborescens nursery seedling probably are caused
by an aphid-borne virus.
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Biomass Studies: Ehrlich (1985) developed total and fuelwood biomass tables for C.
arborescens, sampled from a stand of trees located near Morne-a-Cabrit. The estimates
are based on diameter-at-breast-height (DBH) and stump diameter measurements.
Another set of biomass equations was developed on a drier site in the Northwest near
Nan Marron in 1990. The 5-year-old stand had a narrow stem diameter range from 3-7
cm. These equations estimate total and wood (> 1 cm) dry weights on the basis of stem
diameters measured at 0.3 m above ground level. The set of equations for C.
arborescens is given in Table 2.1.

Table 2.1 Equations used to estimate biomass components (kg dry weight) of C. arbo-
rescens in Haiti.

COMPONENT REGRESSION EQUATION! R? DIAMETER SITE
RANGE (CM)
Total aboveground biomass  0.25(DBH)? 0.98 3.0-12.5 Morne-a-Cabrit
Usable wood weight 0.204(DBH)? 0.98 3.0-12.5 Morne-a-Cabrit
Total aboveground biomass ~ 0.033h¥ d,? 0.99 2.8-6.6 Nan Marron
Usable wood weight 0.027h% d,? 0.99 2.8-6.6 Nan Marron

! DBH = Stem diameter at 1.3 m above ground level, in cm. d = Stem diameter at 0.30 m above ground level, in cm. h
= Total tree height, in m. n = Number of stems at 0.30 m above ground level.

Growth Performance: The oldest trials of C. arborescens were established by the FAO
project in the mid-1970s. Later in the 1980s, several trials were established by the
USAID Agroforestry Outreach and AFII projects and the World Bank Projet Forestier
National. Table 2.2 compiles the growth rates and yield information available for sev-
eral of the trials. The species failed at the highest elevation site (Tranquille) as well as
on the coastal sites that receive severe drought, such as Cabaret and Jean Rabel.
However, Nan Marron is probably the driest site and the species is performing well,
being the same small-leaf variety that is common in the area. The Haut Camp and Lapila
sites have an adequate rainfall distribution, but the soils are extremely shallow and
rocky. In contrast, the fastest growth occurs on alluvial, lowland sites such as Fauché,
near Grand Goave, and Roche Blanche, near Croix-des-Bouquets. Early height growth
of 2.5 m yr'! has been observed. The O’Gorman trial, located only 5 km east of Roche
Blanche, is also an alluvial site, but with a combination of less rainfall, poorer soils, and
perhaps a poorly-adapted provenance. Moortele (1979) indicates that the source of the
seed was from Grenier, a much higher (el. 800 m) and wetter location than the trial site.
Figure 2.10 summarizes the height growth of the species in Haiti.

Tree Improvement: There are distinct varieties in the species that are adapted to a wide
range of growing conditions in Haiti. Farmers growing in moist and wetter sites prefer
the taller and faster large-leaf variety for timber wood; the small-leaf variety is adapted

.to shallow and rocky soils common to the dry regions of Haiti under 1000 mm rainfall.
The first priority in the improvement of this species was to focus on the large-leaf vari-
ety for the moist regions of Haiti where the species is most developed as a timber tree.
The establishment of seed orchards is the surest method to guarantee the harvest of pure
large-leaf varieties and to achieve the uniformity in seedling performance that the
farmer is seeking.
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Table 2.2 Site and growth parameters for C. arborescens trials in Haiti.

SITE ELEVATION ANNUAL AGE SURVIVAL HEIGHT DBH? DRY WOOD
(m) RAINFALL  (yr) (%) MAIL  MAL YIELD
(mm) (m) (cm) (kg tree™)
* Laborde ) 1875 1.0 57 04 — —
Tranquille 850 v 1385 2.7 48 0.5 — —
Fauché 5 1436 3.0 70 2.6 2.7 13.7
Haut Camp 180 2281 3.0 69 0.5 — —
Marmont 280 1450 3.0 21 13 1.6 4.9
Roche Blanche 2 75 1100 3.0 63 12 — —
Terrier Rouge 20 1293 3.0 33 0.9 0.9 14
Bombardopolis 480 948 34 31 T 11 — —
Lapila 350 1145 34 88 0.8 0.9 1.8
Békin® 100 1397 35 93 14 14 4.9
Nan Marron 450 600 4.8 87 0.8 OAS 2.8
Roche Blanche 1 75 1100 5.0 97 1.4 1.6 124
Limbe 400 2057 52 78 1.2 1.0 5.5
O'Gorman 70 830 52 19 04 0.5 13

! MLA.L = Mean annual increment. > DBH = Stem diameter at 1.3 m above ground level, in cm. * Reported as

Schaefferia frutescens.
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Figure 2.10 Height growth of C. arbo-

rescens in Haiti.
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Between 1988 and 1991, 53 trees of
the large-leaf variety were selected for
superior traits: straight stem form, wide
and horizontal branch pattern, small
crown size, and vigor. An additional 6
trees of the small-leaf variety were
selected for inclusion in progeny trials on
drier sites. Seed was collected from more
than two-thirds of the candidate trees and
seedlings were propagated for seedling
seed orchards, progeny trials, and arbore-
ta throughout Haiti. The seed orchard at
Roche Blanche contains the entire prog-
eny collection and perhaps the widest
genetic base of the species in Haiti.

There is significant variation in
vigor among half-sib families of the
large-leaf variety, particularly on drough-
ty sites such as Lapila (Fig. 2.11). The
top-ranked family is growing at twice the
rate as the lowest-ranked family. Certain
families are consistently the top-ranked
families across a range of sites, being
managed in the orchards for seed pro-
duction and future progeny testing. It is
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expected that seed from such a wide genetic base shows a level of increased vigor.

Continued germplasm work with C. arborescens should not neglect the small-leaf
varieties for the drier regions where the species is under severe pressure from grazing
and charcoal making activities. These varieties show adequate and steady growth, tol-
erating the severe droughts and rocky limestone sites common to these areas.

Family
HEIGHT (m) 321 (Mersan)
¢ 309 (Grande Plaine)
. 308 (Belladere)
B gg 310 (Source Crab)
2 © 7. ¢ 305 (Band Roche)
A g 306 (Paridon)

. e 304 (Band Roche)

. 302 (Nan Roi)
P . 303 (Nan Roi)

1.0 2.2 3.3 4.4

TREE AGE (yr)

Figure 2.11 Comparison of height growth among C. arborescens half-sib families at
Lapila, near Pignon. Means followed by the same letter are not significantly different at
p=0.05.
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Figure 3.1 C. alliodora selected as a perennial garden species near Port Salut.
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Species: Cordia alliodora (Ruiz Lopez & Pavon) Oken.

Family: Boraginaceae

Synonyms: Cerdana alliodora Ruiz & Pavon, Cordia alliodora (Ruiz Lopez & Pavon)
Cham., C. geracanthus Jacq.

Common Names: H - bois de rose (bwa woz), b01s soumis (bwa soumi), chéne caparo
(chenn kapawo), chéne franc (chenn fran), chéne noir (chenn nwa); RD - capa, capa de
olor, capa de sabana, capa o laurel, capd prieto, guacimilla; C - varia, varia prieta, varia
colorada, varia amirilla.

Importance: This species is an ideal timber species for traditional agroforestry models
utilizing multi-tiered perennial crops characteristic of the lakou garden. The natural
form of the tree provides an excellent mix of shade, as well as valuable lumber, and
should be considered as an integral component in coffee-growing regions of Haiti.

Taxonomy and Botanical Features: The genus Cordia includes some 200 species
ranging from shrubs to large-trees (Liegel and Stead, 1990). Large differences in mor-
phological and phenological features exist among varieties of C. alliodora and have cre-
ated considerable taxonomic confusion. Two distinct races are recognized in Costa Rica.
The distinguishing features of the tree are the whorled branches extending in horizon-
tal layers from the main stem and the showy white flowers that cover the canopy during
the dry season (Fig. 3.2). The flowers are clustered tightly in terminal branches, each
flower with a tubular calyx that is 5-lobed and white, turning to brown. Leaf blades are
6.5-15 c¢cm long, with the undersides finely hairy, extending from hairy petioles 9.5-19
mm long. They smell like garlic when crushed. The terminal branches are swollen at the
nodes.

Distribution and Ecology: This species is a native to Haiti, though it is common in
restricted regions. The native range of the species covers the entire Caribbean area and
extends from central Mexico to a broad belt across South America from Peru to Bolivia
and Brazil (Little and Wadsworth, 1964). This extensive range includes an annual rain-
fall from 1000—4500 mm and 0—4 dry months. In Haiti, the species grows from sea level
to about 600 m, mostly confined to the lower foothills of the moist subtropical forest
(sensu Holdridge, 1967) and extending into the wet forest, where there is annual rain-
fall between 1200-2000 mm. It is common in southern Haiti, particularly along the
southwest coast from Port Salut to Tiberon, and in the foothills extending west of the
Chaine de Selle. Dr. Ekman collected plant specimens of the species in the Chaine de
Mathieu on Morne-a-Cabrit in 1927.

The soils where C. alliodora is found along the coastal regions are typically sandy
and gravelly, commonly associated with ravines and river flood plains. The tree is adapt-
ed to a wide range of soils, including deep clayey and calcareous soils on gently rolling
slopes, but it grows poorly on degraded sites and steep slopes. It naturally regenerates
on abandoned fields and pastures. Seedlings have been found beneath 2- to 4-year-old
stands at several sites where C. alliodora had been planted for the first time.

23
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Tree Characteristics: Tree heights up to 20
m have been measured in Haiti with stem
) diameters 20-40 cm and exceptionally
) straight and cylindrical stems. The tree
' vEH T attains heights over 40 m in Costa Rica.
iy B . L Clear boles to 12 m are not uncommon for
mature trees, with a narrow crown reaching
! \ 4-5 meters (Fig. 3.3). The tree is self-prun-
Yo 5;3‘ . " ing and deciduous, though differences occur
= s among provenances for leaf retention and
FV._", v branch patterns. Most of the wood volume is
ST APILE concentrated in the main stem of medi-
m&(' V\:""' o um-sized trees, an ideal characteristic for
(B b pole and lumber production and agro-
forestry systems that optimize spatial fac-
tors.
| This species has superb features as an
agroforestry tree, with superior vertical
form, self-pruning lateral branches and a
narrow crown. The tree generally does not
Figure 3.2 A shower of white flowers coppice, but root suckers can be prolific on
spreads over the canopy of a four-year-  moist sites.
old C. alliodora tree during the dry sea- The olive-brown heartwood has a decora-
son. tive appearance with black streaks and a
specific gravity 0.44-0.52. The grain is
straight to slightly interlocked and seasons well with only a slight warp (Chudnoff,
1984). 1t is easy to work, finishes smoothly and is readily glued. The durability of the
heartwood varies according to the color of the heartwood, though it is generally resis-
tant to dry-wood termites but not to borers.

The tree flowers throughout the year in the Caribbean, with a peak during the dry
season (December to February). Seed develops within 1-2 months after flowering and
is ready for harvest from February onward. The seeds are borne in the tubular calyxes
of the flower clusters and require climbing of the tree for harvest about 2-3 weeks prior
to natural seedfall. The trees at Cazeau began bearing full crops of seed at 5 years with
good germination. There are between 20,000-30,000 seeds kg'!, though as many as
100,000 seeds kg are found in its native range.

