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Artocarpus altilis (breadfruit)

Moraceae (mulberry family)

beta (Vanuatu); bia, bulo, nimbalu (Solomon Islands); breadfruit (English); kapiak (Papua New Guinea); kuru (Cook
Islands); meduu (Palau); mei (mai) (Federated States of Micronesia, Kiribati, Marshalls, Marquesas, Tonga, Tuvalu);

mos (Kosrae); ‘ulu (Hawai‘i, Samoa, Rotuma, Tuvalu); ‘uru (Society Islands); uto, buco (Fiji)

IN BRIEF

Distribution Pantropical, very widely dis-
tributed.

Size Commonly found at 12—15 m (4050 ft).

Habitat Grows best in tropical lowlands be-
low 650 m (2160 ft) with rainfall of 1500—3000
mm (60-120 in).
Vegetation Associated with a wide variety of
cultivated plants.

Soils Deep, fertile, well drained soils are
preferred; some varieties are adapted to coral
atolls.

Growth rate Fast growing in favorable condi-
tions, growing 0.5-1.5 m (1.5-5 ft) per year.

Main agroforestry uses Soil stabilization,
overstory, homegardens.

Main products Staple food, medicinal, light-
weight wood.

Yields 160—500 kg (350—1100 Ib) fruit per tree
per year in intensive cultivation.

Intercropping Interplanted with small fruit
trees or short-term fruit and vegetable crops.

Invasive potential Very little potential for
invasiveness.

Diane Ragone
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INTRODUCTION

Breadfruit has long been an important staple crop and a
primary component of traditional agroforestry systems in
Oceania, where numerous varieties are grown. The fruit
can be cooked and eaten at all stages of maturity, is high in
carbohydrates, and is a good source of minerals and vita-
mins. In addition to producing abundant, nutritious, tasty
fruits, this multipurpose tree provides medicine, construc-
tion materials, and animal feed. The attractive, evergreen
trees grow to heights of 15 to 21 m (48 to 70 ft) or more
and the trunks may be as large as 2 m (6.6 ft) in diameter
at the base. The trees begin bearing in 3—5 years and are
productive for many decades. They are easy to propagate,
require little attention and input of labor or materials, and
can be grown under a wide range of ecological conditions.
Most breadfruit is produced for subsistence purposes and
small quantities are available for sale in town markets as
fresh fruit or chips. There is interest in establishing small-
scale orchards to provide fresh fruits and chips for export
from Pacific islands to New Zealand, the United States,
and Canada.

DISTRIBUTION

Native range

The wild, seeded, ancestral form of breadfruit, Artocarpus
camansi Blanco, or breadnut, is native to New Guinea, and
possibly the Moluccas (Indonesia) and Philippines. Bread-
fruit, both seeded and seedless forms, does not naturally
occur in the Pacific islands, although long-abandoned
plantings are sometimes mistaken for wild trees. It was
first domesticated in the western Pacific and spread by hu-
mans throughout the region beginning 3000 years ago.

Current distribution

Breadfruit is cultivated on most Pacific islands, with the
exception of New Zealand and Easter Island. It is now
pantropical in distribution. In the late 1700s several seed-
less varieties were introduced to Jamaica and St. Vincent
from Tahiti, and a Tongan variety was introduced to Mar-
tinique and Cayenne via Mauritius. These Polynesian va-
rieties were then spread throughout the Caribbean and to
Central and South America, Africa, India, Southeast Asia,
Madagascar, the Maldives, the Seychelles, Indonesia, Sri
Lanka, and northern Australia. Breadfruit is also found in

south Florida.
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component of traditional Pacific island agriculture. rroTo: 5.
WISEMAN

BOTANICAL DESCRIPTION

Preferred scientific name
Artocarpus altilis (Parkinson) Fosberg

Family

Moraceae

Non-preferred scientific names
Artocarpus camansi

A. mariannensis

A. communis

A. incisa

Common names
Pacific islands

beta (Vanuatu)

bia, bulo, nimbalu (Solomon Islands)

breadfruit (English)

kapiak (Papua New Guinea)

kuru (Cook Islands)

meduu (Palau)

mei (mai) (Federated States of Micronesia, Kiribati,
Marshalls, Marquesas, Tonga, Tuvalu)



mos (Kosrae)

‘ulu (Hawai‘i, Samoa, Rotuma, Tuvalu)
‘uru (Society Islands)

uto, buco (Fiji)

Other regions

drbol a pan (Spanish)
Larbre a pan (French)
rimas (Philippines)
sukun (Indonesia)

Size

Trees can reach heights of 21 m (70 ft) or more at maturity,
more commonly around 12—-15 m (40—50 ft). The trunk may
be large as 2 m (6.6 ft) in diameter, occasionally growing to
a height of 4 m or more (13 ft) before branching. A white
milky latex is present in all parts of the tree.

Form

Single-trunked tree with spreading, evergreen canopy.

Flowers

Monoecious with male and female flowers on the same
tree and the male inflorescence appearing first. Male flow-
ers are club-shaped, up to 5 cm (2 in) in diameter and 45 cm
(18 in) long. Thousands of tiny flowers with two anthers are
attached to a central, spongy core. Female inflorescences
consist of 1500—2000 reduced flowers attached to a spongy
core. The flowers fuse together and develop into the fleshy,
edible portion of the fruit. It is cross-pollinated, but pol-
lination is not required for the fruit to form.

Leaves

Leaves are alternate, broadly obovate to broadly ovate, al-
most entire, with only slight lobing to deeply pinnately
lobed, with sinuses up to 2/3 or more of the distance from
margin to midrib, with up to six pairs of lobes and a large
apical tip. Blade is generally smooth, glossy, dark green
with green or yellow-green veins, and few to many white
to reddish-white hairs on the midrib and veins. Leaves on
new shoots and root suckers are generally larger and more
hirsute than leaves on mature branches. Size is variable de-
pending on the variety, ranging from 15-60 cm (6—24 in)
long.

Fruit

Fruits are variable in shape, size, and surface texture. They
are usually round, oval, or oblong ranging from g to 20 cm
(3.6-8 in) wide and more than 30 cm (12 in) long, weigh-
ing 0.25-6 kg (0.5-13 Ib). The tough skin is composed of

five- to seven-sided disks, each the surface of an individual

- .
The leaves and fruit are found in an amazing diversity of
shapes, sizes, and shades of color. proTOs: D. RAGONE

flower. Two strap-shaped, reflexed stigmas protrude from
center of the disk and often leave a small distinctive scar
when they blacken and wither. The skin texture varies from
smoothly to slightly bumpy or spiny. The color is light
green, yellowish-green, or yellow when mature, although
one unusual variety (‘Afara’ from the Society Islands) has
pinkish or orange-brown skin. The skin is usually stained
with dried latex exudations at maturity. The flesh is creamy
white or pale yellow and contains none to many seeds, de-
pending upon the variety. Fruits are typically mature and
ready to harvest and eat as a starchy staple in 15-19 weeks.
Ripe fruits have a yellow or yellow-brown skin and soft,
sweet, creamy flesh that can be eaten raw but rarely is in

the Pacific
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Seeds

‘Throughout the Pacific, breadfruit exhibits great morpho-
logical variability, ranging from true seedless varieties to
those with several small aborted seeds, or one to a few vi-
able seeds, to varieties with numerous viable seeds. Seeded
types are most common in the southwestern Pacific. Seed-
less varieties are most common in Micronesia and the
eastern islands of Polynesia. All of the breadfruit varieties
elsewhere in the tropics are seedless.

Seeds are thin-walled, subglobose or obovoid, irregularly
compressed, 1—2 ¢cm (0.4-0.8 in) thick, and embedded in
the pulp. The outer seed coat is usually shiny dark brown
with a light brown inner seed coat. Seeds have little or no
endosperm and no period of dormancy; they germinate im-
mediately and are unable to withstand desiccation. Seeds
are distributed by flying foxes, where they occur. Seeds are
rarely used for propagation.

How to distinguish from similar species

Artocarpus camansi (breadnut, camansi) has oblong, very
spiny fruits with little pulp and numerous large, light-
brown seeds and large, shallowly dissected leaves with 4—6
pairs of lobes. Artocarpus mariannensis (dugdug, chebiei)
has small, cylindrical or kidney-shaped, dark-green fruits
with yellow flesh and dark-brown seeds, and small, entire
to shallowly 1—3-lobed leaves.

GENETICS
Variability of species

Breadfruit is genetically diverse, especially the seeded

forms in the western Pacific and hybrids (with Artocarpus
mariannensis) in Mlicronesia. Numerous Polynesian triploid
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Look-a-likes A. camansi (left) and A. mariannensis (right). pHOTOS: D. RAGONE

varieties are genetically identical but morphologically dis-
tinct. These Polynesian triploids tend to not thrive under
atoll conditions, while both seeded and seedless hybrid va-
rieties are best adapted to these conditions.

Known varieties

There are hundreds of named varieties in the Pacific islands
that are perpetuated clonally by vegetative propagation.
Some varieties have a wide distribution, such as ‘Maopo’in
Samoa and Tonga (known as ‘Rare autia’in Society Islands,
‘Mei aukape’ in Marquesas, ‘Uto lolo’ in Fiji, ‘Morava’ in
Cook Islands, and ‘Sra fon’ in Kosrae). Others are localized
to specific islands.

‘Maopo’ has an almost entire leaf with shallow lobes at the
tip. The seedless fruits are oval or broad ovoid with pale
white or creamy flesh, 16—26 cm (6.4-10.4 in) long and
16-18 cm (6.4—7.2 in) wide, weighing 2—3.5 kg (4.4—7.7 Ib),
averaging 2.4 kg (5.2 1b). The trees reach heights of 15 m
(50 ft) or taller, and the timber is used for house building
in Samoa.

‘Ma‘afala’ is common throughout Polynesia and has been
introduced to Pohnpei, Kosrae, and Tuvalu. It is generally
a smaller tree up to 10 m (33 ft) tall with a spreading cano-
py. The small leaves are moderately dissected with three to
five pairs of lobes. The small fruits are oval or oblong with
white flesh, 12-16 cm (4.8—5.4 in) long and 10-13 cm (4-5.4
in) wide, weighing 0.6—1 kg (1.3—2.2 Ib), averaging o0.75 kg
(1.6 Ib), with none to few seeds.

‘Puou’ is common throughout Polynesia. It is generally a
smaller tree up to 10 m (33 ft) tall with a dense, spreading
canopy. The large leaves are dull, shallowly dissected with
4—6 pairs of lobes. The fruits are round, 12—20 cm (4.8-8 in)
long and 11-17 cm (4.4-6.8 in) wide, weighing 1.2—2.4 kg
(2.4—4.8 Ib), averaging 1.5 kg (3.3 Ib) with a long, stout stalk



up to 10 cm (4 in) and a distinctive raised “neck.” The pale
white or creamy flesh has none to few seeds.

‘Mein iwe’ (Mos n wa’, Motinwae’, ‘Mejenwe’) is an im-
portant variety in the the FSM, the Marshall Islands, and
Kiribati. The deeply dissected leaves have 3—4 pairs of lobes.
The round to oval fruits with white flesh are seedless, 12—21
cm (4.8-8.4 in) long and 12-16 cm (4.8—6.4 in) wide, and
weigh 0.8—2.2 kg (1.7—4.8 Ib), averaging 1.6 kg (3.5 Ib).

ASSOCIATED PLANT SPECIES

Breadfruit is an aboriginal introduction in the Pacific is-
lands and occurs only in cultivation throughout the area.
It is grown around homes in villages and towns and is
an important component of agroforestry systems, es-
pecially on the high islands of the FSM. It is associated
with other staple crops such as taro (Colocasia esculenta),
yam (Dioscorea spp.), banana, as well as Tahitian chestnut
(Inocarpus fagifer), noni (Morinda citrifolia, Indian mul-
berry), coconut, kava (Piper methysticum), cacao, coftee, and

various fruit trees such as citrus and papaya. Understory
plants include Polynesian arrowroot (Zacca leotopetaloides)
and Curcuma australasiatica (in Pohnpei).

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Climate

Breadfruit has a wide range of adaptability to ecological
conditions. It grows best in equatorial lowlands below
600—650 m (2000—2160 ft) but is found at elevations up to
1550 m (5100 ft). The latitudinal limits are approximately
17°N and S; but maritime climates extend that range to the
Tropics of Cancer and Capricorn.

Elevation range

o-1550 m (5100 ft)

Left: Young farmer Fa‘aaliga in American Samoa with the large-fruited ‘Aveloloa tala’ proto: c. eLEviTcH. Top and bottom right:
Varieties Maopo’ and ‘Mein padahk’ pHoTos: D. RAGONE.
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Breadfruit is compatible with many other cultivated crops such as banana and taro, as shown here. In the lower left corner are
young Flueggea flexuosa and coconut seedlings, which will grow to overtop the breadfruit. American Samoa. proTo: c. ELEVITCH

Mean annual rainfall

1500—3000 mm (60—120 in), but trees can yield regularly on
Pacific atolls that receive 1000 mm (40 in)

Rainfall pattern
It prefers climates with summer rains.

Dry season duration (consecutive months with <40 mm

[1.6 in] rainfall)
0—3 months

Mean annual temperature
15—40°C (59—104°F), does best at 21-32°C (70-90°F)

Mean maximum temperature of hottest month
32—38°C (90—-100°F)

Mean minimum temperature of coldest month
16-18°C (61-64°F)

Minimum temperature tolerated

5—10°C (41-50°F)

Soils
Deep, fertile, well drained soils are preferred, although
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some varieties are adapted to the shallow sandy soils of
coral atolls.

Soil texture

Breadfruit prefers light and medium soils (sands, sandy
loams, loams, and sandy clay loams).

Soil drainage

It requires freely draining soils.
Soil acidity
Neutral to alkaline soils (pH 7.4-6.1)

Special soil tolerances

Breadfruit tolerates saline soils, as well as coralline soils
and atolls.

Tolerances

Drought

Breadfruit can withstand drought for a few months but
will prematurely drop its fruits.



Full sun

The tree does best in full sun and forms the overstory can-
opy in traditional mixed agroforests.

Shade

Young trees prefer 20—50% shade when young but can be
grown in full sun.

Fire
It can sprout back from the roots after a small fire, but the
trunk and branches are not fire-tolerant.

Frost

It is damaged by frost, which causes it to lose all fruits and
leaves, and some branch die-back may occur.

Waterlogging

It can tolerate waterlogged soils for only very brief peri-

ods.

Salt spray

It can tolerate some salt spray for brief periods, but the
leaves will turn yellow and fall.

Wind
The branches break and shed in heavy winds, especial-

ly with a heavy fruit load, but new shoots and branches
quickly regrow.

Abilities

Breadfruit produces numerous root shoots when roots
are cut or damaged. It quickly regrows new shoots and
branches after wind damage or when topped to facilitate
harvest. Even large trees 1 m (3.3 ft) or greater in diameter
will regenerate and produce fruits again in as soon as 2
years after severe pruning.

GROWTH AND DEVELOPMENT

Growth rate

Breadfruit is fast growing in favorable conditions, growing
0.5-1.5 m (1.7—4.8 ft) per year and to a diameter of close to 1
m (3.3 ft) in the first 10-12 years. Small branches often die
back at the tip after fruiting, but new shoots and branches
continue to develop throughout the life of the tree.

Flowering and fruiting

Breadfruit bears seasonally, with most varieties produc-
ing one or two crops per year. The main crop typically oc-
curs during the hot, rainy, summer months, followed by

a smaller crop 3—4 months later. Trees grown from seed
begin flowering and produce fruit in 6—10 years, or sooner.
Vegetatively propagated trees start fruiting in 3—6 years.

Yields

Yields are extremely variable, ranging from less than oo to
more than 7oo fruits per tree, depending on the variety, age,
and condition of the tree. Average yields are 150—200 fruits
per tree. A study of Pohnpeian varieties recorded:

Variety Number of fruits Average yield

‘Mein iwe’ 30—268 141

‘Mein padahk 26-557 219

‘Mei uhwp’ 10—615 218
Rooting habit

Roots are spreading and grow on or slightly below the sur-
face of the ground. Some varieties, especially 4. a/tilis x A.
mariannensis hybrids, develop extensive buttress roots.

Reaction to competition

Breadfruit does well interplanted with a wide array of plants,
and more than 120 useful species have been documented in
traditional breadfruit agroforests on Pohnpei. Vines such
as Merremia peltata, if left unchecked, can smother and
eventually kill the trees.

Root shoot growing from surface roots. Root shoots help
breadfruit trees survive wind damage and are a primary
source for propagation material. pHOTO: D. RAGONE
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Diseases and pests

It is relatively free of diseases and pests, although mealy-
bugs can be a problem locally. Phellinus noxius, a root
rot, and fruit rots caused by Phytophthora, Colletotrichum
(anthracnose), and Rhizopus can be a problem. Fruit flies
infest ripe fruits on the tree and ground. Tree decline and
dieback have been a problem throughout the Pacific and
Caribbean islands, especially on atolls. No pathological
cause has been identified. It is considered to be the result
of storm damage, drought, aging of the trees, and salin-
ity. Proper husbandry practices, such as removing dead and
dying branches and mulching, are essential to maintaining
the health and vigor of the trees.

PROPAGATION

Breadfruit is easy to propagate from root shoots or root
cuttings, by air-layering branches, or from seeds. Bread-
fruit can also be grafted using various techniques. Stem
cuttings are not used. Seeds are rarely grown because they
do not develop true to type. Vegetative propagation is a
must for seedless varieties, and root shoots or root cuttings
are the preferred methods for both seeded and seedless va-
rieties.

Propagation by root shoots and root cuttings

It is best to collect root shoots and root cuttings after the
fruiting season is over and when the tree is in an active
vegetative stage, producing new leaves. This generally coin-
cides with the end of the dry season, and root shoots/cut-
tings should be collected as the rainy season commences.
'This is the period when carbohydrate stores in the roots are
at their highest levels.