Utilization: In areas where the species is common, Haitians consider the wood similar
to the fine quality of C. longissima and use it for the same basic purposes. Poles har-
vested from the coppice or thinnings are utilized mostly in house construction and as
climbing stakes for crops. It yields an excellent lumber that is used for furniture, carv-
ings, construction, doors, windows, flooring, and crossbeams, fetching an equivalent
price to C. longissima. The erect form and short crown, with evenly-spaced branch
whorls, cast an excellent shade that is not too dense for a wide assortment of understo-
ry crops. As such, it is widely planted in Central America for coffee shade and orna-
ment. The tree’s potential has not been fully utilized in Haiti, where C. alliodora could
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easily replace shade species such as Inga vera and Albizia saman with a more valuable
harvest potential. The flowers of the tree are an important source of food for bees dur-
ing the dry season. The seeds and leaves are used in home medicines, mostly for ail-
ments related to throat infections and chest colds. A leaf decoction compress is applied
to sores (Liogier, 1990).

" m Propagation: Seedlings are raised from

i seed either as stumps, striplings, or in con-

' tainers for field planting. The seed loses via-

| bility rapidly after several weeks unless it is

" ! properly stored at low moisture contents (<

2 ' 10 % moisture content and 4-5° C). Seed is

Gyrn - sown directly in containers and lightly cov-

~ered with potting medium. Propagation in

»_ - small containers, such as Rootrainers and

A Winstrips, require approximately 18-20

weeks for seedlings to reach sufficient size

for field planting. Shade is required for the

first 3-4 weeks prior to full sun. No serious

pests or diseases have been encountered

i with propagating the species from seed in

' Haiti.

| Stump planting is a slower and less-uti-

I lized method, though cost saving, to propa-
I

A

p

s
#

N gate the species. Raised nursery beds are
sown in rows 15 cm apart and thinned to a
Figure 3.3 C. alliodora grows tall and spacing of 15 cm x 15 cm. Stumps are pre-
straight, with a self-pruning bole thatis  pared when root collar diameters reach 1
harvested for lumber. cm; shoots are pruned to 5-10 cm and roots
are pruned to 10-20 cm. Seedlings up to 3
m tall have been balled and transplanted with 100% survival (Johnston and Morales,
1972). Transplanting of volunteers from beneath select stands is another alternative that
is utilized in Asia and Central America.
Grafting methods are employed for clonal seed orchard stock, with the side-veneer
technique (Boshier and Mesén, 1987), though techniques are difficult and are not prac-
ticed for general purposes.

Growth Performance: The species has failed at Cabaret and Terrier Rouge, both sites
being too severe for the species with droughts extending 3—5 months. Table 3.1 sum-
marizes the data that are available for the growth of this species in Haiti. Survival is
mediocre, averaging 50-60%. After 3 years, annual growth in the Central Plateau can be
considered marginal with annual height increments under a meter. In contrast, at low
elevation sites with soils ranging from sandy loams (Bérault, Fauché, Cazeau) to clayey
loams (Pémel, Roche Blanche), annual height increments of 1.5-2.0 m are normal (Fig.
3.4). Trees selected for superior traits at Cazeau, the oldest trial known to exist in Haiti,
are averaging annual height and stem diameter increments of 2.3 m yr! and 2.9 cm yr,
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Table 3.1 Site and growth parameters of C. alliodora trials in Haiti.

SITE ELEVATION ANNUAL AGE SURVIVAL HEIGHT DBH?
(m) RAINFALL  (yr) (%) MAIL'  MAL
(mm) (m) (cm)
Bérault 25 1950 3.0 61 1.9 —
Fauché 5 1436 3.0 40 15 15
Marmont 280 1450 3.0 53 0.7 0.5
Pémel 75 1875 30 69 1.1 1.2
Roche Blanche 130 1030 3.0 85 1.6 17
Terrier Rouge 20 1293 3.0 5. 0.1 —
Cazeau 5 30 1200 55 90 23 2.9

'M.A.L = Mean annual increment. DBH = Stem diameter at 1.3 m above ground level.

respectively. Because of the tree’s high light requirements, stands need to be thinned
intensively for good crown development. Densities of 180 stems ha™ are used for cocoa
plantations in Costa Rica (Lamprecht, 1989).

Tree Improvement: The earliest introduction of provenances for testing in Haiti
occurred in 1984 when Operation Double Harvest introduced a single provenance,
CATIE 1382, from San Carlos, Costa Rica. Four candidate trees were selected from this
provenance in 1989 for progeny testing in aboreta and a seedling seed orchard in
Marmont. An additional 6 provenances were introduced by International Resources
Group in 1988 from Central America. After 3 years, the COHDEFOR 7488 provenance
from northwestern Honduras appears to be better adapted than the Costa Rican prove-
nances on drier sites, retaining its leaves and branches for longer periods during the dry
months and producing seed as early as 2
years. However, significant variation in HEIGHT (m)
height growth occurs within each prove- 6
nance as well as across sites (i.e., significant BERAULT |1 MR LINE
site x provenance interactions)- suggesting s| e SLANCHE
that selection at both the individual and ,,/,'FAucm::
provenance levels merit consideration for 7/
breeding purposes. No significant differ-
ences in survival have been observed among 7
provenances. /
There is considerable variation among
the seed lots that have been tested in Haiti.
As in Cedrela odorata, differences among
provenances are readily observable in the
bark, branching pattern and leaf phenology
(Fig. 3.5). ‘ e
B?cause the species has. excellent TREE AGE (1)
potential as an agroforesty candidate, such
differences among the varieties may play an ~ Figure 3.4 Height growth of C. alliodo-
important role as selection criteria. 7@ in Haiti.
However, the current provenance trials rep-

A MARMONT
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resent a fairly narrow range of growing conditions in Haiti. This can be remedied only
by testing the species on a wider range of sites, particularly in the higher-elevation cof-
fee-growing areas. The tree is a natural shade/lumber candidate and should be tested
with several agroforestry options and additional seed from advanced generations of the
tree improvement program in Costa Rica.
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Figure 3.5 Differences in leaf retention and branching pattern are striking among C.
alliodora provenances collected from its extensive native range.



Figure 4.1 A mature C. longissima, valued by Haitians for shade and lumber. Inset —
flowers of C. longissima.
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Species: Catalpa longissima (Jacq.) Dum. Cours.

Family: Bignonaceae

Synonyms: Bignonia longissima Jacq., B. quercus Lam., Catalpa longissima (Jacq.)
Sims, Macrocatalpa longissima (Jacq.) Britton

Common Names: H - chéne (chenn), bois chéne (bwa chenn), chéne haitien (chenn
peyi), chéne noir (chenn nwa), chenier; RD - roble, roble de olor; J - Jamaica-oak, mast-
wood, yokewood; PR - roble Dominicano, Haitian catalpa; US - Haitian oak; M - radé-
gonde.

Importance: C. longissima is one of the best-known lumber species in Haiti. Ask the
Haitian fishermen what their boats are made of and the response is usually chenn. The
superior wood quality and local demand for chenn are reflected in local lumber prices
that are higher than the price of the renowned West Indies mahogany (Swietenia mahag-
oni). The tree typically is distributed along the coastal and river plains, where farmers
manage the species with important food crops such as plantains (Musa x paradisiaca)
and sweet potato ([pomea batatas). The sparse crown does not compete with understo-
ry crops as with other tree species with denser shade.

Taxonomy and Botanical Features: The common name of this species is derived from
the French and Spanish names for oak (Quercus: Fagaceae). The Catalpa genus is com-
prised of few species in Haiti, of which C. longissima is the largest in size. As is typi-
cal of other Catalpa members, the showy white flowers are bell-shaped with a faint
pinkish tinge on the inside of the 5-lobed corolla (Fig. 4.1 inset). The tree is recognized
immediately by an abundance of long, stringy pods, up to 40 cm long, that are light
green turning to brown and twisting open to scatter hundreds of soft cottony seeds to
the wind. The pods are persistent, hanging on the outside of the crown and giving it a
stringy appearance. From a distance, the crown has a soft, bushy texture with slightly
wavy branches forming a cylindrical canopy. Chenn nwa may refer to a darker heart-
wood variety or any one of several Cordia species that exist in Haiti.

Distribution and Ecology: C. longissima is native-to the islands of Hispaniola and
Jamaica, but has become naturalized throughout the Caribbean as an ornamental and
timber species (Adams, 1972). Natural stands of Haitian oak are most typically found
near the coastal flood plains and alluvial fans of rivers, below an elevation of 250 m,
that receive an annual rainfall of 10002000 mm (Fig. 4.2). It tolerates seasonal flood-
ing and it is common to see nearly pure stands of the species, as along the Ennery River
near Passe Reine or in the valley of the Limbé river. As one travelsinto the mountains
up to an elevation of 1000 m, the tree is found mostly as an occasional specimen of
ravines and courtyards of Haitian homes, associated with other common species of the
subtropical moist forest: mango (Mangifera indica), avocado (Persea americana),
simarouba (Simarouba glauca), colubrina (Colubrina arborescens), mahogany
(Swietenia mahagoni) and coconut (Cocos nucifera).

The soils most commonly associated with Haitian oak are the calcareous alluvial
deposits of sand, silt and gravel common to the coastal plains as well as the rivers and
ravines that drain the mountains. Typically, these soils have a pH range of 7.0-8.2 and
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Figure 4.2 Stands of C. longissima are common along stream courses and river flood
plains, as shown here near Baie-de-Henne.

good drainage. Though Haitian oak is found on a wide range of sites, it performs poor-
ly where the dry season drought is combined with shallow and rocky soils. It rarely is
found in the lowland dry forest that is comprised mostly of the thorny Prosopis and
Acacia species and becomes just as rare as one reaches 1000 m in elevation. It is shade
intolerant.

Average size-class distributions of the species, as cultivated by Haitian farmers,
were studied in Lascahobas (Campbell, 1994). Less than 8% of the tallied stems were
in the saw timber class, defined as having trunks larger than 25 cm. Over half of the
population were seedlings and saplings under 10 cm DBH. The balance of the popula-
tion was in the 1-2 pole merchantable class.

Tree Characteristics: The juvenile form is often multi-stemmed and bushy, eventually
developing into a single-stemmed tree with a narrow crown:DBH ratio. Dominant
heights in Haiti reach up to 28 meters, with an average around 19 m. Stem diameters
of most of the mature trees in Haiti are between 25-40 cm, though individuals up to 80
cm are sighted occasionally. Natural crown diameters spread to 18 m. However, Haitian
oak growing in field gardens is pruned heavily and rarely does the crown exceed 6 m
(Fig. 4.3). The traditional method of pruning the lateral branches keeps the crown nar-
row and is a common feature where the tree is associated with understory crops such as
plantains, sweet potatoes, corn and beans. The tree tolerates pruning well, which not
only allows more light and rainfall penetration, but provides fuelwood and aids in the
development of the bole for lumber production.
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Figure 4.3 C. longissima is typically pruned to
allow more sunlight to reach understory crops and
to increase its value as lumber.
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Haitian oak begins to flower
at an early age, usually within 2
years from seed. The flowers of
the species range in color from
white to pink. During the
months of June, July and
November, most trees are fruit-
ing with long, stringy, cylindri-
cal pods up to 40 cm that split
open and scatter hundreds of
small brown seeds, 1 mm wide
and 8 mm long, and enclosed
with cotton-like fiber.

Throughout the year, cater-
pillars and beetles attack mature
trees sometimes causing serious
defoliation. At other times of the
year, mostly at the beginning of
the rainy season, it is common to
see juvenile trees defoliated by
caterpillars, tortoise-shell bee-
tles, and skeletonizers (Fig. 4.4).

The wood exhibits hues of
light gray to a darker near-
chocolate color. A local seed col-
lector claims that the darker-
wooded wvariety, sometimes
known as chenn nwa (black
oak), can be distinguished by the
reddish hue of the maturing seed
pod. The wood varies in density
from 0.60 to 0.80 g/cm® with a
straight grain that is easily
worked (Longwood, 1962).

Utilization: As a living tree, Haitian oak provides a light shade that is influenced in part
by defoliation and is controlled further by pruning. As mentioned previously, an impor-
tant byproduct of pruning the tree is fuelwood. However, where the tree grows well, the
primary importance of Haitian oak is for the production of lumber. It ranks second to
mango as the main source of lumber in Haiti, though its wood is much more valuable.
Haitian oak is the wood of choice for fishing boats (Fig. 4.5). As a furniture wood, it is
favored over mahogany for its resistance to wood borers and for the natural grayish-
brown, lustrous color of its heartwood. The color of the wood is not as age-sensitive as
the color of mahogany. Statues and woodcarvings made of Haitian oak generally are left

in their natural color (Fig. 4.6).
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The poles commonly are
harvested from coppice stems
that sprout from mature stumps.
In the urban areas of Port-au-
Prince, the poles are used mostly o Qo N/
as supports for the pouring of o :
concrete ceilings and building CLE
multi-story buildings. In the rural ,
areas, the poles are used chiefly o ' o
for house construction, both as : / "
vertical posts and horizontal
beams and rafters. The leaves of
Haitian oak are used in a decoc-

" tion and taken orally for fevers, N ’ g " “
dysentery, hemorrhoids and res- o e AL
piratory problems (Weniger, L _' T
1985; Rouzier, 1990). N S PR R

Propagation: Haitian oak is
regenerated naturally by seed that
is wind blown great distances
from the mother tree. Volunteers
left in place were the source of
60% of the trees of known origin
in the Lascahobas region
(Campbell, 1994). The rest were ‘
volunteers that were transplanted
to another location. In many
areas of Haiti, farmers transplant
volunteers to more secure and
fertile areas of their land and thus guarantee the eventual harvest of wood. After the
mature tree is harvested, basal sprouts regenerate to provide a second, more valuable
harvest (Fig. 4.7). Up to 20% of the C. longissima stems that one tallies on a farm is
coppice. However, alternative means to propagating the species are numerous, the only
limiting factors being the technical knowledge and input costs of the various options.
Josiah (1989) summarized the methods of propagating Haitian oak utilizing con-
tainerized systems, such as the Rootrainer or Winstrip. Problems associated with rais-
ing Haitian oak seedlings in the nursery are 1) variability in seed viability among seed
lots and seasons, 2) seed predation in the nursery by ants, rats and mice, 3) occasional
insect infestations of mites, caterpillars, aphids, leafminers and white fly, 4) occasional
fungal diseases such as leafspot (Alternaria, Botrytis, and Cercospora), and anthrac-
nose, caused by Colletotrichum (Runion et al., 1990). Seed germination rarely exceeds
40% in the nursery. Factors that greatly affect the seed quality of Haitian oak are many,
the most important being parent source, seed crop season and storage conditions. It is
more critical to store the seed at low moisture content than at low temperature. Moisture
content should be maintained between 5-7% (wet weight basis); storage temperatures

Figure 4.4 C. longissima is heavily attacked by a
number of defoliating insects. Inset — Caterpillar
feeding on C. longissima.
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Figure 4.5 C. longissima is an important source of wood for boat building.

between 4-19° C, the equiva-
lent to the range between a
refrigerator and an air-condi-
tioned room, are adequate, pro-
vided that the seed is stored in
air-tight containers.

Vegetative techniques have
been observed in Haiti, though
the practice is not widely uti-
lized. Campbell (1994) tallied
only one tree that was estab-
lished as a cutting by farmers
in Lascahobas. Branch cuttings
have rooted successfully at a
CARE nursery near Barbe
Pagnol. In another case, a
farmer near Petit Goave
demonstrated air-layering and
stooling methods with the
species. These methods were
successful in propagating supe-
rior phenotypes. The advan-
tages of vegetative methods are
1) insured genetic superiority
and uniformity, 2) low techno-
logical costs and 3) increased
survival and growth of the
propagule. Considering the

il . -

Figure 4.6 The beauty and working ease of C.
longissima is a favorite among Haitian wood carvers.
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limited number of seedlings
that the average Haitian farmer
demands, vegetative propaga- e \

tion of Haitian oak will be adis- | %
tinct feature of this species’ ! O ' . o
. 7. . .. TS RS
future in Haiti. w A& 3%‘ “ e a
Five grafting methods were ™ oA | '
experimented with C. longissi- % "

ma at Double Harvest in
October, 1988. The methods
utilized scion material collected
from superior tree candidates
and rootstock propagated in 10
cm polythene bags. None of the
grafting methods was success-
ful. However, the experiment
was not exhaustive and such
factors as season, rootstock
vigor and budwood quality were
not studied.

Biomass Studies: Ehrlich et al.

(1986) developed biomass and

volume tables for this species

based on a stand of Haitian oak

near Limbé that ranged in stem

diameters from 2 to 20 cm. Figure 4.7 C. longissima coppice, ready for second
These tables are based on the lumber harvest. Inset — Close up of coppicing
allometric relationship between  stump.

an easily measured parameter,

such as DBH, and biomass. These relationships are expressed in the equations provid-
ed in Table 4.1.

Compared to species such as Leucaena leucocephala, the tree has low biomass
coefficients, meaning that most of the wood 1s contained within a stocky single stem
rather than in a heavily branched canopy. This attribute is one that makes C. longissima
a favorite lumber species, especially if the tree is managed on a regular pruning cycle.
No volume tables for lumber have been recorded for Haitian oak.

Growth Performance: The tree grows moderately fast on freely-drained alluvial sites
that receive at least 1000 mm annual rainfall. The best early growth of the species has
been observed at the progeny trial near Laborde (Cayes) and the seed orchard at Roche
Blanche (Croix-des-Bouquets), where average height increments of 1.2-1.4 m y' dur-
ing the first 3 years and survival rates above 90% were recorded (Fig. 4.8). The oldest
trial of Haitian oak was established by FAO at Vaudreuil (Bihun, 1982). Average heights
of 2.5 min 2 years, 6 m in 7 years and 7.5 m in 10 years were recorded at a survival rate
of 65 %. However, Haitian oak performs poorly on sites where soils are extremely shal-
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Table 4.1 Equations used to estimate biomass components (kg dry weight) of C. longissima in
Haiti, after Ehrlich (1986).

COMPONENT REGRESSION EQUATION! R DBH RANGE SITE
(cm)
Total aboveground biomass  0.242(DBH)* - 0.54 0.95 1.7-10.8 Limbé
Usable wood weight 0.179(DBH)* - 0.83 0.96 1.7-10.8 Limbé
Usable wood weight 0.12(sd)? - 2.28 0.93 3.0-13.5 Limbé
Pole volume (x 10° m*) 0.277(DBH)? - 2.031 0.95 5.0-108 Limbé

! DBH = Stem diameter at 1.3 m above ground level, in cm. sd = Stem diameter at 0.1 m above ground, in cm.

low and rocky, such as the Haut Camp and Lapila sites, or in areas that experience
lengthy droughts, such as the Terrier Rouge and Nan Marron sites. On these sites, the
species never achieves growth rates worthy of wood production.

A summary of several trials in Haiti is provided in Table 4.2. The tree does not
sprint in height growth like Leucaena, but develops more slowly. The poor height rank-
ings are mostly indicative of the early fast growth of the exotics that were established in
the same trial. After 3 years, wood yield is negligible at such off-site locations as
Bombard, O’Gorman and Lapila. The species would be considered a failure at these
sites. Growth ranges at the Terrier Rouge and Fauché sites are suboptimal for the poten-
tial of these sites for the species, because of inadequate management during the first
years of establishment. The Roche Blanche trial is averaging annual wood yields of 6.7
kg tree! for the first 3 years. The
Vaudreuil site, about 10 km to the east of HEIGHT (m)

Roche Blanche, yielded about 1.5 kg tree! 9 /

yr'! over the 10 year period (1975-1985). 1M/YR LINE
The Laborde site is remarkable in that the 8 |- VAUDREUIL
species is conspicuously absent in the ,,»

area. The former use of the land was fal- 7 |-
low pasture, as shown in the illustrations S
(see Fig. 4.9 and Fig. 4.10). The tree is ¢ | ROCHE BLANCHE /
growing very well on the sandy loam soil /

in association with Cedrela odorata andis s |- Y,
achieving annual wood yields of 1.7 kg | /. LaBORDE

-1 /i
tree™. ‘ 4 - /1 //

Tree Improvement: An effort began in ,|  // ¥ FAUCHBE & MARMONT
1988 to improve the quality of the species | // O'GORMAN

as a timber species. A country-wide selec- '
tion of candidate trees was made for qual- |/ /% TERRIER ROUGE
itative characteristics that contribute to /"' HAUT CAMP

the economic value of Haitian oak. These NAN MARRON

traits include stem form, height to the pri- A
mary fork, branching patterns, and resis- 0 1T 2 3 45 6 7 8 5 1011 1213
tance to disease, insects and wind. A total TREE AGE (yr)

of 127 mother trees were selected

throughout Haiti. Seed was collected Figure 4.8 Height growth of C. longissima
from two-thirds of the selected candi- in Haiti.
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Table 4.2 Site and growth parameters of C. longissima trials in Haiti.

SITE ELEVATION  ANNUAL AGE SURVIVAL HEIGHT DBH? DRY WOOD
(m) RAINFALL (yr) (%) M.AL' M.A.L YIELD
(mm) (m) (cm) (kg tree’")

Lapila 350 1145 1.0 90 0.6 —
Bombard 480 948 1.0 76 0.6 —
Plaisance 360 1900 1.5 62 0.1 —
Cazeau 30 1200 2.1 97 1.7 -

Colin 650 1300 2.2 78 0.6 —
Passe Catabois 120 987 2.2 65 0.8 —

Grand Bassin 70 1300 2.3 40 0.4

Crocra 30 1490 3.0 89 0.6 0.6 0.6
Fauché 5 1436 3.0 39 1.0 1.3 1.9
Haut Camp 180 2280 3.0 90 0.4 — —
Laborde 90 1875 3.0 99 1.4 1.9 52
Marmont 280 1450 3.0 72 1.0 1.1 1.1
Roche Blanche 2 130 1030 3.0 86 0.4 —
Terrier Rouge 20 1293 3.0 57 0.5 0.5 —
Nan Marron 450 600 3.4 32 03 0.2 —
Roche Blanche | 130 1030 5.0 96 1.2 2.2 20.0
O'Gorman | 70 830 5.3 74 0.5 0.6 1.2
O'Gorman 2 70 830 5.3 89 0.5 04 0.1
Vaudreuil 55 830 10.0 65 0.8 0.9 14.7

! M.A.L = Mean annual increment. * DBH = Stem diameter at |.3 m above ground level, in cm.