Collection and handling of propagating material

Root shoots

'The use of root shoots to propagate breadfruit is the tra-
ditional method in the Pacific, and some varieties, such
as ‘Puou’, produce numerous root shoots. Collect healthy
shoots when they are at least 20—25 cm (8-10 in) tall and
the stem has become woody and is producing lobed leaves.
Shoots up to 1 m (3.3 ft) tall can be used. Remove by cut-
ting the attached root 10-15 cm (4—6 in) on either side of
the shoot and carefully lifting out the shoot and any at-
tached root system. Use a sharp machete or clippers to sev-
er the shoot from the parent tree and to facilitate wound
healing. It is difficult to avoid damaging the shoot’s root
system when the shoot is removed, so root shoots need
to be grown under nursery conditions before outplanting.
'The success rate of directly transplanting shoots to another
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location is low, around 25%. Trim off the leaves and cut the
tip at a 45 degree angle at a height of 15-30 cm (6-12 in;
see photo). Trimming the tip makes the root shoot more
manageable, and the apical shoot tends to die back anyway.
Plant in organic, well drained media in a 1—2 gallon (10-20
cm) pot. Keep shaded (up to 60% shade) and moist, but
not wet, and misting is recommended. It should never be
allowed to dry out. Depending on the size of the shoot, it
will need to be grown under nursery conditions for 3—6
months before outplanting. The percentage of successful
rooting and shoot growth ranges from 50 to 9o0%.

Root cuttings

Root shoots are not always available from a desired variety,
and root cuttings can be used to mass-propagate bread-
fruit. Collect roots from healthy, vigorous trees. Carefully
excavate roots that are growing just beneath the surface
of the soil. Do not use surface roots because these tend to
dry out and have a lower success rate. Look for roots with
small rounded bumps on the surface—these adventitious
buds will develop into new shoots. Roots 1.5-6 cm (0.6—
2.4 in) in diameter can be used, and 3—4 cm (1.4-1.8 in) is
suggested for best results. Removing roots larger than 6
cm (2.4 in) can be detrimental to the tree, damaging the
root system, and because the wounded area will heal more
slowly. Use a sharp machete or clippers to sever the root
and facilitate wound healing. The remaining attached root
will often develop a root shoot at the cut end.

Cut roots into 15—25 cm (6—10 in) sections. It is best to wash
and scrub the roots to remove soil. Discard any pieces that
are damaged or misshapen. Treatment with fungicide is
recommended to prevent growth of pathogens that cause
root rots. Hormone treatment is not required but standard
hormone mixes can be used according to the manufactur-

e ek e
Root shoots and root cuttings, both pictured here in nursery

containers, are the primary means of propagating breadfruit.
PHOTO: D. RAGONE



ers recommendation.

Place the roots in a propagating bed, flats, or individual
pots. Space roots 10-15 cm (4—6 in) in a row and 15-20 cm
(6-8 in) between rows in beds or flats. Use well drained
potting media or clean, washed silica sand. Do not use
beach sand because it is too saline and alkaline. Cuttings
are placed either horizontal (covered with media) or at an
angle, but not upright, with a small upper portion of the
root exposed.

Root cuttings should be kept shaded (up to 60% shade)
and moist, but not wet; misting is recommended. The roots
should never be allowed to dry out. The percentage of root-
ing ranges from 75 to 85%. Shoots begin to develop from
adventitious buds after 3—4 weeks. When shoots are 20—25
cm (8-10 in) tall with their own root system—usually in
4—6 months—carefully uproot and transplant into 2—3 gal-
lon (20—30 ¢m) pots. Use a well drained medium. If add-
ing fertilizer (such as balanced 8—8-8) use only sparingly,
less than half the manufacturers’ recommendations. Keep
plants in partial shade and weed-free. Grow to a size of
0.6-1.6 m (24—64 in) in 6—9 months.

Propagation by air-layering

It is best to air-layer branches at the beginning of the
rainy season when the tree is in an active vegetative stage,
producing new shoots and leaves, and before fruits ap-
pear. Select newly developed shoots, and do not use the
ends of branches that have previously flowered or fruited.
Branches 2—4 cm (0.8-1.6 in) are prepared for air-layering
by removing a strip of bark 3—5 cm (1.4—2 in) wide around
the circumference of the branch. Use a sharp knife and
be careful not to cut into the wood. Rooting hormone is
not required but if used, follow the manufacturer’s recom-
mendations. Wrap moistened sphagnum moss, or other
organic media, around this area and hold it in place with
a piece of plastic, aluminum foil, burlap, or copra bag tied
around the branch. Up to 50% of air-layers will not root
but instead form a ring of hardened callus along the end
of the cut. Also, the branches are brittle and may snap off
in high winds. They can be braced with bamboo splints
placed over the wrapped air-layer. After 2—4 months, new
roots will develop and grow through the medium. Remove
the air-layer by cutting the branch directly below the roots.
Place in a 1—2 gallon (10-20 cm) pot in a well drained me-
dium until the plant has an established root system (about
a year). The tip of the branch often dies and the air-layer
will fail to take unless a new shoot develops from buds
lower on the branch.

Although a less common means of propagation than root
suckers and root cuttings, air-layering of breadfruit also
works well. Air-layers are shown here wrapped in alumi-
num foil to reduce evaporation and keep them cool. proTO:
C. ELEVITCH

Establishment in the nursery

Young breadfruit plants grow best in partial shade, so full-
sun hardening is often not necessary. However, if plants
are to be planted in full sun, gradually move to full-sun
conditions in the nursery to harden them to the site con-
ditions, at about 2 months. Young plants should never be
allowed to dry out or be exposed to strong wind.

Outplanting

Outplant when the plants have reached the desired size.
Because of their large surface area it is best to reduce the
size of the leaves to reduce transpiration. Carefully remove
1/2 to 2/3 of the lower leaves. Do not remove or damage the
growing point of the plant where new leaves develop. Pro-
tect from wind and excessive heat during transport. Dig
a hole the same depth of the container and twice as wide
as the container. Add a small amount of fertilizer, such as
8—8—8 slow-release fertilizer, to the bottom of the hole and
cover with soil. To prevent injury to the delicate root sys-
tem, carefully cut off the container rather than pulling the
plant out. Place the breadfruit tree in the hole, add soil no
higher than the level of the plant in the pot, top-dress with
compost, and water well. Close to 100% success rate can
be expected.

Young plants prefer partial shade. It is best to plant at the
onset of the rainy season, but if the weather is dry, irrigate
for the first 1—3 months of establishment. Once established,
breadfruit trees can withstand a dry season of 3—4 months,
although it prefers moist conditions. Mulching young
plants is beneficial by helping keep the soil moist and add-
ing a steady supply of nutrients. It also helps control weeds
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around the root system. Use of herbicides to control weeds
around the base of the tree can damage the tree if it comes
in contact with the surface roots or young trunk. Young
trees need to be protected from cattle, goats, horses, and
pigs that will eat the bark and tender shoots.

DISADVANTAGES

Potential for invasiveness

Breadfruit has no potential for invasiveness. Most of the
varieties are seedless and can only be propagated veg-
etatively, requiring humans to distribute and spread this
species. Breadfruit does produce root shoots, so clonal
oftsprings spread a limited distance from the original tree.
Since seeds lose viability quickly, the seeded varieties are
not readily spread.

Susceptibility to pests/pathogens

Breadfruit is a relatively trouble-free plant to grow, with
its disease and pest problems localized. The major prob-
lem is fruit rots caused by Phytophthora, Colletotrichum
(anthracnose), and Rhizopus. Phellinus noxius root rot can
be a problem; it spreads through root contact, especially
when the tree is planted in areas of native forest that have
been recently cleared.

10  Artocarpus altilis (breadfruit)

Breadfruit remains a common tree in homegardens in much of the Pacific, such as pictured above in Apia, Samoa. proto: c.

Host to crop pests/pathogens

Fruit flies are attracted to ripe fruits on the tree and ground
and infest many fruit crops.

Other disadvantages or design considerations

'The spreading surface roots can interfere with other plants
and are easily hit and damaged by mowers or other equip-
ment.

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Mulch/organic matter

'The large leaves of this evergreen species provide abundant
mulch for the tree and other plants growing beneath the
canopy.

Soil stabilization

Breadfruit is often grown on steep hillsides, especially on
the high islands of Micronesia, where it is the canopy spe-
cies in traditional agroforestry systems.

Crop shade/overstory

Breadfruit can be interplanted with a wide range of crops
and plants such as yams, bananas, medicinal plants, aroids,
gingers, Indian mulberry, kava, etc.



Homegardens

Breadfruit is well suited for homegardens, providing ben-
eficial shade and numerous nutritious fruits.

Animal fodder

All parts—flesh, peel, core, and seeds—of both mature and
ripe fruits are edible and are fed to pigs and other livestock.
'The leaves are also edible.

Native animal/bird food

Breadfruit is an important food source for flying foxes, na-
tive doves, and other birds in the Pacific islands.

Host plant trellising

Breadfruit is used as a trellis tree for yam (Dioscorea spp.),
especially in Pohnpei.

Bee forage

Honeybees visit male inflorescences and collect pollen, es-
pecially from fertile, seeded varieties. Bees also collect latex
that oozes from the fruit surface.

Ornamental

Breadfruit is an attractive, evergreen tree with large, strik-
ing leaves.

USES AND PRODUCTS
Staple food

Breadfruit produces abundant nutritious fruits that are
typically consumed as a starchy staple when firm and ma-
ture. The fruits are high in carbohydrates and a good source
of vitamins and minerals. Breadfruit is canned in brine and
sold in the Caribbean and speciality markets in the United
States, Europe, and Canada.

Nut/seed

Seeds are high in protein and low in fat and a good source
of vitamins and minerals. They are cooked in the fruits and
eaten throughout the Pacific islands, but rarely in Polyne-
sia.

Medicinal

All parts are used medicinally in the Pacific and Caribbean,
especially the latex, leaf tips, and inner bark. The latex is
massaged into the skin to treat broken bones and sprains
and is bandaged on the spine to relieve sciatica. It is com-
monly used to treat skin ailments and fungus diseases such
as “thrush,” which is also treated with crushed leaves. Di-
luted latex is taken internally to treat diarrhea, stomach-
aches, and dysentery. The sap from the crushed stems of

leaves is used to treat ear infections or sore eyes. 'The root
is astringent and used as a purgative; when macerated it is
used as a poultice for skin ailments. The bark is also used
to treat headaches in several islands. In the West Indies the
yellowing leaf is brewed into tea and taken to reduce high
blood pressure and relieve asthma. The tea is also thought
to control diabetes.

Timber

The wood is lightweight, flexible, and may resist termites.
Taller varieties such as ‘Maopo’ and ‘Aveloloa’ are preferred
tor house building in Samoa.

Fuelwood

Breadfruit is used as firewood throughout the Pacific, but
generally older, less productive trees are utilized.

Craft wood/tools

'The wood is easy to work and carve into statues, bowls, and
other objects.

Canoe/boat/raft making
The light-weight timber is used throughout the Pacific is-

lands to make small one- or two-person canoes.

Fiber/weaving/clothing

'The inner bark is used to make bark cloth (tapa), but this
formerly widespread custom is now only practiced in the
Marquesas.

Rope/cordage/string

'The inner bast was traditionally used to make strong cord-
age used for fishing and animal harnesses in Samoa, Mi-
cronesia, and the Philippines.

Wrapping/parcelization
'The large, flexible leaves are used throughout the Pacific to
wrap foods for cooking in earth ovens.

Resin/gum/glue/latex

'The sticky white latex is used as a chewing gum and as an
adhesive. It was widely used to caulk canoes and as bird-
lime (to catch birds).

Toxin/insecticide/fish poison

Dried male flowers can be burned to repel mosquitoes and
other flying insects.

URBAN AND COMMERCIAL
FORESTRY

'The stately and attractive breadfruit tree is a familiar land-
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scape tree in the Pacific islands. Widely planted through-
out the region, breadfruit provides comfortable shade, de-
licious and nutritious fruits, timber, and other useful prod-
ucts. A common element in home landscapes, breadfruit
trees are typically grown around and near homes so the
fruits can be easily and quickly harvested. A few magnifi-
cent specimen trees can be found in parks and other public
places. Unfortunately, in large metropolitan areas such as
Honolulu, many beautiful old trees have disappeared from
the urban landscape in recent years—cut down to make
room for larger homes and buildings, and to open view
planes.

A large tree cut back to open a view plane. pHOTO: C. ELEVITCH

Size in an urban environment

Trees can reach heights of 18 m (60 ft) or more but are
typically 12-15 m (40—50 ft). Some varieties are relatively
short-statured, reaching average heights of 9 m (30 ft). The
canopy is generally about two-thirds of the height.

Rate of growth in a landscape

It is moderately fast growing in favorable conditions, grow-
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ing 0.5-1.5 m (1.5—5 ft) per year.

Root system

Roots are spreading, grow on or slightly below the surface
of the ground, and can form raised buttresses. Surface roots
are easily hit and damaged by mowers or other equipment.

Products commonly used in a Pacific island

household

Primarily grown for food, the nutritious, starchy fruits are
usually consumed when mature. The mature fruit must be
cooked when still green and firm, but it can be eaten raw
when soft and ripe. These multipurpose trees have a light-
weight, easy-to-work timber well suited for carvings and
handicrafts, canoes, and house construction. Leaves, buds,
latex, and bark all have medicinal uses. The sticky sap is
widely used for glue and as a traditional caulk.

Light requirements

Young trees can be grown in 20—50% shade when young
but develop a more compact, dense canopy when grown
in full sun.

Water/soil requirements

Newly planted trees may require daily watering during dry
periods until established, but mature trees normally toler-
ate dry conditions and do not require irrigation. Breadfruit
prefers light and medium soils (sands, sandy loams, loams,
and sandy clay loams) and requires good drainage.

Life span

Trees begin bearing in 3—5 years and are productive for
many decades.

Varieties favored for use in a homegardens

Shorter-statured, more compact varieties such as ‘Puou’ or
‘Ma‘afala’ from Polynesia or the Micronesian variety ‘Mei
uhwp’ are ideal for homegardens.

Seasonality of leaf flush, flowering, fruiting

Male flowers and fruits develop at the tips of branches,
with the male flowers occurring first. The fruiting season
typically coincides with the wet, rainy summer months,
but a smaller flush may occur about 5 months later for
some varieties. New leaves are produced year-round, with
a heavy flush after a period of rest that follows the end of
the fruiting season.

Use as living fence, hedge or visual/noise barrier

Because of its stature and dense foliage when grown in the



open, breadfruit is well suited as a specimen or
shade tree that can serve as a visual screen when
sited correctly.

Birds/wildlife

Birds and honeybees are attracted to the fruits
and/or male flowers.

Maintenance requirements

Mulching with fallen breadfruit leaves and
other organic material is beneficial. This rela-
tively low-maintenance species can be fertil-
ized once a year with a balanced NPK fertilizer,
but trees can produce abundantly and thrive
for years without supplemental fertilizer. Small
tip branches often die back after fruiting and
should be pruned and removed to maintain the
long-term health of the tree.

Special considerations regarding leaf,

branch, and fruit drop

Some fruits may drop prematurely, but most
fruits develop and should be harvested when
mature. High, out-of-reach fruits will ripen
and fall to the ground throughout the fruiting
period. Heavily laden branches may break off
the tree during strong winds.

Nuisance issues

Soft, ripe fruits that remain on the ground after
falling draw clouds of fruit flies and quickly be-

gin to rot into a gooey, unsightly mass.

Hazards

Since some breadfruit varieties have fruits that weigh up
to 5.5 kg (12 1b), trees should not be planted close to side-
walks or other public areas where falling fruits could hit
and injure a passing pedestrian or trip passers-by.

Common pest problems

The tree is relatively pest free. The main problems with
breadfruit are fruit flies and fruit rots from fungal diseases.
Vigilance in harvesting and disposing of fruits affected by
fungal disease is the easiest way to limit problems. House
yard or farm pigs readily “pig out” on damaged and ripe
fruits, solving disposal problems for the homeowner while
benefiting from a nutritious foodstuff.
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Other comments about this species in urban envi-
ronments

Breadfruit trees are an essential component of homegar-
dens and should be more widely planted throughout the
islands. They are not as well suited as street or park trees.
Soft, ripe fruits can make a mess of sidewalks, streets, or
parked cars, and the sticky latex could adhere to and dam-
age the finish of vehicles.

COMMERCIAL PRODUCTS

Breadfruit is grown primarily as a subsistence crop
throughout the Pacific islands and other regions where it
is cultivated. It is available in village and town markets for
local consumption. Breadfruit is produced and sold locally
as chips in Fiji, Samoa, Guam, Hawai‘i, and other islands.
Fresh mature fruits, treated for fruit flies by hot forced air,
are being exported to New Zealand from Fiji and Samoa.
The fruits are harvested from small plantings and backyard
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trees. There are no orchards in the Pacific islands with the
exception of a farm in Hawai‘i with more than 180 trees on
approximately 2.5 ha (6 acres).

Spacing
Trees should be planted 12-14 m (40—46 ft) apart under

orchard conditions, although in the Caribbean trees are
often spaced 8-12 m (27—4o ft).

Management objectives and design consider-
ations

Breadfruit is traditionally grown in integrated mixed
agroforestry systems. Little information is available about
managing breadfruit for commercial production. It is best
to keep trees mulched. Provide a complete fertilizer at the
beginning and end of the fruiting season to maintain the
health and vigor of trees, especially trees that are 10 or
more years old. Pruning should be limited to the removal
of dead branches, but trees are often topped to make it
easier to reach and harvest fruits. However, the new shoots
and branches are brittle and readily break.

Yields

Under orchard conditions, yield estimates range from 16
to 50 mt per ha (7—23 t/ac) of fruit based on 100 trees/ha
(40 trees/ac). Approximately 5.5 mt per ha (2.4 t/ac) are
produced in a traditional mixed agroforestry system on

Pohnpei.

Processing

Breadfruit is generally picked and consumed when mature
but not yet ripe. Careful harvesting is essential for main-
taining fruit quality. Fruits that fall to the ground may
be bruised and soften sooner than those that are gently
handled. Fruits quickly ripen in just 1—3 days after har-
vest. Shelf life can be extended by careful harvesting and
pre-cooling fruits with chipped ice in the field and during
transport. Covering fruits with water can also delay ripen-
ing for a few days.

Markets

Breadfruit is usually available for sale in markets through-
out the Pacific and Caribbean islands. An estimated
100—300 tons of breadfruit is sold in Samoa annually, with
60—130 tons sold in the Fugalei Market in Apia.