Figure 4.9 Pasture site before trial establishment...
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Figure 4.10 ... and 4 years later, showing excel-
lent growth of C. longissima.
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dates and established in a series of
progeny trials and seedling seed
orchards throughout Haiti. All
progeny tests and orchards are com-
prised of open-pollinated stock.

No maternal effects have been
detected for 3-year survival and
height growth. Within-family varia-
tion is as large as inter-family dif-
ferences. For example, at the
Laborde progeny trial near Cayes, a
23% difference between the first-
and last-ranked families in height
growth (4.7 m v. 3.8 m) at 3 years
was not significant. Survival like-
wise was the same across families,
ranging from 96—-100%. This find-
ing directs further breeding strate-
gies towards selection of individu-
als that can be vegetatively propa-
gated and installed in second-gen-
eration orchards.

The orchard of 55 half-sib fami-
lies at Roche Blanche probably
contains the broadest genetic base
of C. longissima in its native range.
The orchard began yielding seed in

the second year. The photo in Fig. 4.4, taken at this orchard, shows the seasonal insect
defoliation that often attacks the species when it is under drought stress. But it also
underscores the worth of an investment to conserve a genetic diversity that can better
cope with changes in pests and growing conditions of such an economically important
tree species. Several periodic studies on the intensity of defoliation exhibited no family
differences. However, the effect of annual attacks may be causing growth differences
among families, with the top families showing superior vigor and an advantage of
40-50% in height growth over 5 years. The 2 largest individuals in the orchard come
from the same mother tree, a positive indication that improvement can be made in Haiti.
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Figure 5.1 Farmers like S. glauca growing in their fields because it grows tall, straight,
and reaps good lumber.
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Species: Simarouba glauca DC. var. latifolia Crong.

Family: Simaroubaccae

Synonyms: Simarouba medicinalis Endl., S. officinalis Macfad., S. officinalis DC.
Common names: H - bois fréne (bwa fiwenn), bois blanc (bwa blan), d’olive (doliv),
fréne (fwenn), RD - daguilla, daguillo, juan primero, laguilla, olivio, palo amargo; C -
gavilan; J - bitter damson; G/M - acajou blanc; US - simarouba, princess tree; F - bois
amer, quinquina d’Europe.

Species: Simarouba berteroana Krug. and Urban

Family: Simaroubaceae

Common names: H - bois fréne (bwa fwenn), fréne (fwenn), fréne étranger (fwenn
etranje); RD - aceituna, daguilla, juan primero, olivio.

 Importance: S. glauca is one of the major sources of fast-growing, medium-grade lum-
ber in Haiti. It is well adapted to the agricultural landscape, regenerating naturally
beneath mango and other mature trees. The fast, straight growth and wide adaptability
on shallow soils of Haiti’s mountains combine to make this tree an attractive choice for
agroforestry. The seed kernel is underutilized and has potential for supplying Haitains
with a source of oil.

Taxonomy and Botanical Features: There are 6 species of Simarouba in tropical
America, two of which are native to Haiti (Liogier, 1985). The common S. glauca var.
latifolia is easily distinguished from the less common S. berteroana by the leaves. Those
of the former are dark, shiny green above, oblong, and often notched or smooth at the
apex. S. berteroana leaves are a lighter dull green, lanceolate and have a prominent beak
at the apex (Fig. 5.3 inset). A third Simarouba species, planted during the 1950s and
1960s in the vicinity of Lake Peligre, probably was introduced from abroad. Locally
known as doliv, it is distinguished from S. glauca by a smaller bivalved seed and young
growth that is light green rather than reddish. It appears to have a shorter bole and a
heavier crown.

Fwenn is the Creole name derived from the French word for ash (Fraxinus:
Oleaceae). Bwa blan is heard more often in the northern part of Haiti, whereas fwenn is
used for the species in the south. Where S. glauca co-exists with S. berteroana, the lat-
ter sometimes is referred to as fwenn etranjé (foreign ash), though both are native to
Haiti. The specimen identified as S. glauca (Ekman 3036), collected in 1925 by Dr.
Ekman near Ganthier, is S. berteroana, as described by Liogier (1985).

Distribution and Ecology: S. glauca is a common native of the Greater Antilles,
Florida, Mexico and Central America. It is found mostly in Haiti as an associated
species of the subtropical moist forest (sensu Holdridge, 1976), occurring from sea level
to about 800 m. It shares the overstory position with the other common trees of the
home and humid perennial gardens: mango (Mangifera indica), royal palm (Roystonea
borinquena), avocado (Persea americana), plantain (Musa X paridisiaca) and as shade
for coffee (Fig. 5.2). The species is found on the rocky, shallow calcareous soils of
mountain slopes and ridges as well as on the deeper soils of the ravines and alluvial
plains.
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S. berteroana is endemic to Hispaniola and found scattered throughout the country
at elevations 100-600 m. The range of the species overlaps with S. glauca in the wetter
regions, though much less common, and extends into the drier zones which S. glauca
does not prefer.

S. glauca is shade tolerant and occurs as an understory tree, particularly under the
canopy of large fruit trees where birds perch and deposit the seed. Birds relish the ripe
drupes and play an important role in seed dispersal from March to July. The species does
poorly on severely degraded sites and approaches the limits of its optimal range in
regions of Haiti receiving less than 1200 mm annual rainfall. Stressed seedlings in these
areas often are attacked by caterpillars and stem borers during the dry months. However,
the bitter leaves are avoided by livestock, an advantage for seedlings that develop slow-
ly on tough sites.

Tree Characteristics: A remarkable attribute of Simarouba is the straightness of the
bole across sites varying widely in soil depth and quality. The tree develops a shallow
root system that is well adapted to mountain soils. Mature trees of S. glauca attain
heights of 25-27 m and stem diameters of 40-50 cm, often with a clear, cylindrical bole
to 9 m. S. berteroana, being found frequently on less-fertile sites, rarely grows taller
than 20 m with stem diameters ranging from 30-40 cm. The form is not as straight as
S. glauca and tends to fork at lower heights (Fig. 5.3). The crown of both species is nar-
row, widths averaging 4-6 m, with a crown width:DBH ratio of 22-25. Boles clear of
branches often extend to two-thirds total tree height and are managed by pruning the lat-
eral branches. Pruning allows the - TV

flexibility to grow the tree as part of '

the upper story of a perennial garden :

or in pure, dense stands of rak bwa , .

(woodlot). The species coppices, '
though not vigorously. Approx- ‘
imately 10% of the trees tallied by
Campbell (1994) were coppice
stems.

At least 2 branch stories or
whorls must be left when pruning S. |
glauca to avoid impairing growth
rates (Lamprecht, 1989). Plantations ] |
have been reported to resist storms '
and drought and are favored over
cashew (Anacardium occidentale)
for such reasons in India (Satpathi, :

1984).

The wood is light (sp. gr. 0.38)
and soft with strength properties
normal for a wood of its density. The
creamy white color of the heartwood
is barely distinguishable from the
sapwood. It is commonly reported Figure 5.2 S. glauca is managed with mixed
in Haiti and other Caribbean islands annual and perennial food crops in the moist
that the wood has a tendency to split  regions of Haiti.
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during sawing. Seasoning with prolonged weather exposure causes severe surface and
end splitting. It exhibits variability in decay resistance, though it is generally considered
low in resistance to decay fungi and highly susceptible to dry-wood termites and marine
borers, contrary to a widely held belief that the characteristic bitter taste of the bark and
wood impart a resistance to insects (Longwood, 1962).

The plant is dioecious with both unisexual and bisexual flowers. The seed orchard

Nt e e

Figure 5.3 S. berteroana, showing the
typical habit of the species. Inset -
Slender and pointed leaf shape of S.
berteroana

at Roche Blanche began bearing seed at 3
years, though full seed production is
achieved at 6 years. Male trees made up
approximately 40% of the population in a
plantation established in India (Satpathi,
1984). These were eliminated and replaced
with bisexual plants for seed production.
There are 1600—1800 seeds kg™ for S. glau-
ca and 1100-1300 seeds kg' for S. bert-
eroana.

Utilization: The moderate density, softness,
and ease of working, make S. glauca a pop-
ular wood for house construction and com-
mon furniture of the Haitian farmer. The
combination of fast growth, broad adaptibil-
ity, and ample natural regeneration provides
an adequate supply for local wood industries
in such regions as Maniche in the south-
western Haiti (Fig. 5.4).

The wood generally is sawn into planks
that are easy to work as a general utility
wood. Certain staining fungi that attack the
wood actually enhance its appearance for
decorative uses. The wood industry in
Central America uses the species in match

manufacture, plywood core, veneer, wood chips and lumber.

S. glauca yields an edible oil from its seeds. The aceituno fat also is used for soap
production in India, where plantations have been established for commercial produc-
tion. Methods for processing the seed to produce and refine the crude fat, as well as the
physical and chemical characteristics of the aceituno oil, are given in Rath (1987).
Armour (1959) mentions a toxin in the residual cake that is produced during the oil-

extraction process.

All parts of the tree are used for medicinal purposes. The bark is taken as a decoc-
tion or tea for diarrhea and fever. Leaves are used for rheumatism or are applied in the
form of a lotion for body pain, bruises or skin itch. The fruit is edible. During the flow-
ering season, it is visited by swarms of bees and is considered an important honey plant.

Propagation: S. glauca regenerates well under the deep shade of mango, where birds
perch and drop the seed after eating the sweet pulp (Fig. 5.5). It also is dispersed by
other small fauna that feed on the fruit. A lizard species (Ctenosaura similis) in Costa
Rica has been observed to ingest the fruit and disperse intact seeds away from the moth-

er trees (Traveset, 1990).
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Figure 5.4 Men sawing S. glauca in the Maniche area, where the species supplies a
local lumber industry.

For the most part, trees found in the Haitian landscape are regenerated naturally.
However, farmers occasionally transplant volunteer seedlings or sow seeds in new loca-
tions. Nursery beds for stumps or bare-root seedlings are a recent development of agro-
forestry and forestry projects in Haiti (Fig. 5.6) and are better suited for local produc-
tion of seedlings where natural regeneration is scarce. Stumps or balled seedlings are
transplanted during the rainy season when root collar diameters reach 0.7-1.0 cm.
Vegetative techniques include air-layering, cuttings and grafting (Satpathi 1984;
Armour, 1959).

Special considerations are needed to propagate the species efficiently in containers.
It is preferred to sow fresh seed, within a month following harvest, and prepare the seed
by cracking the endocarp to overcome dormancy barriers. Emergents have a tendency
to loop or lie on their sides. Sowing the seed on its side partially overcomes this prob-
lem; extra seed is sown in germination beds for replacing deformed seedlings. Young
seedlings under shade are susceptible to root- and stem-rot diseases that should be con-
trolled by proper watering and fungicide treatments. Sunscald is a problem when
seedlings are placed in the sun directly from the shade. This problem is avoided if the
seedlings are conditioned properly. Approximately 12 weeks are required to raise
seedlings in the rigid cell containers, with the initial 4 weeks in the shade and the final
month being hardened off (Josiah, 1989).