INTERPLANTING/FARM
APPLICATIONS

Breadfruit trees provide shade, mulch, and a beneficial
microclimate. They are generally planted as part of a ho-
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One of the great staples of Pacific island cultures, breadfruit
is shown here for sale together with two other staples, sweet-
potato and cooking banana. pHoTO: C. ELEVITCH

megarden or mixed agroforestry system with a wide ar-
ray of useful plants. Widely spaced trees in an orchard can
be interplanted with small fruit trees, such as citrus, and
a leguminous cover crop. Short-term fruit crops, such as
pineapple, banana, and papaya, or field and vegetable crops
including taro, tomato, and eggplant, can also be grown
between breadfruit trees. A leguminous cover crop should
replace these intercrops when they begin to interfere with
orchard operations. Some interplanting systems include:

Example 1

Location
Federated States of Micronesia (Pohnpei).

Description

Breadfruit is typically grown with yam (Dioscorea spp.).
'The vines climb trellises of Hibiscus tiliaceus and grow into
the canopy of the tree during the non-fruiting period and
are dormant when the fruits are harvested. This allows the
fruits to be picked without damaging the yam vines.

Example 2

Location

American Samoa.

Description

Breadfruit is grown in a mixed planting with taro, cassava,
bananas, citrus, and cacao.

PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Extension offices for agroforestry and forestry in the Pa-



cific: http://www.traditionaltree.org/extension.html

'The Cooperative Extension Service (CES) of the Univer-
sity of Hawai‘i can assist landowners with questions relat-

ing to tree crops.

University of Hawai‘l at Manoa

College of Tropical Agriculture and Human Resources
Cooperative Extension Service

Komohana Agricultural Complex

875 Komohana St., Hilo, HI 96720

Tel: 808-959-9155; Fax: 808-959-3101

Web: http://www2.ctahr.hawaii.edu/

GERMPLASM RESOURCES

'The National Tropical Botanical Garden can provide se-
lected varieties from an extensive breadfruit germplasm
collection.

The USDA Clonal Germplasm Repository, Waiakea,

Hawai‘i, can provide selected breadfruit varieties.

Maui, Hawai‘i, has the largest collection of breadfruit variet-
ies in the world. pHOTO: D. RAGONE

INTERNET

'The Breadfruit Institute: <http://www.breadfruit.org>.
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Artocarpus camansi (breadnut)
Moraceae (mulberry family)

breadnut (English), castasia (Spanish), chataignier (French), kapiak (New Guinea), dulugian, kamansi, kolo, pakau,
ugod (Philippines), kelur, kulor, kulur, kuror (Malaya, Java), mei kakano (Marquesas), pana de pepitas (Puerto Rico)

Diane Ragone

IN BRIEF

Distribution Currently found throughout
the tropics, including some Pacific islands.

Size Medium tree 15 m (50 ft) or more in
height at maturity.

Habitat Grows best in equatorial lowlands
below 600—650 m (1970—2130 ft) and rainfall
of 1300—3800 mm (50-150 in) but is widely
adaptable.

Vegetation In native range, an important
component of the vegetation associated with
lowland mixed alluvial forests; in cultivation,
associated with a wide variety of domesticated
plants.

Soils Deep, fertile, well drained soils are pre-

ferred.

Growth rate Moderately fast growing in fa-
vorable conditions, growing 0.5-1.5 m (1.5—5 £t)
per year.
Main agroforestry uses Overstory, home-
gardens.

Main products Staple food, wood for crafts.

Yields Mature trees can yield 600—800 fruits
per season.

Intercropping Interplanted with small fruit
trees or short-term fruit and vegetable crops.

Invasive potential It has little potential for |
invasiveness.

Young breadnut tree.
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INTRODUCTION

Breadnut (Artocarpus camansi) is native to New Guinea
and possibly the Moluccas (Indonesia) and the Philippines.
In New Guinea, it is a dominant member of alluvial forests
in lowland areas and is one of the first species to appear on
the tops of frequently flooded banks of rivers. The trees
grow widely scattered in the forest and are dispersed by
birds, flying foxes, and arboreal mammals that feed on the
flesh and drop the large seeds. Artocarpus camansi has often
been considered to be a form of seeded breadfruit, 4. altilis.
Breadfruit, however, is a separate species that originated
from its wild seeded ancestor, breadnut. Pacific islanders
did not distribute it through the region, probably because
the seeds are short-lived and would be difficult to transport
long distances. A few trees, all fairly recent introductions,
can be found in New Caledonia, Pohnpei, the Marquesas,
Tahiti, Palau, and Hawai‘l. While breadnut is uncommon
in the Pacific islands, it has long been cultivated and used
in other tropical regions. Beginning in the late 1700s the
British and French spread breadnut throughout the tropics.
'The oblong, spiny fruits have little pulp and are primarily
grown for their large, nutritious seeds, although immature
fruits, seeds and all, are thinly sliced and cooked as a veg-
etable, especially in the Philippines. The seeds are high in

) TR

A mature breadnut tree can produce as many as 600—800 fruits per year. PHOTO: D. RAGONE
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protein and relatively low in fat. They are boiled or roasted
and are similar to chestnuts in texture and flavor.

DISTRIBUTION

Native range

This wild seeded ancestor of breadfruit (Arfocarpus altilis)
is native to New Guinea and possibly the Moluccas (In-
donesia) and the Philippines. It is distributed throughout
its natural range by flying foxes (fruit bats) and arboreal
mammals.

Current distribution

Breadnut is widespread throughout the lowlands of New
Guinea where it occurs naturally, and it is also found in
cultivation in homegardens. It is now found only in cul-
tivation in the Philippines, where it is typically grown as
a backyard tree. It is infrequently grown in the Pacific is-
lands outside of its native range. A few trees can be found
in New Caledonia, Pohnpei, the Marquesas, Tahiti, Palau,
and Hawai‘, mainly introduced by immigrants from the
Philippines in recent years. It is currently not found on any
of the Pacific atolls. While breadnut is still underutilized
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in Oceania it has long been grown and used in other tropi-
cal regions. Beginning in the late 1700s the British and
French spread breadnut throughout the tropics, and it is
now widespread in the Caribbean—where it is especially
popular in Trinidad, Tobago, and Guyana—Central and
South America, Southeast Asia, and parts of Africa, espe-
cially coastal West Africa.

BOTANICAL DESCRIPTION

Preferred scientific name and author

Artocarpus camansi Blanco

Family
Moraceae (mulberry family)

Non-preferred scientific names

These names for other Artocarpus species have been used
incorrectly for A. camansi:

Artocarpus altilis
A. communis
A. incisa

Common names

breadnut (English)

castaria (Spanish)

chataignier (French)

kapiak (New Guinea)

kamansi, dulugian, pakau, kolo, ugod (Philippines)
kulur, kelur, kulor, kuror (Malaya, Java)

mei kakano (Marquesas)

pana de pepitas (Puerto Rico)

Size

Trees grow to heights of 10-15 m (33—50 ft) or taller with
a trunk 1 m (3.3 ft) or larger in diameter, often growing to
a height of 5 m (16 ft) before branching. A sticky, white,

milky latex is present in all parts of the tree. Canopy diam-
eter generally measures about half of the tree height.

Form

It is a single-trunked tree with a spreading evergreen can-
opy. The tree typically forms buttresses at the base of the
trunk. It has a more open branching structure than bread-
fruit (4. altilis) or dugdug (4. mariannensis).

Flowering

Flowering is monoecious with male and female flowers on
the same tree at the ends of branches, with the male inflo-
rescence appearing first. Male flowers are club-shaped, up
to 3 cm (1.2 in) in diameter and 25—35 cm (1014 in) long

- - e

Buttress roots and trunk of breadnut. PHOTO: D. RAGONE

or longer. Thousands of tiny flowers with two anthers are
attached to a central spongy core. Female inflorescences
consist of 1500—2000 reduced flowers attached to a spongy
core. Unlike breadfruit, the individual flowers do not fuse
together along their length.

Leaves

Leaves are alternate, large, 40—60 cm (16—24 in) long, mod-
erately dissected with 4—6 pairs of lobes and sinuses cut
half way to the midrib. New leaves on young trees can be 76
or more cm (30 in) long. They are densely pubescent, with
many white or reddish-white hairs on upper and lower
veins, lower leaf surface, and petiole. Blade is dull green
with green veins. Two large green stipules enclose the bud,
turning yellow before dehiscing.

Fruit

The fruit is a large fleshy syncarp, oval or ovoid, 1320 cm
(5-8 in) long and 7—12 cm (2.6—4.8 in) in diameter, weigh-
ing approximately 8oo g (1.8 1b). The skin is dull green

to green-yellow when ripe with a spiny texture from the
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pointed, flexible, 5-12 mm (0.2—-0.5 in) long tips
of individual flowers. The scanty pulp is yellow-
whitish when ripe with a sweet aroma and taste.
The fruit is not as solid or dense as breadfruit
because the individual flowers forming the fruit
are fused together only at their bases.

Seeds

This species is grown for its seeds, and there is
much variation in seed number, size, and nu-
tritional composition. The fruit contains nu-
merous seeds, from 12 to as many as 150, each
weighing an average of 7-10 g (0.25-0.36 0z),
comprising 30—50% or more of the total fruit
weight. The seeds are rounded or flattened by
compression and about 2.5 cm (1 in) long. They
have a thin, light-brown outer seed coat that
is patterned with darker veins. In contrast, the
seeds of breadfruit and dugdug usually have a
dark-brown, shiny seed coat. The seeds have
little to no endosperm, no period of dormancy,
germinate immediately, and are unable to with-
stand desiccation. Typically spread by flying
foxes and arboreal mammals. Seeds are har-
vested from soft, ripe fruits.

Rooting habit

'The roots are spreading and grow on or slightly
below the surface. Extensive buttresses develop
when mature.

How to distinguish from similar species/
look-a-likes

Breadnut can be readily distinguished from its
close relative, breadfruit (4. a/tilis), by its very
spiny fruits with little pulp and numerous large,
light-brown seeds. Dugdug (4. mariannensis)
has small, dark-green, cylindrical or kidney-
shaped fruits with dark yellow flesh, dark brown
seeds, and small, entire to shallowly 1—3-lobed
leaves.

GENETICS
Variability of species

- - ' . e '-'E 8 ¥
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Top: Variation in seeded and seedless varieties of breadfruit (4. altilis) and

seeds of breadnut (upper right corner). Bottom: Breadnut fruits are readily
identified by their spiny skin. PHOTOS: D. RAGONE

Known varieties

There are no varieties of breadnut.

Breadnut is genetically variable, diploid, and produces
abundant fertile pollen. Most of the trees in cultivation

throughout the tropics originated from a few early intro- ~ ASSOCIATED PLANT SPECIES

ductions, and little work has been done to evaluate and

select superior seedlings.

4 Artocarpus camansi (breadnut)

General flora of native habitat

Breadnut is an important component of the vegetation as-



sociated with lowland mixed alluvial forests of New Guinea
(Papua New Guinea and Irian Jaya) below 1000 m (3300 ft)
elevation. This tall forest (canopy of 30 m (100 ft) or great-
er) is floristically and structurally very rich. The forest is
rather open and the upper story is characterized by Pometia
pinnata, Ficus spp., Alstonia scholaris, and Terminalia spp.
Typical lower-story trees are Garcinia, Diospyros, Myrstica,
Maniltoa, and Microcos. Palm species, such as rattans and
Licuala spp., gingers, and members of the Marantaceae
family abound in the understory and shrub layer. Drain-
age affects forest height and composition. In regularly
inundated areas, Planchonia papuana, Bischofia javanica,
Terminalia complanata, Cananga odorata, Teysmannioden-
dron bogoriense, Intsia bijuga, Nauclea coadunata, Alstonia
scholaris, Vitex cofassus, and Anthocephalus chinensis are lo-
cally abundant in the riverside forest, and the shrub and
herb layer are typically sparse. The wild breadnut tree is
one of the first trees to appear on the tops of frequently
flooded, low levee banks. In areas where the banks are
higher and less frequently flooded, it is joined by Octomeles
sumatrana, and a young forest dominated by one or both
species develops. Ficus, Dendrocnide, Nauclea, Kleinhovia
hospita, and Terminalia eventually invade the young for-
est. On the inner curves of larger river banks of oxbows,
sinuous low ridges separated by swampy swales are built up.
Trees of Timonius spp., Althoffia spp., Artocarpus camansi,
and Octomeles sumatrana form narrow, even-aged, and in-
creasingly higher stands on successively older ridges. Dur-
ing the clearing of the lowland forest for plantations and
tree gardens, wild breadnut trees and other species such as
Canarium indicum, Terminalia kaernbackhii, Dracontomelon
puberulum, Pangium edule, Gnetum gnemon, Areca betel, and
Ceiba bombax are left standing or planted.

Associated introduced species in Pacific islands

Breadnut is a modern introduction in only a few Pacific
islands, where it is usually grown as a backyard tree around
homes. It is associated with banana (Musa spp.), coconut
(Cocos nucifera), Indian mulberry (Morinda citrifolia, noni),
sugarcane, ornamental plants, and other common ho-
megarden species.

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Climate

Breadnut, like breadfruit, has a wide range of adaptabil-
ity to ecological conditions. It requires a tropical climate
and will not grow where the temperatures go below 5°C
(41°F). It grows best in equatorial lowlands below 600—650

m (1970—2130 ft) but is found at elevations up to 1550 m
(4950 ft). The latitudinal limits are approximately 17° N and
S; maritime climates extend that range to the Tropics of
Cancer and Capricorn. It should do well wherever bread-
fruit is grown.

Elevation range

o-1550 m (0—4950 ft)
Mean annual rainfall
1300—3800 mm (50150 in)
Rainfall pattern

Prefers climates with summer rains.

Dry season duration (consecutive months with <40
mm [1.6 in] rainfall)

0—3 months

Mean annual temperature

15—40°C (50-104°F), does best at 21-32°C (70—90°F)
Mean maximum temperature of hottest month
32—38°C (9o—100°F)

Mean minimum temperature of coldest month
16-18°C (61-64°F)

Minimum temperature tolerated

5-10°C (41—50°F)

Soils

Deep, fertile, well drained soils are preferred.

Soil texture

'The tree prefers light, well drained soils (sands, sandy loams,
loams, and sandy clay loams).

Soil drainage

It requires freely draining soils.

Soil acidity

Neutral to alkaline soils (pH 6.1—7.4+)

Tolerances

Drought

Can withstand drought for a few months but will prema-
turely drop fruits.

Full sun

Does best in full sun.
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Shade

Seedlings do best in 20—50% shade but prefer full sun con-
ditions once established.

Frost

It is damaged by frost, which causes it to lose all fruits and
leaves, and branch dieback will occur.

Waterlogging

It can tolerate waterlogged soils and periodic flooding for
brief periods, and is the first species to colonize riverbanks
in its native habitat.

Wind
It can withstand strong winds and will resprout after sus-
taining wind damage.

Abilities

It produces new shoots and branches after wind damage.

GROWTH AND DEVELOPMENT

Growth rate

This species is fast growing in favorable conditions, grow-
ing 0.5-1.5 m (1.5—5 ft) in height per year for the first 10-12
years. The canopy diameter keeps pace at approximately
one-half the height of the tree. Branches are widely spaced.
Small branches often die back at the tip after fruiting, but
new shoots and branches continue to develop throughout
the life of the tree.

Flowering and fruiting

Fruiting season is October to May, with some fruits avail-
able into July in Hawai‘. It begins in April or May in the
Philippines. Trees begin producing at 8—10 years of age.

Yields

Mature breadnut trees in the Philippines have been re-
ported to produce 600—800 fruits per season. The average
number of seeds per fruit is variable, ranging from 32 to 94
per fruit, each seed weighing an average of 7.7-10 g (0.25—
0.33 0z). Based on 100 trees/ha (40 trees/ac) producing 200
fruits per tree, an average yield of 11 mt/ha (4.9 t/ac) of
fresh seeds has been estimated.

Reaction to competition

As evidenced by its widespread distribution in the native
lowland forest, this species is able to withstand competi-
tion from other forest trees.
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PROPAGATION

Breadnut is easily propagated by seeds. The trees do not
produce root shoots and cannot be grown from root cut-
tings as can breadfruit. It has been successfully grafted
in the Philippines using inarching (where one branch is
grafted to another plant without first separating it from
its parent) and budding. Seeds are typically gathered from
soft, ripe fruits.

Propagation by seeds

Seeds quickly germinate and will often sprout inside the
fallen fruits. Collect seeds from soft, ripe fruits and wash
to remove all pulp. Select firm, shiny, uniform seeds that do
not yield to the touch when squeezed. Discard any sprout-
ed or aborted seeds. The latter are typically misshapen, flat,
and contain little or no endosperm. Surface-clean in a 2%
bleach solution for 5—10 minutes or treat with a fungicide
according to the manufacturer’s recommendation. Plant
immediately, as seeds are recalcitrant and cannot be dried
or chilled. Germination rates are high, close to 100%.

Place seeds in seedling flats in a loose, well drained me-
dium. Plant at a depth twice the width of the seed. Keep
moist, but not wet. Seeds germinate within ro-14 days.
Transplant into 1—2 gallon (4-8 liter) pots once the true
leaves have hardened. If adding fertilizer (such as balanced
8-8-8 slow-release), use only sparingly, less than half the
manufacturer’s recommendations. Keep plants in partial
shade and weed-free. Seedlings grow quickly, reaching 1 m
(3.3 ft) in approximately 6 months and are ready to plant
into the field in less than a year.

Establishment in the Nursery
Young plants prefer partial shade. If they are to be planted

in full sun, gradually move them to full-sun conditions in
the nursery for 1—2 months to harden them to the site con-
ditions. Young plants should never be allowed to dry out or
be exposed to strong wind.

Outplanting

Outplant when the plants have reached the desired size
of about 1.25 m (4 ft) tall and 2 cm (0.8 in) in diameter.
Because of their large surface area, it is best to reduce the
size of the leaves to reduce transpiration. Carefully remove
1/2 to 2/3 of the lower leaves by trimming the blade and
leaving only a small section attached to the petiole. Do not
remove or damage the growing point of the plant where
new leaves develop. Protect from wind and excessive heat
during transport. Dig a hole the same depth as the con-
tainer and twice as wide. Add a small amount of slow-re-
lease fertilizer, such as 8-8-8, to the bottom of the hole and
cover with soil. To prevent injury to the brittle root system,



Breadnut seeds readily germinate andshould be gathered
from soft, ripe fruits before they fall to the ground. rroTO:
D. RAGONE

carefully cut off the container rather than pulling the plant
out. Place the tree in the hole, add soil no higher than the
level of the plant in the pot, topdress with compost, and
water well.

'The young plants prefer partial shade. It is best to plant
at the onset of the rainy season, but if the weather is dry,
irrigate for the first -3 months of establishment. Once es-
tablished, breadnut trees can withstand a dry season of 3—4
months, although they prefer moist conditions. Mulching
young plants is beneficial by helping keep the soil moist
and adding a steady supply of nutrients. It also helps con-
trol weeds around the root system. Use of herbicide to con-
trol weeds around the base of the tree can damage the tree
if it comes in contact with the surface roots or young trunk.
Young trees need to be protected trees from cattle, goats,
horses, and pigs, which will eat the bark and tender shoots.
Close to 100% success rate can be expected if the above
precautions are taken.

DISADVANTAGES

Potential for invasiveness

'This species has little potential for invasiveness because the
large, fleshy seeds quickly lose viability and are not readily
spread except by flying foxes.

Susceptibility to pests/pathogens

It has few serious diseases or pests and is relatively trouble-
free, with disease and pest problems localized. Breadnut
does not appear to be as susceptible as breadfruit to fruit
rots caused by Phytophthora, Colletotrichum (anthracnose),
and Rbizopus.

Host to crop pests/pathogens

Fruit flies are attracted to ripe fruits on the trees and
ground and infest many fruit and vegetable crops.

Other disadvantages or design considerations

'The spreading surface roots can interfere with other plants
and are easily hit by mowers or other equipment.

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Mulch/organic matter

'The large leaves of this evergreen species provide abundant
mulch for the tree and other plants growing beneath the
canopy.

Soil stabilization

Breadnut naturally occurs on frequently flooded river

banks.

Crop shade/overstory

Can be interplanted with a wide range of crops and plants,
such as yam, banana, medicinal plants, aroids, ginger, Indi-
an mulberry, small fruit trees, and field and vegetable crops
such as corn, beans, peanut, tomato, and eggplant.

Homegardens

Breadnut is ideal for homegardens, producing nutritious,
high-protein seeds and providing beneficial shade.

Animal fodder

All parts—flesh, peel, core, and seeds—of both mature and
ripe fruits are edible and are fed to pigs and other live-
stock.

Native animal/bird food

Breadnut is an important food source for flying foxes and
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arboreal mammals in its native range.

Host plant trellising

Could be used as a trellis tree for yam (Dioscorea
species).

Bee forage

Honeybees visit male inflorescences and collect
pollen and also collect latex that oozes from
the fruit surface.

USES AND PRODUCTS
Staple food

'The nutritious fruits are usually consumed
when immature, thinly sliced and boiled as a
vegetable in soups or stews.

Nut/seed

Breadnut is primarily grown for its nutritious
seeds; it is a good source of protein and low in
fat compared to nuts such as almond, brazil nut,
and macadamia nut. The fat extracted from the
seed is a light yellow, viscous liquid at room temperature
with a characteristic odor similar to that of peanuts. It has
a chemical number and physical properties similar to those
of olive oil. Its seeds are a good source of minerals and
contain more niacin than most other nuts. In 100 g edible
portion, four amino acids, methionine (3.2 g), leucine (2.6
g), isoleucine (2.4 g), and serine (2.1 g) comprised 50% of 14
amino acids analyzed.

Nutritional composition of breadnut seeds per 100 grams
edible portion (dry weight basis)

Water (%) 56.0—66.2
Protein (g) 13.3-19.9
Carbohydrate (g) 76.2

Fat (g) 6.2—29.0
Calcium (mg) 66—70
Potassium (mg) 380-1620
Phosphorus (mg) 320—360
Iron (mg) 8.7
Magnesium (mg) 10.0
Niacin (mg) 8.3
Sodium (mg) 1.6

From Ragone (2003) based on McIntoch & Manchew (1993), Ne-
gron de Bravo et al. (1983), and Quijano & Arango (1981).
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Seeds comprise 30—50 percent or more of the weight of breadnut fruit. pHo-
TO: ]. WISEMAN

Medicinal

No specific medicinal uses are reported, but the breadnut
tree probably has medicinal properties similar to bread-
fruit.

Timber
The wood is lightweight, flexible, and easy to work.

Fuelwood

'The wood is fast burning, but generally only older, less pro-
ductive trees are used for fuel.

Craft wood/tools

'The wood is easy to work and carve into statues, bowls,
fishing floats, and other objects.

Toxin/insecticide/fish poison

Dried male flowers can be burned to repel mosquitoes and
other flying insects.

Other uses

'The breadnut tree is not as extensively used as breadfruit,
but its timber, latex, and inner bark can be utilized in the
same fashion.

COMMERCIAL PRODUCTS

Breadnut is a natural component of the forests of New
Guinea and is an important part of the subsistence econ-



omy in lowland areas. The seeds are a valued food and are
widely collected. Gathered seeds are sold in village mar-
kets, providing an important source of income for women
in some areas. In the Caribbean and parts of Central and
South America, the seeds are locally consumed and avail-
able in markets and restaurants. Since breadnut seeds are
so similar in taste and texture to chestnuts, they could have
commercial possibilities roasted, canned in brine, or pro-
cessed into nut butter or nut paste, flour, or oil.

INTERPLANTING/FARM
APPLICATIONS

Breadnut trees provide shade, mulch, and a beneficial
microclimate. It is generally planted as part of a ho-
megarden or mixed agroforestry system with a wide ar-
ray of useful plants. Widely spaced trees in an orchard can
be interplanted with small fruit trees such as citrus and
a leguminous cover crop. Short-term fruit crops such as
pineapple, banana, and papaya, or field and vegetable crops
including taro, tomato, and eggplant can also be grown be-
tween breadfruit trees. A leguminous cover crop should
replace these intercrops when they begin to interfere with
orchard operations. Interplanting systems include:

Example system 1

In the Philippines the center of the square formed by
four breadnut trees is planted with small fruit trees such
as guayabano or soursop (Annona muricata), citrus, chico
or sapodilla (Manilkara zapota), and atis or sugar apple
(Annona squamosa).

Example system 2

Gnetum gnemon is grown for its edible leaf in Artocarpus
camansi and Pandanus orchards in the Jimi Valley, Papua
New Guinea.

PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Extension offices for agroforestry and forestry in the Pa-
cific: http://www.traditionaltree.org/extension.html

GERMPLASM RESOURCES

A germplasm collection at the National Tropical Botanical
Garden in Hawai‘l has 24 accessions of A. camansi from
Papua New Guinea, Indonesia, Hawai‘i, Pohnpei, Palau,

and Tahiti.

INTERNET

'The Breadfruit Institute: <http://www.breadfruit.org>.
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Artocarpus heterophyllus (jackfruit)

Moraceae (mulberry family)

jack, jack tree, jackfruit, jak, jakfruit (English); jacquier (French); kapiak (Papua New Guinea); uto ni India (Fiji); ‘ulu

initia (Samoa)

Craig R. Elevitch and Harley I. Manner

IN BRIEF

Distribution Common in southeast Asia
and found occasionally in Pacific island
homegardens.

Size Trees typically reach a height of 8—25 m
(2682 ft) and a canopy diameter of 3.5-6.7 m
(1122 ft) at 5 years of age.

Habitat The tree grows well in equatorial to
subtropical maritime climates at elevations of
11600 m (3.3—5250 ft) and average rainfall of
1000—2400 mm (40—95 in).

Vegetation A common component in poly-
cultures together with numerous other culti-
vated species.

Soils Grows in freely draining, acid to neutral
soils (pH 5.0-7.5).

Growth rate Grows moderately rapidly in
early years, up to .5 m/yr (5 ft/yr) in height,
slowing to about 0.5 m/yr (20 in/yr) as trees
reach maturity.

Main agroforestry uses Shade, windbreak,

homegarden.
Main products Fruit, timber, fodder, latex.

Yields 70-100 kg/tree/yr (150—220 Ib/tree/yr)
is typical, although much larger yields have

been reported.

Intercropping It is interplanted with many
other tree crops.

Invasive potential Not considered invasive;
naturalization in new environments is un-

usual. v i 7 '
_ . 3 Row of trees with fruit.
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INTRODUCTION

Jackfruit (Artocarpus heterophyllus) is one of the most sig-
nificant trees in tropical homegardens and perhaps the
most widespread and useful tree in the important genus
Artocarpus. It is a medium-size evergreen tree typically
reaching 8—25 m (2682 ft) in height that is easily recog-
nized by its fruit, the largest among cultivated plants. The
succulent, aromatic, and flavorful fruit is eaten fresh or
preserved in myriad ways. The nutritious seeds are boiled
or roasted and eaten like chestnuts, added to flour for bak-
ing, or cooked in dishes. It is also known for its remark-
able, durable timber, which ages to an orange or red-brown
color. The leaves and fruit waste provide valuable fodder
for cattle, pigs, and goats. Many parts of the plant includ-
ing the bark, roots, leaves, and fruit are attributed with me-
dicinal properties. Wood chips yield a dye used to give the
famous orange-red color to the robes of Buddhist priests.

The tree can provide many environmental services. It is
highly wind tolerant and therefore makes a good compo-
nent in a windbreak or border planting. Growing in pas-
tures, it can provide fallen fruit for livestock, shade, and
long-term timber. In homegardens, the dense jackfruit
canopy can provide a visual screen and is very ornamental.

Introduced to most Pacific islands after European contact,
the tree can be found throughout the Pacific, mainly in
homegardens, where it finds a place among other favorite
multipurpose plants. It is easy to grow and more adaptable
than some of the other common Artocarpus species such as
breadfruit (4. altilis). It is not considered to be an invasive
species.

DISTRIBUTION

Native range

The tree is reportedly native to the rainforests of Malaysia

and the Western Ghats of India.

Current distribution

Jackfruit has been cultivated since prehistoric times and
has naturalized in many parts of the tropics, particularly
in Southeast Asia, where it is today an important crop
of India, Burma, China, Sri Lanka, Malaysia, Indonesia,
Thailand, and the Philippines. It is also grown in parts of
Africa, Brazil, Suriname, the Caribbean, Florida, and Aus-
tralia. It has been introduced to many Pacific islands since
post-European contact and is of particular importance in
Fiji, where there is a large population of Indian descent.
In a 1985 survey, jackfruit was present on 10—24% of Indo-
Fijian sugarcane farms in western Viti Levu, Fiji (Thaman
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and Ali 1993). In comparison, mango (Mangifera indica),
papaya (Carica papaya), drumstick tree (Moringa oleifera),
Murraya koenigii, and tamarind (Tamarindus indica) were
found on 75-100% of the farms. In Hawaif, it is occasion-
ally found in homegardens, and it is sold in farmer’s mar-
kets, although commercial production is minor. Jackfruit
is occasionally planted in backyard gardens in Guam. The
species is also reported to have been introduced to Palau,
Yap, Pohnpei, Nauru, Tabiteuea in Kiribati, Samoa, and
other islands (Fosberg et al. 1979).

BOTANICAL DESCRIPTION

Preferred scientific name
Artocarpus heterophyllus Lam.

Family
Moraceae (mulberry family)

Non-preferred scientific names

Artocarpus brasiliensis Gomez
Artocarpus heterophylla Lam.
Artocarpus maxima Blanco
Artocarpus philippinensis Lam.
Polyphema jaca Lour.

Soccus arboreus major Rumph.

Artocarpus integer (Thunb.) Merr and its synonym 4. inte-
grifolia L. f. are a different species (champedak), and these
names have often mistakenly been used as synonyms for 4.

heterophyllus.

Common names

Pacific islands

dapanapan(?) (Yap)

jack, jack tree, jackfruit, jak, jakfruit (English)
Jjacquier (French)

kapiak (Papua New Guinea)

uto ni India (Fiji)

‘ulu initia (Samoa)

Other regions

banun, khanun, makmi (Thai)

buen pan, jaca, pan de fruta, rima (Spanish)
chakki, kanthal, kathal, kathar, panos (Hindi)
Jackfrutchbaum (German)

langka, nancas (Filipino)

nangka, nongko (Javanese)



Size and form

Jackfruit is a medium-size, evergreen tree that typically at-
tains a height of 8—25 m (2682 ft) and a stem diameter of
30—-80 c¢m (12—32 in). The canopy shape is usually conical
or pyramidal in young trees and becomes spreading and
domed in older trees. The canopy diameter at 5 years old
ranges from 3.5-6.7 m (11—22 ft) and can reach 10 m or more
in older trees. The tree casts a very dense shade. Heavy side
branching usually begins near the ground. All parts of the

tree exude a sticky white latex when injured.

Flowers

This species is monoecious, having male and female inflo-
rescences (or “spikes”) on the same tree. Male and female
spikes are borne separately on short, stout stems that sprout
from older branches and the trunk. Male spikes are found
on younger branches above female spikes. Male spikes are
dense, fleshy, cylindrical to club-shaped, and up to 10 cm
(4 in) in length. Flowers are tiny, pale green when young,

turning darker with age. Female flowers are larger, elliptic
or rounded, with a tubular calyx. The flowers are reportedly
pollinated by insects and wind, with a high percentage of
cross-pollination.

Leaves

Leaves are dark green, alternate, entire, simple, glossy,
leathery, stiff, large (up to 16 cm [6 in] in length), and el-
liptic to oval in form. Leaves are often deeply lobed when
juvenile and on young shoots.

Fruit

Jackfruit has a compound or multiple fruit (syncarp) with
a green to yellow-brown exterior rind that is composed of
hexagonal, bluntly conical carpel apices that cover a thick,
rubbery, whitish to yellowish wall. The acid to sweetish
(when ripe) banana-flavored flesh (aril) surrounds each
seed. The heavy fruit is held together by a central fibrous
core. Fruits are oblong-cylindric in shape, typically 30—40

Left: Female (top) and male (bottom) flower spikes. Right: Seedlings have lobed leaves compared to the entire leaves on mature
trees. PHOTOS: C. ELEVITCH
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cm (12-16 in) in length but sometimes up to 9o cm (35
in). They usually weigh 4.5-30 kg (10-66 1b), although a
weight of 50 kg (110 Ib) has been reported (Morton 1987).
'The heavy fruit is borne primarily on the trunk and interior
part of main branches.

Fruits take go—180 days to reach maturity. In the Northern
Hemisphere, the main bearing season is late spring to early
fall (between March and September). A few fruits mature
in winter or early spring.

Seeds

Seeds are light brown to brown, rounded, 2—3 cm (0.8-1.2
in) in length by 1-1.5 cm (0.4-0.6 in) in diameter, and en-
closed in a thin, whitish membrane. Up to 500 seeds can
be found in each fruit. Seeds are recalcitrant and can be
stored up to a month in cool, humid conditions.

Rooting habit
Jackfruit has a strong taproot.

Fruit on 7-year-old tree. PHOTOS: C. ELEVITCH
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Similar species

Champedak (Artocarpus integer [Thunb.] Merr.) is easily
mistaken for jackfruit. There are several indicators differ-
entiating the two species; perhaps the easiest to see is that
champedak has smaller, rounder fruits, with less latex and
thicker rind. However, champedak is rarely found in the

Pacific.

GENETICS
Variability of species

Because the flowers are open-pollinated, there is usually
great variation in seedlings. Variation is exhibited in a wide
range of characteristics such as tree size and structure, leaf
and fruit form, age to bearing, and fruit quality. Fruit size,
shape, and color of the fruit and texture, odor, and taste
of the edible pulp vary tremendously. An exception is the
‘Singapore’ (or ‘Ceylon’) cultivar, which bears compara-
tively quickly from seed—usually in 18—30 months—and




is relatively true to type. It has medium-size fruits (6-12 kg
[13—26 Ib]) with soft, fibrous, and very sweet flesh.

Known varieties

Commercially, grafted cultivars are normally planted. The
fruit of most cultivars weighs 10—30 kg (22—66 1b), although
the full range of known cultivars is 2—36 kg (4.4—79 1b) and
even heavier. The fruit is generally grouped into two major
types by fruit quality: 1) thin, fibrous, and mushy edible
pulp, usually very sweet and emitting a strong odor, and
2) thick, firm, often crisp, less fragrant pulp. There are nu-
merous cultivars of each type in regions where jackfruit
is a significant food crop, including South India, Thailand,
Malaysia, the Philippines, and Ceylon. In Hawai‘i, grafted
cultivars include ‘Black Gold’, ‘Dang Rasimi’, ‘Golden
Nugget’, ‘Honey Gold’, and ‘NST’. Jackfruit usually has
two main seasons; in Hawai‘i it bears in May—August and
November—January. Details on these and other cultivars
are available from several excellent references (e.g., Crane
et al. 2002, Campbell and Lesdesma 2003, and Morton
1987) and in Tables 1 and 2 below.

Culturally important related species in the genus

Jackfruit belongs to the genus Artocarpus, a genus rich in
culturally important species including breadfruit (4. altilis),
dugdug (4. mariannensis), and breadnut (4. camansi). These
three species represent some of the most important tra-
ditional subsistence trees of Pacific islands. Elsewhere in
Southeast Asia and India, champedak (4. integer), lakoo-
cha (4. lakoocha), marang (A. odoratissima), kwai muk (4.
lingnanensis), and others are important fruit trees, all with
culturally important uses, and many with other valuable
products, such as timber.

ASSOCIATED PLANT SPECIES

Associated native species commonly found

Jackfruit is reported as a locally common endemic tree
species of the evergreen and semi-evergreen forests of the
Western Ghats of India. These mountains are a center of
biodiversity where more than 8oo species of trees have
been recorded. Ramesh (no date) classifies the vegetation
of the Western Ghats into the following: Wet evergreen
forests (with three subtypes based on elevation, with the
highest located above 1400 m [4600 ft]); dry evergreen
forests; moist deciduous forests; dry deciduous forests; and
grasslands. In these forests, jackfruit is one of 352 endemic
tree species.

There is great variation in fruit size, shape, color, etc., as
shown here at a jackfruit competition in Rayong, Thailand.
PHOTO: C. ELEVITCH

Species commonly associated as aboriginal intro-
ductions in Pacific islands

Jackfruitis a post-European-contact introduction to Pacific
islands. The tree is commonly planted in smallholder cane
farms in Fiji held by farmers of Indian ancestry. It is occa-
sionally found in small farms and homegardens through-
out the Pacific. Associated tree species include breadfruit
(Artocarpus altilis), dugdug (A. mariannensis), betel nut
palm (Areca catechu), coconut (Cocos nucifera), Musa textilis,
M. paradisiaca, M. sapendium, mango (Mangifera indica),
Annona spp., Pangium edule, cocoa (Theobroma cacao), Eu-
genia spp., and guava (Psidium guajava). Jackfruit is found
growing together with more than 50 tree species in Yapese
homegardens (Falanruw 1990). It is found occasionally on
farms and in homegardens throughout Hawai'‘i.