Seed Research: Seed of this species exhibits dormancy as a result of the hard seed coat.
Seed that are viable by the tetrazolium test fail to germinate. Furthermore, the high ol
content of the seed causes the seed to lose viability after a couple of months when it is
stored at ambient conditions. Drying to seed moisture contents below 10% and storing
in air-tight containers improves seed longevity.
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Figure 5.5 Natural regeneration of S. glauca under a harvested mango tree, where birds
once perched and dropped seed after eating the sweet pulp.

Seed-coat dormancy can be overcome by extracting the kernel from the endocarp
or by cracking the endocarp prior to sowing (Timyan and Vaval, 1993). Both these treat-
ments showed significant improvements in germination over the control, increasing
total germination 2-fold in the nursery. Soaking the seed in either cold or hot (80° C)
water for 24 hours did not affect germination. However, height growth was slower for
seedlings that germinated from the extracted kernels than for the other seed treatments.

Growth Performance: Both species generally exhibit good to excellent survival, even
on poor sites with shallow soils and drought periods extending to 4 months (e.g.,
Bombard and Lapila). However, the species are out of their range on low-elevation sites
receiving less than 1000 mm rainfall or sites above 900 m elevation (see Table 5.1 and
Table 5.2). Annual stem increments are slightly higher for S. glauca than S. berteroana,
with the latter species exhibiting a more slender stem, less erect form, and branchier
crown.

1 i i,

Figure 5.6 S. glauca is propagated as bare-root seedlings in a CARE nursery.
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Height growth has never been observed to exceed 2 m yr' for either species (see
Fig. 5.7 and Fig. 5.8). The fastest growth has been measured at the Fauché site (1.8 m
yr! for S. glauca; 1.6 m yr'! for S. berteroana), with the average for the species close to
a meter per year. The oldest trial at O’Gorman in the Cul-de-Sac plain was measured at
9 years and showed a mean annual height increment of 0.5 m and stem-diameter incre-
ment of 0.6 cm for S. berteroana. S. glauca exhibited height increments of 0.7 m and
stem-diameter increments of 0.6 cm in the same trial. However, the O’Gorman site is
not typical of the growing conditions where S. glauca is commercially exploited for
lumber. Fauché and La Jeune are typical sites where the native population is vigorous
and the species is regarded as a valuable shade and timber species. These trials should
be observed carefully to estimate the profitability of growing the species for timber.

Tree Improvement: The selection of S. glauca provenances for superior wood proper-
ties has been examined in Africa, based in part on seed collected in Haiti (Ergo and
Deschamps, 1984). A great deal of heterogeneity was found among the seed sources
throughout its native range in the Caribbean and Central America. Most variability was
attributed to genetic differences, indicating the potential of tree improvement within the
species. ‘

Between 1988 and 1991, a selection of superior phenotypes was conducted in areas
of Haiti where significant populations occur: La Jeune area of the Plateau Central,
Maniche area of the southwest, the Grand-Anse, and areas of Bainet and Jacmel. A total
of 79 plus trees were selected, of which 35 trees were harvested for seed and propagat-
ed for establishment in seedling seed orchards, progeny trials, and arboreta. The same
approach was employed for the endemic S. berteroana. Nine of 14 selected trees were
harvested and established in orchards and progeny trials. Some of the orchards of the

Table 5.1 Site and growth parameters of S. glauca var. latifolia trials in

Haiti.
SITE ELEVATION ANNUAL AGE SURVIVAL HEIGHT DBH?
(m) RAINFALL  (yr) (%) MAL' ~— MAL
(mm) (m) (cm)
Laborde 2 90 1875 1.0 92 0.5 —
La Jeune 400 1145 2.0 88 1.2 —
Paillant 600 1300 2.0 69 0.4 —
Tranquille 76-11 900 1450 2.9 41 0.2 —
Bombard 480 948 3.0 75 0.8 0.8
Fauché 5 1436 3.0 77 1.8 2.0
Haut Camp 180 2280 3.0 82 0.4 0.5
Marmont 280 1450 3.0 48 0.9 0.8
Roche Blanche 130 1030 3.0 84 1.6 2.0
Terrier Rouge 20 1293 3.0 57 0.7 0.8
Lapila 2 350 1145 3.2 52 0.7 0.9
Lapila 1 ) 350 1145 34 90 1.2 1.3
O'Gorman 76-10 70 830 53 85 0.9 0.8
O'Gorman 76-9 70 830 5.3 74 1.2 0.5
O'Gorman 76-6 70 830 9.0 41 0.7 0.4
Vaudreuil 75-1 55 830 10.0 53 1.0 1.2

! MLA.L = Mean annual increment. > DBH =Stem diameter at 1.3 m above ground level.
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Table 5.2 Site and growth parameters of S. berteroana trials in Haiti.

SITE ELEVATION  ANNUAL AGE SURVIVAL HEIGHT DBH*
(m) RAINFALL  (yr) (%) MAL' ~ MAL
(mm) (m) (cm)
Laborde 2 90 1875 1.0 100 0.9 —
Tranquille 76-10 850 1385 .27 32 0.3 —
Marmont 280 1450 3.0 36 1.2 1.1
Fauché 5 1436 3.0 66 1.6 1.5
Roche Blanche 130 1030 3.0 80 1.6 1.8
Terrier Rouge 20 1293 3.0 62 0.9 0.8
Lapila 2 350 1145 32 69 0.8 . 0.8
O'Gorman 1 70 830 9.0 49 0.4 0.6

! M.A.L = Mean annual increment. > DBH = Stem diameter at 1.3 m above ground level.

latter species are isolated from S. glauca; others are adjacent and may produce hybrid
seed. There is evidence that the two species hybridize, with seed collected from wild
populations of S. glauca showing traits of S. berteroana. Future studies should be ori-
ented toward better understanding the role that hybrids may play in wood properties,
survival and growth rates. Attempts to broaden the genetic diversity of S. glauca by
importing seed from the OFI collection (UK) and the Dominican Republic were unsuc-
cessful, with the seed failing to germinate in the nursery.

No maternal effects have been shown for either species in survival or height growth
after 3 years. There is as much variance within the half-sib families as there is between
them. The populations in Haiti appear to be quite uniform, though selection at the indi-
vidual level in the progeny and seed orchards is planned at the time of the first thinning.
The seed orchard at Roche Blanche, established in 1989, began bearing seed in May,
1993 at 3 1/2 years.
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Figure 5.7 Height growth of S. Figure 5.8 Height growth of S. ber-

glauca in Haiti. teroana in Haiti.



Figure 6.1 A mature S. mahagoni shelters the couftyard of a rural residence.
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Species: Swietenia mahagoni (L.) Jacq.

Family: Meliaceae

Synonyms: Cedrela mahagoni L., Cedrus mahagoni L., C. mahogani (L.) Miller,
Swietenia fabrilis Salisbury, S. mahogoni (L.) Lam.

Common Names: H - acajou (kajou), acajou pays (kajou peyi); C, PR, RD - caoba,
caoba de Santo Domingo, caoba dominicana; J, PR, US - Dominican mahogany, small-
leaf mahogany, West Indian mahogany, West Indies mahogany.

Species: Swietenia macrophylla G. King

Family: Meliaceae

Synonyms: Swietenia belizensis Lundell, S. candollei Pittier, S. krukovii Gleason &
Panshin, S. tessmannii Harms

Common Names: H - acajou étranger (kajou efranje), acajou du Venezuela (kajou
venezwela), acajou du Honduras; RD - caoba hondurefia; PR - caoba de Honduras; PR,
US, J - big-leaf mahogany, Honduras mahogany, mahogany, Venezuelan mahogany.

Importance: S. mahagoni, one of the world’s premier cabinet woods, was the original
mahogany in the commercial trade and was exported from Hispaniola as early as the
sixteenth century. It is broadly adapted to dry rocky sites where other premier timber
species are not productive. It naturally regenerates well and hybridizes with S. macro-
phylla for faster growth and superior form. S. macrophylla, introduced from Central
America and naturalized in the wetter regions of Haiti, offers expanded opportunities
for agroforestry and lumber production.

Taxonomy and Botanical Features: Most botanists recognize 3 species in the genus
Swietenia (S. mahagoni, S. macrophylla, and S. humilis), though the degree of
hybridization and intermediate types among the species blurs this distinction
(Pennington and Styles, 1975). The broad symmetrical crown and short trunk is char-
acteristic of the native S. mahagoni. The leaves are even pinnate, 10-18 c¢m long, and
bearing 4-10 pairs of shiny, dark green leaflets, lance-shaped, 2.5-5.0 cm long by

0.7-2.0 cm broad. The light brown seed capsule stands upright, about 610 cm long by
4-5 cm diameter, with 5 valves splitting upward from the base. Each valve releases
about 20 flat brown winged seeds, 4—6 cm long. Features that are characteristic of the
naturalized S. macrophylla are the smoother and lighter bark, straighter and longer bole,
narrower crown in proportion to total tree height, and larger leaves. The leaves are
20-40 cm, with 6-12 pairs of shiny leaflets, 6.5-15.0 cm long. The seed capsule is
12-18 cm long and 7.5 cm diameter, with 5 valves that split from the base, each with 2
rows of 10-14 winged brown seeds, 8—11 cm long (Fig. 6.2). S. macrophylla outcross-
es with S. mahagoni in Haiti to produce hybrids with intermediate leaf sizes, but inher-
its more the form and growth rate of S. macrophylla and the wood qualities and dro'ught
resistance of S. mahagoni (Whitmore and Hinojosa, 1977).

Distribution and Ecology: S. mahagoni is native to the western Caribbean, including

Hispaniola, Jamaica, Cuba, Bahamas and south Florida. It now occurs throughout the
tropics as a timber species, having problems naturalizing in other countries.

47
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Figure 6.2 Five-parted seed capsules
are a characteristic feature of Swite-
tenia. The capsules of S. macrophylla,
shown here, are larger than those of S.
mahagoni.

S. macrophylla occurs naturally from the
Yucatan in Mexico to Brazil. It is a lowland
species, most frequently found from sea level to
450 m.

In Haiti, S. mahagoni is common at eleva-
tions of 100—500 m, mostly inhabiting the drier
hillsides where it is better adapted than the
introduced S. macrophylla. Soils are mostly
calcareous and annual rainfall ranges from
8002000 mm with a 2-3 month winter
drought. The seed capsules fully ripen during
the dry season, with the winged seed dispersed
widely by the winds.

Pure and dense stands of the species occur
rarely, observed only in areas of the Plateau
Central where the species is very common.
Typically, the species is scattered as isolated
trees across the agricultural landscape and
occurs in remnant populations. In the drier
habitats of the Northwest, commonly associat-
ed species are bwa blan (Phyllostylon
brasilense), divi-divi (Caesalpinea coriaria),
bwa kapab (Colubrina arborescens) and gayak

(Guaiacum sp.). In the moist forest, associates are sed (Cedrela odorata), bwa doti
(Petitia domingensis), chenn (Catalpa longissima) and bwa ple (Colubrina

arborescens).

S. macrophylla was introduced into Haiti during the 1940s by SHADA
(Société Haitienne-Américaine pour le Développement Agricole) at Bayeux, on the
northern coast, and at Franklin, in the southwest (Fig. 6.3). Since that time, it has been

[
!

¥

Figure 6.3 One of the original S. macrophylla stands at Franklin, about 40 years after

its introduction to Haiti.
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distributed as roadside plantings and has been established in small private plantations in
the Cap-Haitien and Jérémie areas. The species performs poorly on alkaline soils, par-
ticularly on the soft whitish limestone clays, locally known as fif, and on shallow rocky
soils of the dry slopes and ridges. It prefers sheltered conditions and well-drained soils
in areas of Haiti that receive more than 1800 mm annual rainfall and below 500 m cle-
vation. Natural S. macrophylla x S. mahagoni hybrids are found in most areas where S.
macrophylla has been introduced, notably in the Limbé/Riviere Salé region and Fond-
des-Negres. Additionally, seed lots of the hybrid have been imported from Puerto Rico
and St. Croix since 1989 and have been established in growth trials with both of the par-
ent species. S. humilis occurs in scattered trials throughout the country and has been
introduced to Haiti only since 1989.

Tree Characteristics: The typical form of mature S. mahagoni has a short, buttressing
trunk, up to 1 m diameter and 2-3 meters high, with a large, spherical crown, many
heavy branches and dense shade. The bark is smooth and gray on young trees, turning
to a scaly dark reddish brown on large trees. Superior individuals have been selected
with clear bole lengths up to 12 m. Maximum tree heights rarely exceed 24 m and aver-
age 18 m with spreading crown diameters up to 15 m. Average crown:DBH ratio for
this species is 22.4 (sd 2.74). The tree is deciduous where there are severe droughts,
with a characteristic reddish flush of
=¥-% . new leaves at the beginning of the

1 rains (Fig. 6.4).
\, : The form of S. macrophylla is
A /';{:"L‘ superior for lumber production, hav-
SR ing a narrower crown and clear boles
‘ up to 16 m. Tree heights have been
measured up to 30 m at Franklin, with
stem diameters 40—60 cm, averaging
an annual increment of 1 ¢cm yr' dur-
. ing the past 50 years. The crown of
young trees is narrow; that of older
trees becomes broad, dense, and high-

ly branched.

Wood properties of the two
species differ. S. mahagoni is harder,
with a heartwood that is brownish
red, deepening with exposure and
age. S. macrophylla is lighter pink
brown, with a grain not as fine. Both
woods have similar density (0.5-0.8)
with straight grain that is sometimes

| Wavy, roey, and figured. The sapwood
, of both species is very susceptible to
| decay and insects. Many farmers and
Figure 6.4 S. mahagoni is deciduous in the woodworkers in Haiti complain of the
drier regions of Haiti. attack (piké) on juvenile S. mahagoni
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trees by various borers. However, the heartwood of S. mahagoni is highly resistant to
decay and insect attack, performing better than all other mahoganies on the world mar-
ket (Moses, 1955). West Indies mahogany is noted for its low and uniform shrinkage
and its ability to hold its shape much better than other woods of similar density
(Longwood, 1962). The wood works well and finishes to an exceptionally smooth, lus-

Figure 6.5 Detail of classic mahogany
furniture made in Haiti.

trous surface.

Both species flower in Haiti during the fall
and produce seed during the late winter peri-
od from January to March. Seed weights
range from 2100-2800 seeds kg' for S.
macrophylla to 6000-8700 seeds kg for S.
mahagoni. The seed of neither species stores
well. The best storage conditions are at very
low seed moisture contents (3 % wet weight
basis) and low storage temperatures (-20 to 2°
C). Seed does not remain viable for longer
than 2 months when stored at ambient condi-
tions in Haiti.

Utilization: This is the wood of choice for
high-class furniture and cabinetwork, joinery,
yachts, and pattern work (Fig. 6.5). Logs usu-
ally are hauled in from the rural areas in short
3-meter lengths rather than being sawn (Fig.
6.6). Woodcarvers use a significant amount

Figure 6.6 Logs of S.mahagoni in Port-au-Prince waiting to be sold for wood carving

and furniture making.
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of the wood in turnery and sculpture. Much of the branchwood and crooked stems is
converted to charcoal, particularly in the regions of Haiti isolated from the urban mar-
kets by poor roads. High-grade timber is used locally for window frames, doors, sills
and interior woodwork, or is exported to the urban market.

S. mahagoni is a medicinal plant throughout the Caribbean. The bark is con-
sidered an astringent and taken orally as a decoction for diarrhea, as a source of vita-
mins and iron, and as a medicine used to induce hemorrhage. When the bark is steeped
to a red liquid, it is taken to clear blood, increase appetite, and regain strength in cases
of tuberculosis (Ayensu, 1981).

Farmers generally plant the species along the boundary of gardens or around
the courtyard garden, where it provides deep shade. A widespread belief in Haiti is that
S. mahagoni dries the soil and makes it “hot.” This is particularly true in the drier
regions where soil moisture is already marginal for adequate crop production. §. macro-
phylla does not suffer this reputation, being planted in regions of Haiti where rainfall is
greater than 1500 mm and used as shade for coffee.

Propagation: Most farmers in

Haiti who transplant seedlings

do so from naturally-regener-

ated stock in the field (Fig.

6.7). The species generally is

propagated from seed for

| mass production of seedlings

| in containerized systems, such

as the  Winstrip and

Rootrainer. Seed is sown

\ | shortly after harvest, consider-

ing the short viability of the

| seed under ambient condi-
tions. Seed usually is pre-
i pared by breaking the seed
u wing to facilitate germination.
The heavy part of the seed is
planted into the soil with the
top portion slightly exposed.
Looping of the hypocotyl is a
problem and these seedlings
are replaced with transplants
from a germination bed. Both
species require about 18
weeks to prepare seedlings for
outplant, with the initial 3

weeks in the shade and the
Figure 6.7 Transplanting volunteer seedlings is the  final 4 weeks for hardening

easiest method for establishing S. mahagoni at new  off. Sunscald is a problem if
locations. the seedlings are exposed
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directly to the sun from shade, requiring acclimation to full-sunlight conditions.
Damping off and root-rot problems are the most serious nursery diseases and can be
controlled by proper watering and fungicide treatments. The root plug of the species is
loose and special precautions are required in lifting out the seedlings.

Growth Performance: The growth data on S. mahagoni in Haiti are surprisingly
sparse considering the widespread occurrence of the species (Table 6.1). It is more
drought hardy than S. macrophylia (Table 6.2) and generally exhibits higher survival
and growth on sites receiving less than 1000 mm rainfall. The trial at O’Gorman is typ-
ical of the performance of S. mahagoni in Table 6.1 compared to S. macrophylla in
Table 6.2 on a dry site. Survival is 4-fold and mean annual diameter increments are 2-
fold. Even height growth is faster for the more drought-tolerant native species. On
favorable and wetter sites such as Fauché, growth of S. macrophylia is rapid, achieving
twice the annual height increments of S. mahagoni. Whereas S. macrophylla can
achieve 2 m yr', S. mahagoni rarely grows faster than 1 m yr, even on sites where
moisture and soil depth are not limiting. Figure 6.8 and Figure 6.9 compare the height

Table 6.1 Site and growth parameters of S. mahagoni trials in Haiti.

SITE ELEVATION  ANNUAL AGE SURVIVAL HEIGHT DBH*

(m) RAINFALL (yr) (%) M.A.L' MA.L

(mm) (m) (cm)
Fauche 5 1436 3.0 84 1.4 14
Marmont 280 1450 3.0 71 1.2 1.2
Marmont 280 1450 3.0 44 1.0 0.9
Roche Blanche 130 1030 3.0 48 1.1 1.2
Terrier Rouge 20 1293 3.0 71 0.6 0.3
O'Gorman 70 830 9.0 85 0.6 0.6
Vaudreuil 55 830 10.0 89 0.8 1.1

I'ML.A.L = Mean annual increment. * DBH = Stem diameter at 1.3 m above ground level, in cm.

Table 6.2 Site and growth parameters of S. macrophylla trials in Haiti.

SITE ELEVATION ANNUAL AGE SURVIVAL HEIGHT DBH?

(m) RAINFALL  (yr) (%) MAIL' MAL

(mm) (m) (cm)
Berault 25 1950 3.0 53 2.0 22
Labordette 375 1350 3.0 - 44 0.6 1.0
Fauche _ 5 1436 3.0 47 22 2.1
Marmont 280 1450 3.0 32 14 1.5
Marmont 280 1450 3.0 44 1.0 1.0
Roche Blanche 130 1030 3.0 30 1.0 1.0
O'Gorman 70 830 53 22 0.4 0.3
Vaudreuil 55 830 10.0 75 1.0 1.2

!'M.A.L = Mean annual increment. > DBH = Stem diameter at 1.3 m above ground level, in cm.
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growth of the two species on several
sites in Haiti. The trials are more typ-
ical of sites that are preferred by S.
mahagoni, biasing the true potential
of S. macrophylla. The best examples
are the former SHADA plantations
near Anse d’Hainault and Bayeux and
several private plantations near Cap-
Haitien. The tree grows poorly on the
shallow, rocky soils of steep slopes
and ridges, as in the case of the
Labordette trial.

The trial at Marmont is situated
in the Central Plateau where S.
mahagoni is a dominant species.
Early growth rates are favoring S.
macrophylla and the hybrid, S. macro-
phylla x S: mahagoni, over the native
species. However, survival rates are
still higher for S. mahagoni and a
steady growth rate over a longer peri-
od may be superior.

Survival is not a problem for S.
mahagoni, tolerating drought better
than S. macrophylla. However, the
broad canopy of the tree discourages
pure wood lots and the slow growth
makes it difficult for farmers to seri-
ously consider this species for inten-
sive silviculture. For this reason,
farmers rarely propagate the species,
preferring instead to rely on natural
regeneration and transplanting wild-
ings at wide spacings. It is difficult at
this stage to predict the role of the
hybrid. It is reported to be more
drought resistant than S. macrophylla,
though this will be difficult to prove
with so few sites where the hybrid and
both parents occur at the same age. At
Roche Blanche and Marmont, where
such a situation occurs, the hybrid has
not shown any advantage in survival.
Results in height growth are mixed
(Fig. 6.10). Growth rates for the few
sites where it has been established in
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trials are provided in Table 6.3.

HEIGHT (m)
5

Tree Improvement: A total of 17 S.
mahagoni and 18 S. macrophylla were
selected between 1988 and 1991 for supe-
rior traits. The major selection areas for S.
mahagoni were in the Central Plateau, the
Northwest, and in scattered populations in
the southern peninsula. Superior pheno-
types of S. macrophylla were selected in
even-aged plantations in the Jérémie and
Cap-Haitien areas. Several provenances of
- 8. macrophylla were introduced from
Central America and established in prove-
nance trials and seed orchards to broaden
the genetic base of the introduced species.
The open-pollinated S. macrophylla x S.
mahagoni  hybrid was imported from
Puerto Rico and St. Croix on three occa-
sions and established with both parent

‘ W MAC[]HYBRID [ |MAH

A RMONT ARBORETUM R. BLANCHE ORCHARD species in stands for growth comparisons
MARMONT ORCHARD 1
and to encourage back-crossing of the
TRIAL SITE & &

hybrid with the local S. mahagoni for more
drought-resistant stock. The hybrid, with a
narrow crown and a straight clean stem,
resembles more the traits of the mother
parent, S. macrophylla, and appears to be a
good choice for agroforestry (Fig. 6.11).
Problems of variability and a narrow genetic base inherent to hybrids should be studied
further to improve their potential for widescale forestry purposes.