Species commonly associated in modern times or
as recent Pacific island introduction

The tree is often found as a component of homegardens
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in many tropical regions, albeit few in number at each
site. One example from Java shows but one jackfruit tree
among a listing of 39 homegarden plants (Abdoellah 1990).
The species is also a common associate of village tree gar-
dens. Other tree species include durian (Durio zibethinus),
Gnetum gnemon, Eugenia polycephala, Mangifera caesia, cof-
tee (Coffea robusta), Pangium edule, and bilimbi (Averrboa
bilimbi), to name a few (Michon and Mary 1990).

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Jackfruit grows in a wide range of tropical to subtropical
environments. It is most common in lowland forests up
to 250 m (820 ft), decreasing in abundance up to 1000 m
above sea level; it thrives best in moist tropical environ-
ments below 1000 m (3300 ft). Although tolerant of cooler
environments up to 1600 m (5250 ft), jackfruit may suffer
dieback in light frosts and does not tolerate freezing tem-
peratures. It bears fruit at latitudes of up to 30° from the
equator, with good crops at latitudes within +24°.

Climate

The tree grows well in the equatorial to subtropical mari-
time climates of the Indian and Pacific oceans. It is a com-
ponent of the tropical moist (rainforest) to semi-dry for-
est.

Elevation range

—1600 m (3.3—5250 ft)
Mean annual rainfall
1000—2400 mm (40—94 in)

Rainfall pattern

It favors environments with a uniform rainfall pattern, al-
though it will grow in seasonally dry climates.

Dry season duration (consecutive months with <40
mm [1.6 in] rainfall)

2—4 months

Mean annual temperature
24—28°C (75-82°F)

Mean maximum temperature of hottest month
32-35°C (90-95'F)

Mean minimum temperature of coldest month
16—20°C (61-68°F)
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Minimum temperature tolerated

-3—0°C (27-32°F)

Soils

Jackfruit grows best in well drained, deep soils of moderate
tertility but tolerates a wide range of soils including shal-
low limestone, sand, and rocky substrates. The tree does
not tolerate water stagnation or poor drainage. If the roots
touch stagnant water, the tree fails to bear fruit, or it may

die.
Soil texture

The tree can grow in light- and medium-texture soils (sands,
sandy loams, loams, and sandy clay loams).

Soil drainage

It requires free drainage.

Soil acidity
The tree tolerates moderately acid to neutral soils (pH
5.0—7.5).

Special soil tolerances

Jackfruit tolerates shallow, slightly saline, and infertile soils.
It also tolerates high pH limestone soils, rocky, and laterite
soils.

Tolerances

Drought

Jackfruit tolerates 3—4 months of drought. However, it does
best with even and continuous soil moisture.

Full sun

The tree prefers full sun at maturity.

Shade

Seedlings are best grown in 30—50% sunlight, with sun ex-
posure increasing to 100% as the tree matures.

Frost

Jackfruit is more cold-tolerant than other species in the
genus and can even tolerate light frost. At o°C (32°F) the
leaves may be damaged, and at —2°C (28°F), branches or
the whole tree may die.

Waterlogging

The tree does not tolerate waterlogging or poor drainage
and will decline and die if roots become waterlogged for
more than a day or two.



Salt spray

Jackfruit has moderate tolerance for salt spray.

Wind
The tree tolerates moderate wind quite well and has been

known to survive hurricane-force winds, recovering from
loss of leaves and small limbs.

Abilities

Self-prune

Jackfruit tends not to self-prune, instead retaining side
branches along the main trunk. Even when side branches
are pruned off, fruiting branchlets continue to sprout on
the lower trunk.

Coppice

The tree regrows well even after heavy pruning.

GROWTH AND DEVELOPMENT

Jackfruit is a rapid grower, reaching a height of 3 m (10
ft) and canopy diameter of 2 m (6.6 ft) in 2 years. Height
growth for the first few years is about 1.5 m/yr (5 ft/yr),
slowing to 36—60 cm/yr (14-18 in/yr) (Acedo 1992). A 20-
year-old tree can reach 17.5 m (57 ft) in height and 20 cm
(8 in) in trunk diameter (Morton 1987). While trees can
live to 100 years of age, their removal and replacement in
Thailand plantations after 20 years of growth suggests a
significant decrease in productivity with age.

Flowering and fruiting

Seedlings usually take 4—14 years before bearing fruit, al-
though the ‘Singapore’ (or ‘Ceylon’) cultivar begins bear-
ing fruit 18—30 months after transplanting (Morton 1987).
Fruits of most cultivars reach maturity in middle to late
summer. Morton (1987) reports that in Asia, depending
on the climatic region, fruits ripen mainly from March to
June, April to September, or June to August, with some oft-
season crops from September to December.

Reaction to competition

Jackfruit seedlings grow slowly in heavy shade. Weeding is
recommended to lessen competition for light, water, and
nutrients.

PROPAGATION
(after Wilkinson and Elevitch 2003)

Jackfruit seedlings are very easy to grow. Seedlings devel-

op very quickly, reaching 25 cm (10 in) in height within
3—4 months. Seeds are cross-pollinated and therefore not
true-to-type, so grafting known varieties onto rootstocks
is often done, especially for commercial production where
a uniform product with the best market qualities is impor-
tant. Because the seeds are large and grow quickly and their
root systems are sensitive to damage during transplanting,
direct-seeding in the field can give the best results. Field-
sown seedlings can be top-worked (grafted) with select
varieties once they are established. Propagation by vegeta-
tive means such as cuttings and air-layering is also possible,
although uncommon.

Seedlings

Seed collection

Trees usually bear fruit in two main seasons, although off-
season fruiting is common. Collect seeds from fruits of
trees with outstanding growth and fruit qualities.

Seed processing

After opening the fruit with a large knife, seeds are sepa-
rated from the fleshy sheaths that enclose the seeds. Each
fruit contains 100—500 seeds; there is no correlation be-
tween fruit size and the number of seeds it contains. There
are about 50—9o seeds/kg (23—41 seeds/Ib). The thin, slimy
coating around the seed (perianth lobe) should be removed
and the seeds thoroughly rinsed in water to remove any
remaining pulp juice or sugary residue. Only the largest
seeds should be used, as these will give the earliest and
highest germination and produce the strongest seedlings.
Seeds may be air-dried in the shade for about an hour for
ease of handling, but they should not be allowed to dry out,
as this will kill them. Germination for seed sown within a
tew days of harvesting is usually high, around 9o%.

Seed storage

Seeds are recalcitrant, i.e., they do not retain viability when
dried or stored for extended periods. They should be plant-
ed immediately for best germination and seedling vigor.
Seeds can be stored moist in a plastic container in the re-
frigerator for up to a few weeks. Stored seeds germinate
more slowly than fresh seeds.

Seed pretreatment

No pretreatment is required. However, soaking in water or
a dilute gibberellic acid solution for 24 hours prior to sow-
ing hastens germination and is recommended. Hot water
treatment has been used successfully to stimulate germina-
tion (Oyen and Dung 1999).
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Growing area

Seeds are sown at a depth of 2 cm (0.8 in), and can be laid
flat or planted with the hilum pointing down.

Germination

Germination begins in 1—3 weeks, or longer (up to 6 weeks)
if seeds were stored more that a few days after collection.
Daily watering is often necessary once seeds germinate.

Media

A well drained medium is recommended, such as 50% peat
moss, 25% perlite, 25% vermiculite amended with a little
compost, dolomite lime, gypsum, and a 14-14-14 slow-re-
lease or an organic fertilizer. In the nursery, 2—4 1 (2—4 qt)
root-training containers work well. The seedlings should
not be allowed to root through the container into the un-
derlying substrate, as the roots would have to be cut or
broken for transplanting.

Approximate size at outplanting

Seedlings have reached target size when approximately 20
cm in height and have a stem diameter of 9 mm (0.35 in).
This takes about 3—4 months in good growing conditions.

Guidelines for outplanting

If seedlings are grown in the nursery, it is crucial to outplant
them before they become root-bound. Transplanting seed-
lings when they have just filled out their growing container
will ensure minimal trauma to the root system. In ideal
conditions, field survival of about 9o% can be expected.

Direct-seeding

Direct-seeding in the field is the best propagation method
if the planting locations are well prepared, weed free, and
frequently tended for the first 6~12 months of growth. It
eliminates any transplant trauma. In direct-seeding, an
area is prepared for each planting spot, cleared of weeds,
and cultivated to a depth of 50 cm (20 in) if the soil is com-
pacted. Seeds are planted at a depth of 2—3 cm (0.8-1.2 in).
Sowing several seeds at each site allows for selecting the
most vigorous seedling and can prevent the necessity of
reseeding. The drawbacks of direct-seeding include risk of
predator damage (e.g., rats, pigs, cattle, etc.), lack of rains
to sustain the newly germinated seeds, and the mandatory
frequent maintenance that must be done to ensure weeds
do not overcome the seedlings.

DISADVANTAGES

Jackfruit is susceptible to damage by a wide number of
boring insects and plant diseases. Although the tree is long-
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lived, the recommended practice in some regions is to re-
move 20-year-old trees because of declining productivity.
Some people find the aroma of the fruit to be objection-
able, particularly in confined spaces.

Potential for invasiveness

Jackfruit does not spread readily and is not considered
invasive. In most areas of the world where jackfruit is
grown, its presence is indicative of human cultivation.

Pests and diseases

In southwestern and southern Asia, boring insects seem
to be the major pests of jackfruit. These include Indarbela
tetraonis, Batocera rufomaculata, Margaronia caecalis, and
Ochyromera artocarpio (Morton 1987). In India the main
insect pests are the shoot-boring caterpillar (Diaphania
caesalis), mealybugs (Nipaecoccus viridis, Pseudococcus corym-
batus, and Ferrisia virgata), spittle bug (Cosmoscarta relata),
and jack scale (Ceroplastes rubina).

In southern China, the fruit stem is susceptible to damage
from the larvae of the longicorn beetles Aprona germarri,
Pterolophia discalis, Xenolea tomenlosa asiatica, and Olen-
ecamptus bilobus. The caterpillars of leaf webbers (Perina
nuda and Diaphania bivitralis), aphids (Greenidea artocarpi
and Toxoptera aurantii), and thrips (Pseudodendrothrips
dwivarna) are minor problems (Morton 1987).

Important diseases of jackfruit are pink disease (Pe//iculana
[syn. Corticum] salmonicolor); stem, fruit, and male inflo-
rescence rot caused &y Rhizopus artocarpi; and leafspot due
to Phomapsis artocarpina, Colletrotrichum lagenarium, Sep-
toria artocarpi, and other fungi. Gray blight (Peszalotia elas-
ticola), charcoal rot (Ustilana zonata), collar rot (Rosellinia
arcuata), and rust (Uredo artocarpi) occur on jackfruit in
some regions (Morton 1987).

According to Crane et al. (2002), wood boring insects in
Florida include Elaphidion mucronatum, Nyssodrysina hal-
demani, and Leptostylopsis terraecolor. Various scales and
mealybugs may attack stems and fruit.

Diseases include Rbizopus fruit rot (Rhizopus artocarpi),
gray mold (Borrytis cinerea), root rot (Pythium splendens,
Phytophthora spp., Fusarium spp., and Rhizoctonia spp.),
and leaf spotting by fungi (Gloeosproium sp. and Phyllost-

icta artocarpi).

Other disadvantages

'The fruit is relatively uncommon in many parts of the Pa-
cific including Hawai‘i, and the large size and characteris-
tic odor can be deterrents in the marketplace. Young plants



require protection from grazing animals and sun scald. In Intercropping

plantations, fairly wide spacing between trees is required in  Tp, the Philippines, jackfruit has been used as an intercrop
order to reduce competition for light, water, and nutrients. with coconuts. Other intercrops include durian, mango,

and citrus. At an early age, short-term crops such as ba-

AGROFORESTRY/ENVIRONMENTAL nana, sweet corn, and groundnut have been grown.
PRACTICES Homegardens

Jackfruit makes an excellent tree for a homegarden for its
beautiful foliage, many products, and bountiful produc-
The tree can be planted on farms to control soil erosion. tion. One large tree in its prime can supply fruit for several
families.

Soil stabilization

Crop shade/overstory
Jackfruit is used as a shade tree for coffee, pepper, betel nut, ~ Windbreaks

and cardamom. Because the tree casts a deep shade, wide Jackfruit makes a very good component in a multi-spe-
spacing such as 15 x 15 m (50 x 50 ft) is recommended unless cies windbreak and has been known to withstand hurri-
the intercrop is considered short-term. cane-force winds. Because the fruit is borne on the main

trunk and interior of larger branches, fruit damage due to

- Pl .'I F '\ & 4 i . N : . X :
Left: A heavily bearing mature jackfruit growing among other fruit trees including banana. Right: Trees grown for timber with
side branches pruned and fruiting branchlets regularly removed from the lower trunk. PHOTOS: C. ELEVITCH
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moderate wind is minimal.

Silvopasture

Livestock readily eat jackfruit foliage, so young trees would
not survive exposure to grazing animals. However, live-
stock can be pastured among mature trees. Fallen fruit are
readily eaten by livestock and make an excellent contribu-
tion to their diet.

Host plant trellising

Jackfruit has been used a support for pepper vine and yam
(Dioscorea spp.).

Ornamental

Jackfruit has glossy, medium to deep green foliage and
makes a wonderful ornamental. The highly fragrant fruit
may be offensive to neighbors, which can be a drawback to
growing jackfruit near houses, especially in urban areas.

USES AND PRODUCTS

Staple food

'The pulp of the young fruit is cooked as a starchy food and
has a consistency resembling meat. The young fruit is also
pickled or canned in brine or curry.

Fruit

The ripe fruit is eaten fresh or is processed into numerous
delicacies including jam, jelly, and chutney. It also makes
an excellent dried fruit or preserved candy when combined
with sugar or honey. The pulp is also used as a flavoring in
ice cream and drinks. Canned fruit is available in ethnic
markets (e.g., Hawai‘).

Nut/seed

The seeds must be cooked by boiling or roasting prior to
eating. They are an excellent addition to curries, or can
be eaten freshly cooked or dried with salt as a snack. The
cooked and dried seeds are milled to a flour-like consis-

tency and added to bread dough.
Leaf vegetable

'The tender young leaves are cooked and eaten as a veg-
etable.

Other vegetable

Young male flower spikes can be grated or smashed and
eaten with salt and vinegar as a vegetable, or pickled. They
are also cooked and served as a vegetable.
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Beverage/drink/tea

Aside from flavoring for beverages, the fruit can be fer-
mented and distilled to produce an alcoholic liquor.

Medicinal

All parts of the tree are said to have medicinal properties.
Morton (1987) reports, “The Chinese consider jackfruit

TIPS

How to tell if a fruit is mature

In order to achieve best fruit quality, the fruit must be
allowed to develop to full maturity on the tree, then
ripen after harvest. Harvested even a few days too ear-
ly, the fruit will not ripen to its best quality. Fruits take
3-8 months from flower to mature fruit, depending on
the individual tree, growing conditions, and weather;
therefore, time from flowering alone is not a good in-
dicator of maturity. It takes some experience to gauge
maturity. There are four primary indicators. 1) The skin
turns from light green to yellowish or brownish green;
2) the points of the spines grow further apart and flat-
ten slightly, and the skin yields slightly to pressure; 3)
The last leaf on the stalk turns yellow; 4) the fruit pro-
duces a dull, hollow sound when tapped. Usually two
or more of these indicators are used to evaluate the
maturity of fruit. After harvesting a mature fruit, it
ripens in 3— days and begins to emit its strong, char-
acteristic fragrance. For most people, the fragrance is
too strong to bear indoors, and the fruit is kept outside
or in an open shed until eaten.

Harvesting fruit

Fruits are collected using an orchard ladder or by
climbing the trees, cutting the stem of the fruit, and
carefully lowering the fruit to the ground with a rope
if necessary.

Reducing latex

Harvesting ripe fruits between mid-morning and late
afternoon can reduce latex flow (Acedo 1992).

How to avoid a sticky mess

When cutting into a jackfruit, a very sticky latex is
exuded from the rind and fibrous parts of the fruit.
Coating the knife and hands with edible oil (such as
coconut oil) will prevent the latex from sticking. If
some latex becomes inadvertently stuck to the skin or
hair, it can be removed by rubbing with edible oil.



George and Margaret Schattauer show a ‘Black Gold’ fruit
from their orchard weighing 34.7 kg (76.4 1b). Kealakekua,
Hawai‘i. PHOTO: K. LOVE

pulp and seeds tonic, cooling and nutritious, and to be
‘useful in overcoming the influence of alcohol on the sys-
tem’. The seed starch is given to relieve biliousness and
the roasted seeds are regarded as aphrodisiac. The ash of
jackfruit leaves, burned with corn and coconut shells, is
used alone or mixed with coconut oil to heal ulcers. The
dried latex yields artostenone, convertible to artosterone, a
compound with marked androgenic action (having male
hormone activity). Mixed with vinegar, the latex promotes
healing of abscesses, snakebite and glandular swellings.
The root is a remedy for skin diseases and asthma. An ex-
tract of the root is taken in cases of fever and diarrhea. The
bark is made into poultices. Heated leaves are placed on
wounds. The wood has a sedative property; its pith is said
to produce abortion.”

Animal fodder

Cattle, goats, and other small ruminants relish the leaves.
Cattle and pigs also readily eat fallen fruit. The waste after
removing the pulp from fruits (“rags”) is considered good

todder for cattle and pigs.

Flavoring/spice

'The ripe pulp, fresh, concentrated, or powdered, is made
into flavoring for ice cream and beverages.

Masticant/stimulant

'The latex can be used as chewing gum.

Timber

The wood is classified as a medium hardwood (specific
gravity 0.6—0.7) and is highly valued for building mate-
rial, furniture and cabinet making, and even for musical
instruments. It is highly durable, resisting termites and de-
cay, seasons easily, resembles mahogany in appearance, and
takes a beautiful polish. As the wood ages, it turns from
yellow or orange to red or brown. Although not as strong
as teak (Zectona grandis), jackfruit wood is considered su-
perior for many purposes including furniture, construction,
turnery, masts, oars, implements, and musical instruments.
'The excavated roots of old trees are highly prized for carv-
ing and picture frames.