Figure 6.10 Height growth comparisons
of Swietenia spp. after three years.
MAC = S. macrophylla; HYBRID = S.
macrophylla x S. mahagoni; MAH = .
mahagoni.

Table 6.3 Site and growth parameters of S. macrophylla x S. mahagoni hybrid trials
in Haiti.

SITE ELEVATION ANNUAL AGE SURVIVAL HEIGHT DBH?
(m) RAINFALL (yr) (%) M.A.L! MA.L
(mm) (m) (cm)
Marmont 1 280 1450 3.0 52 1.3 1.2
Marmont 2 280 1450 3.0 68 1.2 1.2
Roche Blanche 1 130 1030 3.0 32 0.9 0.9
Roche Blanche 2 130 1030 4.0 80 1.6 1.9

!M.A.L = Mean annual increment. 2 DBH = Stem diameter at 1.3 m above ground level, in cm.
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Figure 6.11 Comparison of S. mahagoni (left) with a S. macrophylla x S. mahagoni
hybrid (right) after three years of growth in the Cul-de-Sac Plain.
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Figure 7.1 R. borinquena is an important source of food, fiber and construction mate-
rial for rural populations in Haiti. Inset — The royal palm is displayed proudly in the
Haitian coat of arms.
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Species: Roystonea borinquena O. F. Cook

Synonyms: Oreodoxa borinquena (O.F. Cook) Reasoner ex L.H. Bailey, Roystonea his-
paniolana Bailey, R. hispaniolana {. altissima Moscoso, R. peregrina L. H. Bailey
Family: Arecaceae (=Palmace)

Common Names: H - palmiste (palmis), palmier royale; RD - palma palma deyagua,
palma real; US - Hispaniolan royal palm, Puerto Rico royal palm, royal palm.

Importance: This is one of the most useful trees in the moist lowlands of Haiti, pro-
viding a source of food for pigs, fiber for weaving and thatch, and construction mater-
ial. Nearly every part of R. borinquena can be utilized for domestic purposes or for sale
in the market. The stately tree is a symbol of patrimony, and is positioned in the center
of the Haitian flag (Fig. 7.1 inset).

Taxonomy and Botanical Features: The genus is native to the Caribbean, and is named
in honor of General Roy Stone (1835-1905), who served in Puerto Rico during the
Spanish-American War. Bailey and Moore (1949) recognized 12 species, though there
may be fewer than this when a revision of the genus is completed (Henderson et al.
1990). The center of diversity for the genus is recognized as eastern Cuba (Zona, 1993).

R. borinquena and R. hispaniolana, though often reported as distinct species, may
be considered synonyms (S. Zona, personal communication). The palm is recognized
by a smooth gray and solitary trunk up to 0.5 m diameter that is slightly swollen at mid-
height; a light green column of leaf sheaths about 1.5 m high between the trunk and the
crown of large pinnate leaves; leaf blades about 2.5— 3.5 m long, with-many paired pin-
nae 0.4-0.6 m long, the youngest unfolded leaf projecting as a spire from the middle of
the crown; male and female flower clusters at the base of the leaf sheaths; and light
brown, slightly fleshy, elliptical fruits approximately 1 cm in diameter.

Distribution and Ecology: R. borinquena occurs in Puerto Rico, Vieques, St. Croix
(Little and Wadsworth, 1964) and throughout the island of Hispaniola, from below sea
level near Lake Enriquillo to about 1000 m elevation (Zanoni, 1991). It is found most
frequently in the lower mountain areas beginning at 150 m, preferring the moist to wet
forest regions that receive 1000—2000 mm annual rainfall. It does not occur in the dry
limestone regions except near water sources. The tree is abundant in the upper
Artibonite watershed (Fig. 7.2). In one study of the courtyard gardens around
Lascahobas, royal palm was the most common species, including all size classes, and
ranked third behind mango and avocado in the number of mature trees over 25 cm stem
diameter (Campbell, 1994). Though a dominant tree of the upper canopy layer in the
gardens near rural residences, most of the population is distributed in favor of the juve-
nile-size classes that are not considered mature for timber harvest. The species is dis-
persed largely by farmers who harvest the fruit to feed pigs, but also by birds and
rodents.

Tree Characteristics: Mature palms reach 20 m tall with crown diameters approach-

ing 5 m (Fig. 7.3). The grayish smooth trunk has a slightly broad base that narrows
before swelling some distance above. The evergreen crown has more than a dozen
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Figure 7.2 R. borinquena is particularly abundant in the lower elevations of the moist
regions of Haiti. '

gracefully curved and spreading leaves that separate smoothly from the trunk after they
die. Faint leaf scars at the nodes form a distinctive pattern along the trunk and are vari-
ably spaced according to growth rate and tree age. The tree flowers throughout the year.

Utilization: The species is one of the most utilized tree species in the subtropical moist
forest. It is planted as a stately ornamental in the urban residential areas. In the rural
areas, the standing tree is often used to store grain. A hole is cut through the trunk at
about 6 m above ground and corn is balanced on each end of a pole running through the
hole (Fig. 7.4). This practice discourages rats from getting to the corn. As an important
honey plant, the flowers attract bees that also make their hive in trunk segments pre-
pared by farmers (Fig. 7.5). The fruit clusters are served to pigs that are often tethered
at the base of the trunk or in deep shade (Fig. 7.6). When pigs are given fresh fruit, they
eat the fleshy outer part and leave the kernel to dry for later consumption. The proxi-
mate analysis of Roystonea truit from Cuba, on a dry weight basis, is as follows: 6.1%
crude protein, 23.6 % crude fiber, 26.6% crude fat, 39.4% carbohydrates, and 4.3% ash
(Gohl, 1975).

The palm generally is felled when the hard outer trunk is mature for lumber, about
15-25 years of age (Campbell, 1994). Thin planks are hewn with a machete along the
stem axis, about 10 cm wide and 4-6 m long, and are utilized mainly for roof lattice,
flooring, and siding in the construction of houses and granaries (Fig. 7.7). The lumber
1s reportedly very susceptible to attack by dry-wood termites (Little and Wadsworth,
1964). The palm cabbage (i.e., heart of palm) is wrapped carefully in the leaf sheath and
sold as a food item, particularly at Easter time. Leaf segments of the young furled fronds
are used for weaving chair seats and hats. The dried sheaths (tas#) of mature fronds,
when pressed flat, are used as roofing and siding material and are readily sold in local
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Figure 7.3 R. borinquena is planted for its majestic beauty as well as its useful prod-
ucts.
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markets as a cheaper substitute for cor-
rugated tin sheets. The sheaths also are
prepared for packing tobacco and
molasses sugar (rapadou) or for insulat-
ing glass bottles. The leaf blades serve as
thatch for graineries, outdoor kitchens,
and field huts. The frond ribs are used as
fuel.

Propagation: The majority of seedlings
are volunteers that are left to grow wher-
ever they germinate. Seed dispersal is
aided significantly by transporting the
ripe seed to feed pigs and the almost con-
tinuous availability of fruit to wild ani-
mals. Very few seedlings are transplant-
ed once they have germinated, though it
is possible to transplant the tree even at
very large sizes. Next in importance are
those seedlings that are cultivated by
sowing the seed in selected areas of the
property. Very rarely is the tree propagat-
ed from seed in containers, except as an
ornamental in the urban residential areas.
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Figure 7.4 R. borinquena is typically used
for dry grain storage high and away from
rats.

Figure 7.5 A Roystonea grove provides an excellent site for an apiary, providing both
hives made from the trunks and a source of nectar and pollen from flowers.
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Seedlings are propagated easily from seed. The exocarp is removed from the ker-
nel prior to sowing. Germination takes 2—4 weeks under constantly moist conditions.
Good drainage is necessary to keep the seed from rotting.

/

Figure 7.6 The fruit of R. borinquena is a valued source of food for pigs and birds that
act as important dispersal agents for regeneration to new sites.

e

Figure 7.7 R. borinquena is an important source of construction material for granaries
and houses, particularly in the Central Plateau.
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Figure 8.1 C. odorata planted in a typical residential setting in Bombardopolis.
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Species: Cedrela odorata L.

Family: Meliaceae

Synenyms: Cedrela dugessii Watson, C. glaziovii C. DC., C. guianensis Adr. Juss., C.
mexicana M. J. Roemer, C. occidentalis C. DC., C. pavaguariensis Martius, C. sin-
tenisii DC., C. velloziana M.J. Roemer., Surenus brownei Ktze.

Common Names: H - acajou a planches (kajou planch), acajou femelle (kajou femel),
cedre (séd), ceédre blanc (sed blan), cédre espagnol (séd panyol), cédre rouge; C, RD,
PR - cedro, cedro del pais, cedro hembra, cedro macho; PR - Spanish cedar.

Importance: Cedrela odorata is prized for its valuable aromatic wood. In Haiti, as

elsewhere in the tropical America, the species is exploited heavily for domestic use or

for sale in the urban market. The tree provides a wide variety of products and services, -
making it a good choice for traditional perennial-oriented cropping systems. Because of

the value of the wood, local populations have been reduced severely. Optimal conditions

necessary for natural regeneration are deteriorating, thus adding importance to contin-

ued efforts in provenance testing and genetic conservation of the species in Haiti.

Taxonomy and Botanical Features: The genus Cedrela has involved several systemat-
ic revisions, causing some confusion in the taxonomy of C. odorata L. Styles (1981)
reduced the number of species within the genus to 7 and considers 28 other named
species, including C. mexicana M. J. Roem., as C. odorata. Naturally, there is a signif-
icant amount of population variation in the species, with differences expressed in the
bark, foliage and wood. The common native variety is close in appearance to the prove-
nances imported from Colombia and Costa Rica and is distinguished as séd wouj (red
cedar). Characteristic features include a rough fissured bark, reddish-green color of new
growth, and sessile leaflets. In contrast, the provenances from Honduras, Belize and
Guatemala exhibit a light green color of new growth, smoother bark, larger leaflets with
petioles, and varying degrees of pubescence. Mature trees of this variety are less com-
mon in Haiti and are known as séd blan (white cedar). Both varieties have alternate
leaves, about 20—-60 cm long, consisting of 820 pairs of elliptical leaflets. The incon-
spicuous flowers are 4-parted, greenish-white, and about 10-16 mm across. Seeds are
borne in a reddish-brown capsule, are nearly round with light-colored dots, 1620 mm
in diameter, and split into four parts to release 3040 winged seeds. Tree parts give off
a bitter, characteristic scent that smells like garlic (Little and Wadsworth, 1964).

Distribution and Ecology: The natural distribution of the species extends from Mexico
and the Caribbean to Argentina (Longwood, 1962; Smith, 1965). Optimum growth con-
ditions for the species are found in the moist forest, with annual precipitation of
1200-1800 mm and 4-5 dry months. The majority of the remnant population in Haiti is
located in the mountain elevations extending from 200-800 m elevation and over 1500
mm rainfall. However, scattered native populations have been located in drier habitats,
such as Bombardopolis (900 mm rainfall) and on coastal plains of wetter locations,
including the Plaine du Nord, Cayes, Petit-Goave, Arcahaie and Anse-a-Veaux regions.
The tree usually is seen isolated among other tree species of the subtropical moist for-
est, occuring near ravines and courtyard gardens. Occasionally, stands of C. odorata are
found as shade for coffee groves.
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The species is not demanding of soil nutrients, tolerating soils high in calcium,
though exacting in its soil physical requirements. The species is shallow-rooted and
requires good soil aeration. It prefers sites where the upper root system remains in dry
soil (“ankles dry”) with the major roots near saturated conditions (“feet wet”).
Holdridge (1943) recommended only 11 trees ha in its native range, presumably to
avoid Hypsipyla grandella (shoot borer moth). Trees prefer sheltered conditions and
limited exposure to severe drought. The difficulty in establishing the tree is exacerbat-
ed by deteriorating site conditions and the genetic quality of the existing population.

Tree Characteristics: Mature trees in Haiti have been measured up to 65 cm in stem
diameter and 25 m in height. The average size of trees being cut for saw timber range
from 15-20 m tall with stem diameters 25-40 cm . The trunk is average length, ranging
from 4 m and extending up to 13 m for superior trees. The spreading crown averages
7-8 m in diameter with a crown diameter:DBH ratio of 19.4 (sd 3.62).

The species flowers during the late summer and bears fruit during the winter from
October to March. Trees in higher elevations have been observed to bear later than those
in lower elevations. The species is monoecious and yields seed in isolation, with an
occasional seed lot suffering from a high degree of albinism. Albino seedlings eventu-
ally die in the nursery. The tree bears seed for the first time at about 15 years
(Lamprecht, 1989). There are 40,000-55,000 seed kg™

The natural quality of Spanish cedar wood is known to be variable according to age
and growing conditions of individual trees (Record and Hess, 1943). Rapidly-grown or
young wood is reported to be less fragrant, lighter in color, and tougher than the denser,
pungent-odored timber of old or slowly-grown trees. The heartwood is pinkish to red-
dish brown, becoming richer in color upon exposure, and sometimes poorly distin-
guished from the pinkish to white sapwood. The grain is usually straight, with a texture
that ranges from fine and uniform to coarse and uneven. The distinctive cedar-like odor
is usually pronounced. The average specific gravity ranges from 0.42-0.64, depending
upon location, site, age of tree, and rapidity of growth. C. odorata is moderately
durable, being resistant to dry-wood and subterranean termites, but not to- marine bor-
ers. It is occasionally infested with pinhole borers. It has excellent weathering proper-
ties without the protection of paint (Longwood, 1962).

Utilization: Spanish cedar is a premier timber for furniture, decorative veneer, musical
instruments, wooden novelties and doors. The scent of the wood is used for storage con-
tainers, such as jewelry boxes, wardrobes and cigar boxes. The wood is reported to pro-
tect against insects such as moths. Because of the scarcity of the wood in Port-au-Prince,
such storage containers usually are built from mahogany and lined with thinner sheets
of Spanish cedar for the scent. Coffins made of the wood demand a premium price, as
they are reputed to protect against theft of zombi (dead souls).

The tree is used for shade and windbreak in courtyard gardens and coffee groves
(Fig. 8.2). Branches are used as live fence material and as a source of fuelwood. The
flowers are visited by bees as a source of nectar for honey production. The tree provides
many ingredients as a medicinal plant (Ayensu, 1981). The root bark is used to reduce
fever and pain, the trunk bark is harvested to prepare a decoction for inducing abortions,
and the seeds are believed to have vermifugal properties (Fig. 8.3). Protection against
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Figure 8.2 C. odorata combines high-value
wood production with coffee shade.

Figure 8.3 The bark of C. odorata is
harvested for magical and medicinal
purposes.
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witches is provided by planting the tree
at the entrance of house-and-yard com-
pound, bathing in a bark bath, or placing
pieces of wood and bark above windows
and doors.

Propagation: The transplanting of natu-
rally regenerated seedlings or establish-
ment of branch and stem cuttings are the
most common propagation methods
used by Haitian farmers. However, nat-
ural regeneration from seed is sparse
and widely scattered. The more practical
method is to propagate the species from
branch cuttings harvested during the
late winter dry period and prior to the
onset of the spring rains. Cuttings often
are established as living fences or bor-
der plantings in southern Haiti (Fig.
8.4).

Propagation from seed is most
efficient with containerized systems and
this has been done in Haiti with the
Rootrainer and Winstrip. Seed stores
well at 6-7% moisture content and a

Figure 8.4 C. odorata is commonly
propagated from cuttings to establish
border plantings and live fence rows.



66 Sed

temperature of 4° C for up to 10 years (Timyan, 1990). The seed is sown with the heav-
iest part in the soil. Seedlings are raised in 14 weeks with the initial 6 weeks in the shade
and the final 6 weeks hardening off prior to outplant. Seedlings are susceptible to sun-
scald and require a gradual acclimation to full-sunlight conditions. Insect infestations

Figure 8.5 Spider mite infestations
on C. odorata are occasionally a
problem in container nurseries.

are occasional, such as the citrus aphid
(Toxoptera aurantii) and spider mites (Fig.
8.5). The former may be a vector in a leaf virus
that occasionally attacks nursery seedlings.
Common nursery diseases are leafspot
(Alternaria, Cercospora), stem blight com-
bined with vascular wilt, and anthracnose
(Colletotrichum) as reported by Runion et al.
(1990).

Striplings, stumps or balled seedlings are
lower input techniques that have been used suc-
cessfully for the species. Grafting and budding
methods have been successful for this species,
utilizing the T-bud, veneer and cleft grafts in
Haiti. Scion material was collected during the
end of the dry season from mature trees and
grafted onto 4-month-old rootstock grown in
plastic polythene bags. These techniques are
reserved for the propagation of orchard trees.

Growth Performance: A summary of the trials
in Haiti (Table 8.1) shows the species living up
to its reputation as a tree exacting in its site

Table 8.1 Site and growth parameters of C. odorata trials in Haiti. Within site parameters are
distinguished between several Central American (CA) varieties and the local Haitian (HAT)

variety.
SITE ELEVATION ANNUAL AGE SURVIVAL HEIGHT DBH?
(m) RAINFALL (yr) (%) MLA.L' M.A.L
(mm) (m yr") (cm yr')

Paillant 600 1300 2.0 75.0 0.4 —
Tranquille (HAD) 900 1450 2.7 55.5 0.2 —
O'Gorman (HAI) 70 830 2.9 29.6 0.8 —
Berault (CA) 25 1950 3.0 56.2 22 2.9
Fauché (Hai) 5 1436 3.0 413 2.1 1.9
Laborde (CA) 90 1875 3.0 93.5 1.7 1.5
Labordette (CA) 375 1350 3.0 623 0.7 1.1
Marmont (HAT) 280 1450 3.0 12.0 0.7 1.6
Marmont (CA) 280 1450 3.0 36.0 1.3 1.4
Lapila (HAI) 350 1145 32 25.0 0.3 —
Lapila (CA) 350 1145 3.2 433 0.6 —
Bombard (HAI) 480 948 34 4.8 0.2 —
Bombard (CA) 480 948 34 54.8 0.5 0.6

" MLA.L = Mean annual increment. > DBH = Stem diameter at 1.3 m above ground level, in cm.
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Figure 8.6 Survival of C. odorata accessions from Haiti (401, 402, 1381) compared to

Central American provenances.

requirements. Assuming that most of the trials established before 1989 were planted
from unselected sources in Haiti, at least some of the poor results can be attributed to
the performance of the local variety. In trials where certain provenances from Central
America are planted alongside the local variety, the former outperform in survival and
height growth, even on poor sites (shallow, rocky soil and annual rainfall less than 1200
mm) such as Bombard and Lapila (Fig. 8.6). The only trial in which the local variety is
growing well with acceptable survival is at Fauché, a coastal site with alluvial, sandy
" loam soils and a high water table. After 3 years, height increments are exceeding 2 m
yr!. The trial at Lapila indicates that there is variability in the performance of the local
variety, with 2 accessions exhibiting 6% survival and 0.6 m height growth after 3 years

HEIGHT (m)

and 1 accession with 63% sur-
vival and 1.0 m height growth.

The latter seed lot was collected
from a healthy stand of C. odor-
ata in the mountains behind Petit
Goédve where the species is
grown for lumber and coffee
shade.

The high survival and
growth rates of the Central
American varieties is impressive
(Fig. 8.7) and may correspond to
the faster growth formerly attrib-
uted to C. mexicana (Cintron,
1990). The best sites have the
characterisitic soil and climate
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Figure 8.7 Height growth of C. odorata in
Haiti. Imported accessions from Central
America (CA) are distinguished from local
accessions (HAI).

require: well-drained, sandy
loams with annual rainfall above
1500 mm. Annual height incre-
ments over 2.0 m with high sur-
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vivals, ranging from 60-95%, are not uncommon. The Labordette trial is typical of
mountain garden conditions, with adequate rainfall, but shallow soil and damages
incurred by annual agricultural activities. Two-thirds of the trees survive with annual
height increments under a meter. Over a period of 25 years, the species can achieve
average heights of 32 m and mean annual increments of 12.6 m® ha' (Lamb, 1968).

It is too early to draw conclusions on the importance of this trend. Wood qualities
may differ with differences in the rate of growth and variety. Susceptibility to wind dam-
age and pest attacks may take its toll with unpredictable events, particularly infestations
by larvae of the small moth, H. grandella, and a fungt, Armillaria mellea, that causes
damage to the roots of young trees. The species also succumbs to a die-back of uncer-
tain causes (Marshall, 1939) after early years of good growth.

Tree Improvement: There are two important trends in Haiti that are placing C. odora-
ta at a disadvantage as a cultivated species. First, the exploitation of the species for its
high-quality lumber has resulted in a highly scattered population comprised of isolated
individuals of questionable genetic worth. Second, typical sites that favor natural regen-
eration, survival and growth of the local variety are deteriorating as these soils are com-
pacted and eroded. For these reasons, the major focus since 1988 has been to conserve
and broaden the genetic base of the species by (1) collecting seed from superior pheno-
types, (2) introducing new provenances from other origins within the species’ natural
range and (3) establishing provenance trials throughout Haiti to identify the varieties
that exhibit broad adaptability in Haiti.

Between 1988 and 1991, a total of 36 superior phenotypes of the séd wouj variety
and 7 séd blan variety were selected throughout the natural range of the species in Haiti.
- The progeny of these trees were established in
SN g o ol arboreta and provenance trials along with over
?v\"; v e . !ﬁ,,, a dozen provenances from Central and South

LS N J'er" America (Fig. 8.8). Several commercial seed

/ S ’ it lots from Central American sources were also
tested.

; - The provenances from Belize (OFI 23/77),

K Sy Honduras (OFI 52/79 & COHDEFOR 6888)

v o > +and Nicaragua (OFI 36/78) are performing sig-

S nificantly better than the provenances from

S ﬂ : Haiti, Guatemala (OFI 42/79), Costa Rica
ey b (CATIE 2532) and Colombia (OF1 25/80) for

& both survival and height growth. The Central

I " American provenances that appear to exhibit
the broadest adaptation are from the drier
regions of the species’ natural range. Seedlings
from the drier regions have been observed to
Figure 8.8 Four-year-old C. odorata  €xhibit diffe