Fuelwood

Branches and trunk are burned for fuelwood.

Craft wood/tools
In the province of Cebu, Philippines, the wood is highly

prized for making guitars, ukuleles, and other musical in-
struments.

Rope/cordage/string

'The inner bark can be made into cordage or cloth.

Wrapping/parcelization
In India, leaves are used to wrap food for cooking and are
woven together for plates.

Resin/gum/glue/latex

'The heated latex can be used as a glue for mending chi-
naware and pottery and as caulking for boats and buckets.
The latex contains resins that may have use in varnishes.
'The latex also has bacteriolytic value comparable to that of
papaya latex. Additionally, the sticky latex is used for trap-
ping birds (birdlime) and for insect traps.

Tannin/dye

There is 3.3% tannin in the bark. When boiled with alum,
wood chips, or sawdust, it yields a dye that is commonly
used to give the characteristic color to the robes of Bud-

dhist priests and in dying silk.
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a
Cutting a large fruit, Rayong, Thailand. prOTO: C. ELEVITCH

Ceremonial/religious importance

In India and Nepal, flowers and fruit are offered to Lord
Vishnu on the eleventh day of Shravan. According to Mor-
ton (1987), dried branches are used to produce fire by fric-
tion in religious ceremonies in Malabar.

COMMERCIAL CULTIVATION

The primary commercial products of jackfruit are fruit,
timber, and to a lesser extent, fodder. In the Pacific the
tree is most commonly grown in homegardens rather
than for commercial purposes. Jackfruit is a popular tree
for homegardens in India, the Philippines, Thailand, Sri
Lanka, and other regions where jackfruit is grown com-
mercially.

Spacing
For fruit production, trees are planted 7.5-12 m (25—40 ft)

apart. Closer in-row spacing can be used for slower grow-
ing or more compact clonally reproduced cultivars (usually
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grafted clones) with in-row spacing of 4.6—7.6 m (1525 ft)
and between-row spacing of 6.1-7.6 m (20—25 ft) (Crane
et al. 2002). For timber production, closer spacing should
be used to inhibit side branching by shading and promote
long, straight trunks. Spacing for timber of 2x3 m or3x 3
m (6.6 x 10 or 10 X 10 ft) is suitable.

Management objectives and design consider-
ations

During early establishment it is essential to control weeds,
maintain soil moisture, and protect the area from all graz-
ing animals. Weed-seed-free mulch such as leaves, chipped
tree branches, or hay works very well to help suppress
weeds and reduce soil evaporation. An alley cropping sys-
tem to produce mulch for a jackfruit orchard gave promis-
ing results (Elevitch and Wilkinson 1999). At an age of 2—3
years, the trees can be topped at 3-5 m (1016 ft) height to
encourage lateral growth for fruit production at an acces-
sible height. Once a tree is topped, however, new branches
will not be as strong as the original frame of the tree, and
top pruning will have to be done throughout the life of
the tree to avoid branches breaking off due to wind or the
weight of the fruit.

Pruning damaged branches, especially on the lower interior
of the tree, is advised. Fertilizer needs are not well studied
for jackfruit. The tree seems to perform well even on mod-
erately fertile soils. A recommended commercial fertilizer
regime is 100-150 g (3.5—5 0z) ammonium sulfate (20-0-0)
per tree in the first year, increasing in pre-bearing years;
then o.5-1.0 kg (r.1-2.2 Ib) of 14-14-14 fertilizer per tree
increasing with age and size, with a full-grown tree 15-20
years old receiving 2—3 kg (4.4-6.6 Ib) complete fertilizer
(Coronel 1983). The use of nutrient-rich organic mulches
such as prunings from fast-growing nitrogen-fixing trees
can reduce or eliminate the use of industrial fertilizer.

For timber production, it is important to keep the lower
portion of the trunk clear of branches and fruit-bearing
lateral spikes in order to produce clear, knot-free wood.
Because jackfruit has a tendency to produce fruit-bearing
spikes low on the trunk, annual pruning of these spikes is
often necessary.

Advantages of polycultures

During the early years, jackfruit can be successfully
intercropped with a number of short-term crops such as
legumes, vegetables, and banana. The intercrop makes use
of the unproductive space available in the early years and
gives an income before the jackfruit trees come into pro-
duction. As the trees grow closer, the crops grown among
the trees can be replaced by a permanent ground cover.



Table 1. Tree characteristics of cultivars found in Hawai‘i (after Crane et al. 2002).

Cultivarand ~ Growth habit  Fruit weight Fruit Yield pertree Seasonand ~ Comments

origin and rate shape months

‘Black Gold”  Open, spread- 10 kg (221b) Long, 55—90 kg Late, Sept.—  Tree easily pruned to maintain small

Australia ing, fast tapered  (120—2001b)  Oct. tree (~2.5 m [8 ft])

‘Dang Rasimi” Open, spread-  8—9 kg Uniform  (75-125 kg Mid, July- Vigorous tree; annual pruning needed to

Thailand ing, fast (18—20 1b) oblong (165275 1b) Aug. maintain moderate size (~3.3 m [11 ft])

‘Gold Nugget’” Dense, spread-  3-5.5 kg (7-12 Round ~ 60-80 kg Early, May-  Thinning number of fruit recommend-

Australia ing, fast 1b) (132-176 1b) June ed; tree easily pruned to maintain small

tree (~2.5 m [8 ft])

‘Honey Gold’  Sparse, spread-  4.5-5.5 kg Blocky  35-50 kg Mid, July- Thinning number of fruit recommend-

Australia ing, slow-mod-  (10-12 Ib) (77-110 Ib) Aug. ed; tree easily pruned to maintain small
erate tree (~2.5 m [8 ft])

‘Lemon Gold” Moderately 6 kg (31b)  Blocky  30—45kg Mid, July- Vigorous tree; annual pruning needed to

Australia dense, spread- (66—100 1b) Aug. maintain moderate size (~3.5 m [12 ft])
ing, moderate

‘NST Dense, upright, 4-5.5kg Blocky 9o kg (2001b) Early, May—  Thinning number of fruit recommended

Malaysia moderate (9—12 Ib) June for young trees; moderately vigorous

tree; annual pruning to maintain moder-
ate size (~3 m [10 ft])

Table 2. Characteristics of edible portion, cultivars found in Hawai‘i (after Crane et al. 2002).

Cultivar Color Texture Flatspines % edible #seedsper Flavor Comments
atripening flesh fruit; seed %
‘Black Gold”  Deep orange =~ Medium- No 35% 192; 17% Good, sweet, aro-  Flesh easily removed
firm to melt- matic
ing, soft
‘Dang Rasimi” Deep orange  Firm to soft  No 32% 187; 12% Mild, sweet flavor,  Flesh thin walled
pleasant aroma
‘Golden Nug-  Deep orange ~ Soft to me-  Yes 41% 79; 13% Very pleasant flavor  Fruit may split after
get’ dium firm heavy rains
‘Honey Gold” Dark yellow  Firm Yes 36% 42; 5% Sweet, rich flavor Flesh thick walled,
to orange and aroma excellent texture
‘Lemon Gold” Lemon yellow Firm Yes 37% 104; 14% Sweet and aromatic Flesh thick walled
flavor
‘NS1T Dark orange  Firm Yes 34% 63; 5% Sweet rich flavor Excellent texture
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growth of stems often breaks under the weight of the fruit.
PHOTO: C. ELEVITCH

Perennial crops such as durian, coffee, and citrus can be
grown together with jackfruit, given wider spacing be-
tween jackfruit trees to allow sufficient space for the other
crop trees.

Yields

Potential yields of 100—200 fruits per tree per year have
been estimated. For example, in India a good annual yield
is considered to be 150 large fruits per tree (Morton 1987).
Actual yields of mature trees are 70-100 kg (150—220 1b)
of fruit/tree/yr depending on variety, cultural practice, and
environmental factors (Soepadmo 1992).

On-farm processing methods

The fruit can be processed in several ways such as drying,
candying, and pickling. These are relatively simple meth-
ods to preserve the fruit that can be done on-farm.
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Markets

Jackfruit is heavy and cumbersome to transport and should
be harvested when mature only 3—5 days from ripening, so
it is best to have a market close by if selling fresh fruit. For
more remote areas, where the local market is small, pro-
cessing the fruit into a more stable product such as dried
or processed fruit may be necessary.

INTERPLANTING/FARM
APPLICATIONS

Jackfruit has been planted as an intercrop in coconut
groves, in durian, mango, and citrus orchards, and for dis-
persed shade in coffee plantations. In young jackfruit or-
chards, where there is ample space between trees, annual
crops can be grown. One or two trees growing in mixed
homegardens together with numerous other tree crops is
also very common.

Example system
(after Elevitch and Wilkinson 1999a)

Location

Holualoa, Hawai‘i.

Description

This project studied alley cropping for mulch production
in a jackfruit orchard. In alley cropping, fast growing ni-
trogen-fixing trees (NFTs) are grown in contour hedge-
rows alternated with crops to provide an abundant source
of nutrient-rich organic matter that is applied to the soil as
mulch. By cycling nutrients in the agricultural system, alley
cropping in an orchard setting holds promise for greatly
reducing, and possibly eliminating, the need for manufac-
tured or imported fertilizer inputs, replacing them with an
on-site organic source of fertility. Research focused primar-
ily on the ability of the alley cropping technique to provide
sufficient nutrients to tree crops, as well as the economic
feasibility of the practice for orchards. The two NFT spe-

cies were Acacia angustissima and Calliandra calothyrsus.

Crop/tree interactions

'The hedgerows were pruned for mulch four times during
the project. Hedgerow prunings fresh weight and nutrient
concentrations for the two NFT species were measured
at each cutting to ascertain fertilizer replacement values.
Data show that the hedgerows produced about 136 kg (300
Ib) of mulch per fruit tree per year. Nutrients from this
mulch source provided the nutrient equivalent of over 561
kg chemical fertilizer per hectare per year (500 Ib/ac/yr),
potentially replacing 180 kg (400 Ib) urea, 11 kg (25 Ib) treble



. F =i Velen il - 3
Hedgerows of fast-growing nitrogen-fixing trees grown be-
tween rows of jackfruit. PHOTO: C. ELEVITCH

superphosphate, and 55 kg (120 Ib) muriate of potash. Soil
analysis showed significant increases in total nitrogen and
potassium as a result of the practice. Soil pH also improved,
becoming less acidic. The mulch also reduced the need for
weed control around the crop trees and conserved soil
moisture. The health and vigor of the mulched crop trees
visibly surpassed that of the control trees without mulch,
and analysis of the data shows a trend of faster growth and
larger stem diameter in the mulched trees over unmulched.
The costs of this practice are roughly equivalent to using
purchased mulch materials. This practice may be particu-
larly of benefit to cash-poor Pacific island farmers, who
have better access to labor than cash.

Spacing/density of species
The jackfruit trees were planted in contour rows 8—12 apart

with 4 m (13 ft) spacing between trees in-row. The contour
hedgerows were planted midway between jackfruit rows.

PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Extension offices for agroforestry and forestry in the Pa-
cific: http://www.traditionaltree.org/extension.html

GENETIC RESOURCES

Germplasm collections are located in the United States
(U.S. Department of Agriculture, Subtropical Horticultur-
al Research Unit, Miami, Florida), Indonesia (Centre for
Research & Development in Biology, Bogor), the Philip-
pines (Institute of Plant Breeding, Los Bafios), and Thai-
land (Plew Horticultural Research Centre).
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Artocarpus mariannensis (dugdug)

Moraceae (mulberry family)

chebiei, ebiei meduuliou, mai (Palau); dugdug, dokdok (Guam: Chamorro); maiyah (Puluwat, Yap); Marianas bread-
fruit, seeded breadfruit (English); mei chocho (Chuuk); mei kole (Pohnpei); mejwaan (Marshall Islands); mos en kosrae
(Kosrae); te mai (Kiribati); ulu elihe, ulu elise (Tokelau)

Diane Ragone and Harley I. Manner

IN BRIEF

Distribution Palau, Mariana Islands, FS Mi-
cronesia, Kiribati, Marshall Islands, Tokelau,
Tuvalu, Nauru, Banaba, and Rabi Island, Fiji.

Size Large tree 20 m (66 ft) or more at ma-
turity.

Habitat Tropical regions, usually found sea
level to 150 m (490 ft) with rainfall of 1300—
3800 mm (50—150 in).

Vegetation Associated with remnants of tall
native-canopy forest and secondary forest.

Soils Associated with raised coral or elevated
limestone.

Growth rate Moderately fast growing in fa-
vorable conditions, growing 0.5-1.5 m (1.5—5 £t)
per year.

Main agroforestry uses Soil stabilization,
overstory, homegardens.

Main products Staple food, medicinal, wood
for crafts and timber.

Yields 50 kg (110 Ib) or more fruit per tree per
year.

Intercropping Interplanted with small fruit
trees or short-term fruit and vegetable crops.

Invasive potential It has little potential to
become invasive.

PHOTO: D. RAGONE
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Dugdug tree.
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INTRODUCTION

Artocarpus mariannensis (dugdug) is native to the Mariana

Islands and Palau and is closely related to breadfruit (4.
altilis), with which it has naturally hybridized. It is rec-
ognized on those islands as being distinct from bread-
fruit. However, this species and the numerous interspecific

hybrids in Micronesia are considered to be “breadfruit,”
whether they are seeded or seedless. Micronesian naviga-
tors spread it throughout the region and it is now widely
cultivated, mostly in coastal areas and on atolls. In Kosrae

it is believed to generally occur in the long-abandoned in-
terior of the island, although some trees are found in low-
land areas. It has been distributed as far south as Tuvalu,
Tokelau, and Rabi Island, Fiji, and a few trees have been

introduced to Hawai‘i. It is not grown elsewhere in the

Pacific or in other tropical regions. This species, its close

relative, Artocarpus altilis,and the many hybrid varieties are

a major staple food tree in the Micronesian region. It toler-
ates salinity better than seedless breadfruit, but is usually

cultivated in the interior of the atolls’islets (motus) in close

proximity to the taro swamps, where damage from salin-
ity is less. The fruit is high in carbohydrates and is a good

source of minerals and vitamins, especially vitamin A. The

high-protein, relatively low-fat seeds are roasted and eaten.
'The large evergreen trees can reach heights of 20 m (66 ft)

or more with buttressed trunks more than 2 m (6.6 ft) in

diameter at the base. Trees of dugdug and hybrid varieties

tend to be more massive than A. altilis, often not branch-
ing below 5 m (16 ft) from the ground. The straight trunks

are very desirable for canoes, although the wood needs to

be protected from direct sunlight. The sticky white latex

is used as caulking and glue. Wild populations in Guam

and the Northern Marianas are seriously declining due to

typhoon damage and the disappearance of its important

natural disperser, flying foxes.

DISTRIBUTION

Native range

This wild seeded relative of breadfruit (Artocarpus altilis)
is native to the Mariana Islands, in limestone and ravine
forests from coastal to lower mountain slopes. In Palau, it
is common in the Rock Islands, in Peleliu, Angaur, and
Kayangel, and in the Southwest Islands of Sonsorol, Fana,
Pulo, Ana, Merir, and Tobi. It also found in calcareous soils
along the northeast coast and on the volcanic island of Ba-
beldaob. It is distributed through its natural range by flying
foxes (fruit bats).
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Current distribution

Dugdug and hybrid varieties (4. mariannensis x A. altilis)
are cultivated throughout the Republic of Palau, Federated
States of Micronesia, Kiribati, Republic of the Marshall
Islands, Tokelau, Tuvalu, Nauru, Banaba, and Rabi Island,
Fiji. A few dugdug trees can be found in Hawai‘. It has
not been distributed elsewhere in the Pacific or to other
tropical regions.

BOTANICAL DESCRIPTION

Preferred scientific name

Artocarpus mariannensis Trécul

Family

Moraceae

Non-preferred scientific names

Artocarpus altilis
A. camansi

A. communis

A. incisa

Common names

chebiei, ebiei, meduulion, mai (Palau)

dugdug, dokdok (Guam: Chamorro)

maiyah (Puluwat, Yap)

Marianas breadfruit, seeded breadfruit (English)

mei chocho (Chuuk)

mei kole (Pohnpei)

mejwaan (Marshall Islands)

mos en kosrae (Kosrae)

te mai (Kiribati)

ulu elibe, ulu elise (Tokelau)

Size

It can reach heights of 20 m (66 ft) or more at maturity.
The trunk may be 2 m (6.6 ft) or larger in diameter, often
growing to a height of 5 m (16 ft) or more before branching.
A sticky white latex is present in all parts of the tree. The

bark is smooth, brownish-gray, with new shoots purplish-
green.

Form

Single-trunked tree with rounded, spreading evergreen
canopy and typically forms buttresses at the base of the
trunk.

Flowering

Monoecious with male and female flowers on the same
tree at ends of branches, with the male inflorescence ap-
pearing first. Male flowers are club-shaped, up to 3 cm (1.2



in) in diameter and 8-12 cm (3.14.7 in) long. Thousands of
tiny flowers with two anthers each are attached to a central
spongy core. Female inflorescences consist of 1500—2000
reduced flowers attached to a spongy core. The flowers fuse
together and develop into the fleshy, edible portion of the
fruit. Cross pollinated but pollination is not required for a
fruit to form.

Leaves

Leaves are alternate, 1530 c¢m (5.9-11.8 in) long, broadly
obovate to broadly elliptic, typically entire or shallowly 1—3-
lobed on the upper third of leaf. Blade is smooth, glossy,
flexible, dark green with greenish-yellow veins and few
hairs on upper veins. Few to many appressed reddish hairs

are found on veins on the leaf underside. Two large green
stipules enclose the bud and turn yellow before dehiscing.

Fruit
The fruit is a small fleshy syncarp, cylindrical, kidney-

shaped or asymmetrical, about 15 cm (5.9 in) long, weigh-
ing approximately 500 g (1.1 Ib). Its skin is dark green, even
when mature, with a pebbly texture from the raised, flat-
tened, hexagonal disks of individual flowers. The pulp is
whitish-yellow when immature and deep yellow when ripe,
with a sweet aroma and taste. The fruit is not as solid or
dense as breadfruit because the individual flowers form-
ing the fruit are fused together only at their bases. Fruit is
produced mainly in summer.

1_@ .

Left: Immature fruit and leave
RAGONE

Variable leaf form of dugdug. pHOTO: J. WISEMAN

Seeds

The fruit contains up to 15 large, dark brown, shiny ed-
ible seeds 1.5 cm (0.6 in) long, with little to no endosperm
and no period of dormancy. They germinate immediately
and are unable to withstand desiccation. They are typically
spread by flying foxes.

How to distinguish from similar species/look-a-likes

'This species can be readily distinguished from breadfruit (4.
altilis) by the small, typically entire leaves. The dark green,
lumpy fruit is smaller and more asymmetrical than bread-
fruit, with a dark yellow pulp. Artocarpus camansi (breadnut,
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kamansi) has oblong, very spiny fruits with little pulp and
numerous large, light brown seeds, and large, shallowly
dissected leaves with 4—6 pairs of lobes.

GENETICS

Variability of species

Dugdug is a genetically variable diploid species, produces
abundant fertile pollen, and has naturally hybridized with
A. altilis in Micronesia. Seeded hybrids and dugdug will
readily cross with seeded forms of A. a/tilis when grown
together, and there is much variation in the resulting seed-
lings.

Known varieties

There are no varieties of dugdug, but there are numerous
varieties that are hybrids of 4. mariannensis and A. altilis.
These hybrid varieties exhibit great variability in leaf and
fruit form and can be seeded or seedless. The fruits typi-
cally are rough-skinned or pebbly, light to dark green in
color, with flesh intermediate in fusion between dugdug
and the dense, solid fruits typical of seedless Polynesian
breadfruits. Seeded types typically have lumpy, asym-

Hybrids are easily recognized by their shiny, bumpy or pebbly skin. pHO-
TOS: D. RAGONE
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metrical fruits 12—30 c¢m (3.7-11.8 in) long; some unusual
forms have narrow, elongated fruits up to 45 cm long. Most
seeded types are unique to a particular area, because they
are local seedling selections. Some seedless hybrid cultivars
such as ‘Mein padahk’ are widely distributed and grow on
both high islands and coral atolls.

‘Mein padahk’ (‘Butatak’,‘Betaaktak’) is important through-
out the FSM and the Marshall Islands and is well adapted
to atoll conditions. It is tall, reaching heights of 12-15 m
(39—49 ft), with a dense, spreading canopy. The small, shiny,
moderately dissected leaves have three to five pairs of lobes
(some have only one or two pairs). The oval to asymmetri-
cal, light yellow-green, seedless fruits are 12-24 cm (4.8-9.6
in) long and 11-16 cm (4.4—6.4 in) wide and weigh o.7—3.1
kg (1.5-6.8 Ib), averaging 1.8 kg (3.9 Ib).

“Te mai keang’ is found in Kiribati, the outer islands of
Chuuk and Yap, Banaba, other Micronesian atolls, and
Rabi island, Fiji. This seeded hybrid cultivar has pebbly-
textured fruits typical of dugdug and deeply dissected
leaves with 4—6 pairs of widely spaced, narrow lobes typi-
cal of 4. altilis.

Genetic resources where collections exist

A breadfruit germplasm collection at the National Tropi-
cal Botanical Garden in Hawai has eight ac-
cessions of dugdug from the Northern Mariana
Islands, Chuuk, and Pohnpei and more than 30
accessions of A. altilis x A. mariannensis hy-
brids from Chuuk, Pohnpei, Palau, Guam, and
Tokelau.

ASSOCIATED PLANT SPECIES

Dugdug is an important component of the veg-
etation associated with raised coral or elevated
limestone. In the southern Marianas what re-
mains of the once-extensive, tall, closed-canopy
forest is dominated by enormous wild dugdug
trees and banyan (Ficus spp.). The most com-
mon trees in inland areas of elevated limestone
belong to the genera Ficus, Pandanus, Intsia,
Elaeocarpus, Aglaia, Fagraea, Pipturus, Cycas, Cla-
oxylon, Osmoxylon, Syzygium (Eugenia), Premna,
Guamia, Hernandia, Pouteria, Erythrina, Aidia,
Melanolepis, Cynometra, Semecarpus, Meryta,
Milletia, and Dracaena. Depending on the area,
the undergrowth includes Psychotria, Clero-
dendrum, Morinda, Tarenna, Phyllanthus, Poly-
scias, Maesa, Ficus, Maytenus, and Syzygium and
tangled vines of Canavalia, Mucuna, Operculina,
Alyxia, Caesalpinia, Connarus, and Freycinetia.



Clockwise from top left: Long hybrid; hybrid variety ‘Te mai keang;’ hybrid variety ‘Mein padahk;’ variation in fruits from dif-
ferent dugdug trees. PHOTOS: D. RAGONE

In the Marianas this forest occurs largely on flat terraces

and cliffs.

In Palau dugdug occurs on elevated limestone islands with
steep slopes and ridges as well as on coral platform islands
and an atoll. The sharply eroded limestone karst is dense-
ly wooded with a closed and diverse broadleaf evergreen
forest composed of Eugenia reinwardtiana, Morinda lati-
bracteata, Garcinia matudai, G. rumiyo var. calcicola, Intsia
bijuga, Rinorea sp., Cycas circinalis, Flacourtia rukam, Aidia
cochinchinensis, Mertya senfftiana, Polyscias grandifolia, Ge-
niostoma sessile, Premna serratifolia, Cyrtandra todaiensis,
Guettarda speciosa, Badusa palauensis, Psychotria hombroni-
ana, Ixora casei, and Tarenna sambucina, with such lianas as
Alyxia palauensis, Cayratia trifolia, Trichosanthes hosokawae,

Derris trifoliate, Canavalia cathartica, Caesalpinia crista,
and others. The endemic palm Gulubia palauensis was once
a conspicuous component of this forest. Epiphtyes, es-
pecially ferns, are found in the Marianas and Palau, with
Asplenium nidus, Phymatosorus spp., Davallia solida, and
Nephrolepis acutifolia common.

Dugdug is usually not found on bluffs and seaward slopes.
Much of the primary forest of the Marianas was cleared
for agriculture, disturbed by war activities in the 1940s, or
damaged by typhoons, and it has been replaced by sec-
ondary scrub vegetation or forest. Scrub vegetation in-
cludes Leucaena leucocephala, Morinda citrifolia, Carica
papaya, Triphasia trifolia, and Casuarina equisetifolia. Trees
of Macaranga spp., Pipturus argenteus, Hibiscus tiliaceus,
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Commersonia bartramia, Casuarina equisetifolia,
Ambroma  augusta, Pithecellobium  dulce, and
Pandanus spp. form dense thickets with under-
story shrubs such as Triphasia, Morinda, and
Melochia.

Species commonly associated as aborig-
inal introductions

Dugdug is an aboriginal introduction in Mi-
cronesia and is cultivated around homes and
in villages, especially on the coral atolls. On
the atolls it is associated with coconut, taro
(Cyn‘osperma chamissonis and Colocasia esculenta),
banana (Musa spp.), edible pandanus (Pandanus
tectorius, screwpine), sugarcane, arrowroot (7zc-
ca leontopetaloides), Guettarda speciosa, beach hi-
biscus (Hibiscus tiliaceus), Cordia subcordata, and
Indian mulberry (Morinda citrifolia, noni). It is
often grown with papaya (Carica papaya), citrus,
and soursop (Annona muricata), all of which are
modern introductions.

ENVIRONMENTAL
PREFERENCES AND
TOLERANCES

Breadfruit canopy and vegetation zoatio on Alei slet, Puluwat Atoll,
Chuuk, FSM. Photo taken from the lighthouse shows the 10 m (33 ft) high

canopy of dugdug. Coconuts and more salt-resistant vegetation are found
toward the coast. PHOTO: H. MANNER

Climate

Dugdug requires a tropical climate and will not grow where

the temperature goes below 5°C (41°F). Its latitudinal lim-
its are approximately 10° S and 20° N in the Pacific, but this

is due to its distribution by islanders, not by environmental

factors. It should do well wherever breadfruit (4. a/zilis) is

grown.

Elevation range

o-150 m (0—490 ft)
Mean annual rainfall

1300—3800 mm (50-150 in), but it can yield regularly on
atolls that receive 1000 mm (40 in)

Rainfall pattern

Prefers climates with summer rains

Dry season duration (consecutive months with <40
mm [1.6 in] rainfall)

"Two months, based on mean rainfall from Eniwetok: 23—27
mm (0.9-1.T in)
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Mean annual temperature
26—28°C (79-82°F)

Mean maximum temperature of hottest month
29—31°C (84-88°F)

Mean minimum temperature of coldest month
16-18°C (61-64°F)

Minimum temperature tolerated
5-10°C (41—50°F)

Soils

This species is adapted to limestone ridges and outcrops
and shallow calcareous soils. It thrives in volcanic soil but
good drainage is essential. Hybrid varieties are well adapt-
ed to shallow sandy soils of coral atolls and should do well
in coastal areas throughout the tropics.

Soil texture

It prefers light, well drained soils (sands, sandy loams,
loams)



Soil drainage

It requires freely draining soils.

Soil acidity

Alkaline to neutral soils (pH >6.1—7.4)

Special soil tolerances

It tolerates saline soils as well as coralline soils
and atolls (e.g., Histic Anthropics, Inceptisols,
Psamments).

Tolerances

Drought

The tree can withstand drought for a few
months but will prematurely drop fruits.

Full sun
It does best in full sun.

Shade
Seedlings prefer 20—50% shade.

Fire
Dugdug can sprout back from the roots after a

small fire, but the trunk and branches are not
fire tolerant.

Frost

It is damaged by frost, which causes it to lose
all fruits and leaves, and some branch dieback
will occur.

Waterlogging

It cannot tolerate waterlogged soils.

Dugdug tree at Pagat, Guam in April 2003 regenerating from typhoon

"J‘u""" e

damage that took place in December 2002. PHOTO: H. MANNER

Salt spray
It can tolerate salt spray for brief periods.

Wind
Trees are shallow-rooted and may topple during typhoon-

intensity winds but will produce new shoots and branches
after sustaining wind damage.

GROWTH AND DEVELOPMENT

Growth rate

'This species is fast growing in favorable conditions, grow-
ing 0.5-1.5 m (1.5—5 ft) per year and to a diameter of up to 1
m (3.3 ft) for the first to-12 years. Small branches often die
back at the tip after fruiting, but new shoots and branches

continue to develop throughout the life of the tree.

Flowering and fruiting
Bearing is seasonal, with a peak during July through Sep-

tember throughout its range. Trees begin producing in ap-
proximately 5 years.

Yields

Little information is available for yields. An estimated
100 or more fruits per year are produced with an average

weight of 500 g (1.1 1b).

Rooting habit

'The roots spread and grow on or slightly below the surface.
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'The tree develops extensive buttresses when mature.

Reaction to competition

As evidenced by its widespread distribution in the lime-
stone forest, this species is able to withstand competition
from other forest trees.

Diseases and pests

It has few serious diseases or pests other than some dam-
age by termites. Tree decline and dieback has been a prob-
lem throughout the atolls. No pathological cause has been
identified. It is considered to be the result of storm damage,
drought, aging of the trees, and salinity. Proper husbandry,
such as removing dead and dying branches and mulching,
are essential to maintaining its health and vigor.

PROPAGATION
Dugdug is easily propagated by seed. The trees do not pro-

duce root shoots and cannot be grown from root cuttings.
Seeds are collected and grown, and occasionally seedlings
will be gathered from beneath fruiting trees and trans-
planted to the desired location. Varieties that are seed-
less hybrids with A. altilis are vegetatively propagated by
root shoots, root cuttings, or air-layering (see propaga-
tion methods for breadfruit). Seeded hybrids are typically
grown from seed, although few-seeded forms occasionally
produce root shoots and can also be air-layered.

Propagation by seeds

The seeds germinate quickly and will often sprout inside
fallen fruits. Collect seeds from soft, ripe fruits and wash
to remove all pulp. Select firm, shiny, uniform seeds that do
not yield to the touch when squeezed. Discard any sprout-
ed or aborted seeds. The latter are typically misshapen, flat,
and contain little or no endosperm. Clean seed surface in
a 2% bleach solution for 5-10 minutes or treat with a fun-
gicide according to the manufacturer’s recommendation.
Plant immediately, as seeds are recalcitrant and cannot
be dried or chilled. Germination rates are high, close to
100%.

Place seeds in seedling flats in a loose, well drained me-
dium. Plant at a depth twice the width of the seed. Keep
moist but not wet. Seeds germinate within 10-14 days.
Transplant into 4-8 liter (1—2 gal) pots once the true leaves
have hardened. If adding fertilizer (such as balanced 8-8-8),
use only sparingly, at a rate of less than half the manu-
facturer’s recommendations. Keep plants in partial shade
and weed-free. Seedlings grow quickly, reaching 1 m in ap-
proximately 6 months, and are ready to plant into the field
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in less than a year. Seedlings can also be gathered from
beneath trees and transplanted into the nursery. Care must
be taken when digging the seedling from the ground, be-
cause it is easy to damage or break the delicate roots and
injure or kill the seedling.

Establishment in the nursery

Young plants prefer partial shade. If plants are to be plant-
ed in full sun, gradually move to full sun conditions in the
nursery for 1—2 months to harden them to the site condi-
tions. Young plants should never be allowed to dry out or
be exposed to strong wind.

i G --a..-":‘ T I M

Young dugdug seedlings always have entire leaves (without
lobes). PHOTO: D. RAGONE

Outplanting

Outplant when the plants have reached the desired size
of approximately 1.25 m tall and 2 cm in stem diameter.
The leaves have a large surface area and therefore lose a
great deal of water to the air. It is best to reduce the size
of the leaves to reduce transpiration. Carefully remove 1/2
to 2/3 of the lower leaves by trimming the blade and leav-
ing only a small section attached to the petiole. Do not
remove or damage the growing point of the plant where
new leaves develop. Protect from wind and excessive heat
during transport. Dig a hole the same depth and twice as
wide as the container. Add a small amount of slow-release
fertilizer such as 8-8-8 to the bottom of the hole and cover
with soil. To prevent injury to the brittle root system, care-
fully cut off the container rather than pulling the plant out.
Place the tree in the hole, add soil no higher than the level
of the plant in the pot, top-dress with compost, and water



well.

Young plants grow best in partial shade. It is best to plant
at the onset of the rainy season, but if the weather is dry,
irrigate for the first -3 months of establishment. Once es-
tablished, breadfruit trees can withstand a dry season of
3—4 months, although it prefers moist conditions. Mulch-
ing young plants is beneficial by helping keep the soil
moist and adding a steady supply of nutrients. It also helps
control weeds around the root system. Use of herbicide to
control weeds around the base of the tree can damage the
tree if it comes in contact with the surface roots or young
trunk. Young trees need to be protected from cattle, goats,
horses, and pigs, which will eat the bark and tender shoots.
Close to 100% success rate can be expected.

DISADVANTAGES

Compared to most varieties of breadfruit, this species pro-
duces small, seeded fruits and is not as suited as a backyard
tree because of its large size and extensive buttress roots.

Potential for invasiveness

'This species has little potential for invasiveness because the
seeds quickly lose viability and are not readily spread except
by flying foxes. Since populations of flying foxes are seri-
ously declining in many parts of the Pacific, there is little
chance that this species will become invasive. In fact, the
decline of flying fox populations has been accompanied by
a decline in this species throughout its native habitat.

Susceptibility to pests/pathogens

The plant is relatively trouble-free, with disease and pest
problems localized. It does not appear to be as susceptible
as breadfruit to fruit rots caused by Phyrtophthora, Colle-
totrichum (anthracnose), and Rhizopus. Phellinus noxius, a
root rot, can be a problem, spreading through root contact,
especially when trees are planted in areas of native forest
that have been recently cleared. It may also be attacked by
termites.

Host to crop pests/pathogens

Fruit flies are attracted to ripe fruits on the trees and
ground and infest many fruit and vegetable crops.

Other disadvantages or design considerations

'The surface roots can interfere with other plants. The soft
wood is relatively weak. Canoes built of dugdug are often
kept in shaded situations to prevent damage.

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Mulch/organic matter

The leaves of this evergreen species provide abundant
mulch for the tree and other plants growing beneath the
canopy.

Soil stabilization

Dugdug naturally occurs on steep ridges, cliffs, and shal-
low calcareous soils.

Crop shade/overstory

Can be interplanted with a wide range of crops and plants
such as yam, banana, medicinal plants, aroids, ginger, noni,
etc.

Homegardens

Dugdug is ideal for homegardens on atolls because of its
adaptability to calcareous soils and saline conditions and
especially for the beneficial shade it produces. On deep,
tertile soils, the trees grow too large for homegardens.

Animal fodder

All parts—flesh, peel, core, and seeds—of both mature and
ripe fruits are edible and are fed to pigs and other livestock.

The leaves also are edible.
Native animal/bird food

Breadfruit is an important food source for flying foxes, na-
tive doves, and other birds in the Pacific islands.

Host plant trellising

The tree can be used as a trellis for yam (Dioscorea spp.).

Bee forage

Honeybees visit male inflorescences and collect pollen and
also collect latex that oozes from the fruit surface.

Ornamental

It is an attractive, stately evergreen tree with a rounded
canopy.

USES AND PRODUCTS
Staple food

'The nutritious fruits are consumed when mature or ripe
and are typically roasted or baked. Ripe fruits can be eaten
raw but are usually cooked. On Kapingamarangi and in
the Marshall Islands fruits were commonly preserved by
spreading mashed fruits into thin sheets and sun-drying
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to make a “fruit leather.”

Nut/seed

'The seeds are high in protein, low in fat, and a good source
of vitamins and minerals. They are cooked in the fruits and
eaten, especially on atolls. Cooked sprouted seeds are a
delicacy on some atolls.

Medicinal

All parts are used medicinally, especially the latex, leaf tips,
and inner bark. The latex is massaged into the skin to treat
broken bones and sprains and is plastered on the spine to
relieve sciatica. It is commonly used to treat skin ailments
and fungus diseases such as “thrush,” which is also treated
with crushed leaves. Diluted latex is taken internally to
treat diarrhea, stomachaches, and dysentery. The sap from
the crushed petioles (leaf stalks) is used to treat ear in-
fections or sore eyes. The root is astringent and used as a
purgative; when macerated, it is used as a poultice for skin
ailments. The bark is also used to treat headaches in several
locations.

Timber
The light-weight, flexible wood is easy to work.

Fuelwood

'The wood is fast burning, but generally older, less produc-
tive trees are used for this purpose.

Craft wood/tools

The wood is easy to work and carve into statues, bowls,
fishing floats, and other objects.

Canoe/boat/raft making

The light-weight timber is used to make small canoes.

Fiber/weaving/clothing

The inner bark was once used to make bark cloth (tapa).

Rope/cordage/string

The inner bast was traditionally used to make a strong

cordage used for fishing.
Wrapping/parcelization

'The flexible leaves are used to wrap foods for cooking in
earth ovens, and as plates.

Resin/gum/glue/latex

The sticky white latex is used as a chewing gum and an
adhesive. It is still used to caulk canoes.
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THE MAGIC BREADFRUIT TREE

Milad, the granddaughter of Latmikaik, lived on the
islet of Ngibtal oft Babeldaob Island, Palau. A magic
breadfruit tree grew on her land. It had a hollow trunk
that reached down into the lagoon, and once in a while
a large wave would force a large fish up through the
trunk and out of a broken branch. People became jeal-
ous and cut down the tree. The ocean poured through
the cut trunk and flooded the island, which then sank
beneath the sea. The sunken island can still be seen
to this day. This legend is a popular motif for Palauan
storyboards.

Toxin/insecticide/fish poison

Dried male flowers can be burned to repel mosquitoes and
other flying insects.

COMMERCIAL PRODUCTS

Dugdug is a natural component of the forests of Palau and
the Mariana Islands and is grown as a subsistence crop in
Micronesia. It is not as widely used as breadfruit or seed-
less hybrid varieties due to the small, lumpy fruits with
large seeds. It has no commercial use and limited potential.
Hybrid seedless varieties receive the same treatment and
recommendations as breadfruit (4. altilis).

INTERPLANTING/FARM
APPLICATIONS

Trees provide shade, mulch, and a beneficial microclimate.
It is generally planted as part of a homegarden or mixed
agroforestry system with a wide array of useful plants.
Widely spaced trees in an orchard can be interplanted with
small fruit trees such as citrus and a leguminous cover crop.
Short-term fruit crops such as pineapple, banana, and pa-
paya, or field and vegetable crops including taro, tomato,
and eggplant can also be grown between breadfruit trees.
A leguminous cover crop should replace these intercrops
when they begin to interfere with orchard operations.

Example system

Location

Federated States of Micronesia (Pohnpei)

Description

Hybrid varieties of breadfruit are typically grown with
yam (Dioscorea spp.). The yam vines climb trellises of Hi-
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Detail of a Palauan storyboard depicting the legend of the “Magic Breadfruit Tree.” PHOTO: D. RAGONE

biscus tiliaceus, grow into the canopy of the tree during the
non-fruiting period, and are dormant when the fruits are
harvested. This allows the fruits to be picked without dam-
aging the yam vines.

PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Extension offices for agroforestry and forestry in the Pa-
cific: http://www.traditionaltree.org/extension.html.

GERMPLASM RESOURCES
The National Tropical Botanical Garden can provide se-

lected varieties from an extensive breadfruit germplasm
collection.

The USDA Clonal Germplasm Repository, Waiakea,

Hawai‘i, can provide selected breadfruit varieties.

INTERNET

'The Breadfruit Institute: <http://www.breadfruit.org>.
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Acacia koa (koa) and Acacia koaia (koai‘a)
Fabaceae (legume family)

koa (Acacia koa)
koai‘a, koai‘e (Acacia koaia)

Craig R. Elevitch, Kim M. Wilkinson, and J. B. Friday

IN BRIEF '
Distribution Endemic to the major Hawai-
ian islands of Hawai‘i, Moloka‘i, Maui, Lana',

O‘ahu, and Kaua‘i.

Size Typically attains heights of 15-25 m (5080
ft) with a canopy spread of 6-12 m (20—4o0 ft).
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Habitat Native to a wide elevation range of
100—2300 m (3307500 ft) (recommended for
planting only above 610 m [2000 ft]), with an-
nual rainfall of 850—5000 mm (34—200 in).

Vegetation Associated with dozens of other
native species.

Soils Requires well drained soils. Koa stands
on shallow soils are not as productive as those
on deep soils and may be short-lived.

Growth rate Can grow faster than 1.5 m (5 ft)
per year in height for the first 5 years in favor-
able environments.

Main agroforestryuses Wildlife habitat,silvo-

pastoral systems, ornamental.
Main products Timber.

Yields Projected yields of go—180 m3/ha (6.5—
13 mbf/acre) may be possible in pure stands in
30—50 years; much less in open-grown stands in
pastures or in mixed stands in natural forests.

Intercropping Difficult to integrate with an-
nual crops due to koa’s aggressive surface root
system that competes with crops, while also
susceptible to damage by human, animal, and
machine traffic.

i ".‘F :E' L ". T L .;II:_.

Large koa trees such as this in South Kona, Hawai'i,
| have mostly disappeared due to logging and land clearing.

Invasive potential Poses a small risk of being &
invasive if introduced outside of Hawai‘i.
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INTRODUCTION

Acacia koa, known worldwide as koa, is the largest native
tree of the Hawaiian Islands. It can reach heights in excess
of 35 m (115 ft), although more commonly trees reach about
15 m (50 ft) in height at maturity. Koa is very important to
the ecology, economy, and culture of Hawai‘i. Koa trees in
natural ecosystems provide habitat for many birds, insects,
and plants, some endangered. As a nitrogen-fixing species,
koa plays an important role in forest fertility. A key tra-
ditional use of koa logs by early Hawaiians was to build
canoes. The resurgence of interest in Hawaiian voyaging
and racing vessels using traditional materials has led to a
greater public awareness of the scarcity of trees suitable for
“canoe koa” and the importance of renewing this depleted
resource.

Commercially, koa is Hawai‘i’s premier timber, and cur-
rently one of the most expensive woods in the world. It
is utilized for furniture, veneer, and crafts. Most commer-
cial koa is harvested from remnant individuals or stands in
pasture land. Efforts in the private and public sectors are
being made to re-establish koa, either through fostering
natural regeneration (through the removal of livestock and
occasionally scarifying the ground to expose buried koa
seeds), or by planting seedlings. There are many unknowns
regarding the cultivation and management of koa for com-
mercial timber. Private landholders sometimes choose to
plant koa for the ecosystem and heritage value, while rec-
ognizing that as a financial investment the outcome of koa
reforestation is highly uncertain.

Koa trees once thrived in areas as low as go m (300 ft)
in elevation. However, pests and diseases currently limit
koa’s optimal range to elevations above 610 m (2000 ft).
Hawai‘i’s highly variable climate means that matching an
appropriate seed source to the site conditions is
important to foster a viable koa planting. Koa
is a large, fast-growing tree with an aggressive
root system. As such, its uses for interplanting
with crops are limited. It is recommended that
crops be planted no closer than 1o-12 m (33—40
ft) to mature trees. However, many kinds of
herbaceous plants can thrive in the dappled
shade cast by koa.

The proliferation of this species is desirable
within Hawai‘i. However, as a fast-growing ni-
trogen-fixing tree with long-lived seeds and the
ability to regenerate after fire, koa may have po-
tential as a problematic invasive species outside
its native range.

DISTRIBUTION

Native range

Koa is endemic to all major Hawaiian Islands (Hawai‘i,
Moloka‘i, Maui, Lina‘i, O‘ahu, Kaua‘), at too—2300 m
(300—7500 ft) elevation.

Current distribution

Scattered remnants of koa forests are still found on the
main Hawaiian Islands, mostly in upland areas. The health-
iest and largest populations grow at elevations of goo—1800
m (2950—5900 ft). New plantings are taking place in agri-
cultural and former pasture areas, primarily above 610 m
(2000 ft).

BOTANICAL DESCRIPTION

Preferred scientific name

Acacia koa Gray

Family
Fabaceae (legume family)

Subfamily

Mimosoideae

Non-preferred scientific names

Acacia hawaiiensis (Rock) Degener & I. Degener

A. heterophylla Willd. var. latifolia Benth.

A. kauaiensis Hillebr.

Acacia koaia is a closely related species previously classified
as a subspecies of 4. koa (Wagner et al. 1999)
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Current remnant areas of koa (after Whitesell 1990).
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Common names
koa (worldwide)

GENERAL DESCRIPTION

Size

Koa can grow to over 35 m (115 ft) in height but more com-
monly reaches heights of 15-25 m (50-80 ft) with a canopy
spread of 6-12 m (20—40 ft). Some populations are much
smaller, with a shrub-like form.

Form

'The form of trees is highly variable, ranging from an upright,
single trunk to low and sprawling with multiple trunks.

Flowers

Pale yellow, borne in axillary racemes with spherical heads
about 8.5 mm (0.33 in) in diameter. Flowering peaks in mid
to late winter. Flowers are produced throughout the year,
starting when the tree is 2—3 years of age.

Leaves

Young seedlings have bipinnately compound true leaves

with 12—24 pairs of leaflets. Mature trees have no true leaves,
but only sickle-shaped phyllodes (flattened leaf stalks) 7—25

cm (2.8-10 in) long and 0.5—2.5 cm (0.2—1 in) wide.

Seeds

Seeds are contained within a pod (legume) 1520 cm (68
in) long, containing 6-12 seeds.

Rooting habit

Koa has an extensive, shallow, and lateral-spreading root
system that can often be seen on the soil surface, just under
the leaf mulch. Roots can sucker, particularly when they
are damaged or the tree experiences stress.

How to distinguish from similar species/look-

alikes
Sickle-shaped phyllodes (“leaves”) at maturity distinguish

it from “haole koa” (Leucaena leucocephala); larger stature,
larger phyllodes, and paler yellow and larger flowers dis-
tinguish it from Formosan koa (Acacia confusa); longer
sickle-shaped phyllodes distinguish it from Australian
blackwood (Acacia melanoxylon), which is also usually a
much straighter-stemmed tree; and its much larger stat-
ure and larger phyllodes distinguish it from its close rela-

Left [scale: % size]: Young koa trees have true leaves (on left). At about 6—9 months of age, trees begin producing flattened,
elongated leaf stems called phyllodes (on right) instead of true leaves. Right: Flowering branch tip. protos: c. ELEVITCH
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X -
equently when a tree is

Root suckering (on left) occurs fr

tive koai‘a (Acacia koaia). The rare koai‘a is a shorter tree
with a bushy, often gnarled habit, primarily of drier areas
of Kaua'i, Moloka‘i, Lana‘i, Maui, and Hawai‘i (see koai‘a
section below).

GENETICS
Variability of species

Koa is a highly variable species in tree form, wood quality,
and environmental tolerances. Populations on the island of
Hawaii tend to be larger trees with broad (2.5 cm [1 in])
phyllodes and long, straight boles, whereas populations on
other islands tend to be shorter trees with narrower and
more curved phyllodes. Wood colors vary from blonde to
red to deep brown, sometimes showing curl or fiddleback.
Growth rates, leaf shape, and bole form have been shown
to be highly heritable (Sun 1996). Different populations
also vary in water use efficiency, environmental tolerances,
and resistance to disease (Daehler et al. 1999, Ares et al.
2000, Shi 2003). Although there are no completed studies
on wood quality, anecdotal evidence suggests that popula-
tions in some areas tend to have better quality wood than
populations in other areas and that wood quality, especially
curl, is inherited.

Known varieties

Distinct varieties of koa occur on Hawai'‘i island (4. %oa
var. latifolia) and on Kaua'‘i (4. koa var. kauaiensis) (Wagner

4 Acacia koa (koa)

severely stressed
(on right) or when surface roots are damaged. pHoTo: c. ELEVITCH

et al. 1999). Acacia koa var. koa occurs on all the
main islands. Koa trees with characteristics in
between Acacia koa and A. koaia (koai‘a) occur
on Kaua‘i (Wagner et al. 1999). Isozyme studies
have shown differences between Hawai'i island
populations of koa and the populations of the
other Hawaiian islands (Conkle 1996).

ASSOCIATED PLANT SPECIES

Koa is the second most important and wide-
spread tree in Hawaiian forests after ‘6hi‘a lehua
(Metrosideros polymorpha). While koa may oc-
casionally occur in pure stands, usually the spe-
cies is found in mixed forests where ‘Ghi‘a lehua
predominates. On mesic sites, the koa canopy
may also be shared with a‘e (Sapindus saponaria)
and naio (Myoporum sandwicense). A wide vari-
ety of native understory trees are found in koa
forests, including naio, ‘Olapa (Cheirodendron
trigynum), kawa‘u (Ilex anomala), kolea (Myr-
sine lessertiana), kopiko (Psychotria spp.), ‘iliahi
(Santalum spp., sandalwood), olopua (Nestegis
sandwicensis), and pilo (Coprosma spp.). In wetter sites, tree
terns (Cibotium spp.) may be prominent in the understory,
while other species of ferns such as palapalai (Microlepia
strigosa) and Dryopteris wallichiana cover the ground. The
native Hawaiian raspberry or ‘dkala (Rubus hawaiensis)
and the shrub mamaki (Pipturus albidus) are also common
in the understory of koa forests. At higher elevations the
forest gradually becomes dominated by mamane (Sophora
chrysophylla) (Mueller-Dombois and Fosberg 1998). Today,
many koa forests consist of scattered old trees in rangelands
dominated by kikuyu grass (Pennisetum clandestinum).
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‘Ohi‘a lehua, the most common native Hawaiian tree, is al-
most always found growing with koa. proTo: . ELEVITCH



Koa forests are invaded by many non-native or alien spe-
cies. On the wet sides of the islands at lower elevations,
strawberry guava (Psidium cattleianum) is the worst invader.
Christmas berry (Schinus terebinthifolius) invades dry-side
forests. Various species of raspberries (Rubus spp.) pose
problems in montane forests. The climbing vine banana
poka (Passiflora tarminiana, syn. P mollissima) posed a se-
vere threat to the koa forests until a few years ago when a
successful biocontrol was established (Trujillo et al. 2001).
In many koa forests, a dense carpet of the alien meadow
ricegrass (Ehrharta stipoides) prevents regeneration of na-
tive species.

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Environmental tolerances of koa vary by population. Such
variation is one reason that seedlings used in reforestation
should come from seeds collected from sites near or similar
to the planting site. An inherent advantage of relying on
natural regeneration is that the genetic stock will already
be adapted to the planting site.

Climate

Elevation range

1002300 m (330—7500 ft). Recommended for planting
only above 610 m (2000 ft).

Mean annual rainfall

850—5000 mm (34—200 in)

Rainfall pattern

Koa tolerates a wide range of rainfall patterns
including summer, winter, and uniform.

Dry season duration (consecutive months
with <40 mm [1.6 in] rainfall)

o—5 months
Mean annual temperature

9—21°C (48—70°F)

Mean maximum temperature of hottest
month

14—26°C (57—79°F)

Mean minimum temperature of coldest
month

After an overnight frost, young seedlings- may be

Minimum temperature tolerated

—4°C (25°F). Koa seedlings may be killed by frost (Scow-
croft and Jeffrey 1999).

Soils

Soil texture

Koa prefers loams, sandy clay loams, clays, clay loams, and
sandy clays. Koa forests naturally occur on both light, ash-
derived soils and on highly weathered clays on the older
islands. Organic soils on lava rock (Tropofolists) are com-
mon in many koa regions.

Soil drainage

Koa must have freely draining soils.

Soil acidity
Acid to neutral soils are acceptable, pH 4.0—7.4.

Special soil tolerances

Koa can grow well in infertile soils. However, it does not
tolerate shallow or saline soils.

Tolerances

Drought

Koa can tolerate drought for 3—5 months, depending on

killed by overly rapid

2-16°C (36-61°F) thawing caused by direct sunlight. Here sun screens are placed to shield
seedlings from early morning sunlight, giving seedlings time to slowly

warm up. Hakalau National Wildlife Refuge, Hawai'‘i. proTO: c. ELEVITCH
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Pink nodules on the root system of a koa seedling, indicating
active nitrogen fixation. PHOTO: . B. FRIDAY

soil, competition from weeds, relative humidity, winds, and
other factors.

Full sun

Koa is a pioneer species that thrives in full sun.

Shade

Intolerant of shade, the tree grows well only in the sun.

Fire
Koa can re-sprout from the base or roots after fire, but the
above-ground parts are not resistant to fire.

Frost

Modest frosts are tolerated by mature trees but can kill
young seedlings.

Wind
Although koa can survive steady winds, it will have poor

form and slow growth and is therefore not considered
highly wind tolerant.

Abilities
Fix nitrogen
Koa is a nitrogen-fixing legume and when successfully in-

oculated with the appropriate rhizobia bacteria at an early
age can grow rapidly without nitrogen fertilizers.

Regenerate rapidly

It establishes quickly in open, favorable environments.

Self-prune

Grown close together, koa readily sheds its lower branches.
Pruning is not recommended.

6  Acacia koa (koa)

GROWTH AND DEVELOPMENT

Growth rate

Koa is a fast-growing tree. In favorable environments, koa
can grow faster than 1.5 m/yr (5 ft/yr) in height for the
first 5 years or so. Growth slows thereafter. Stem diameter
growth rates depend on stand density (how many trees per
hectare or acre). Open-grown trees in fields or pastures
may increase up to 3 cm (1.2 in) in stem diameter per year
for 10 years on sites with deep soil and adequate rainfall,
and well managed plantation trees average 1.7-2.4 cm/yr
(0.7—0.9 in/yr) on good sites with enough water and deep
soil. Outstanding plantation trees have reached diameters
of over 40 cm (16 in) and heights of 15 m (50 ft) in 12 years
(Shi 2003). Dominant forest trees may grow 1.7 cm (0.7 in)
in diameter per year for up to 25 years, and average trees
in a healthy stand on a good site may grow from 0.7 to 1
cm (0.3-0.4 in) in diameter per year. In poor environments
with shallow soils, low rainfall, or high elevations above
1525 m (5000 ft), average diameter growth is more typically
0.3—0.5 cm/yr (o.1-0.2 in/yr). In dense, unthinned stands
or in stands that thin themselves naturally but only slowly,
diameter growth all but ceases.

Flowering and fruiting

Flowering occurs year-round in many areas and is strongly
seasonal in other areas. Flowering occurs most heav-
ily from January to March, with seed ripening in August,
September, and October, and may start in trees as young
as 3 years old.

Reaction to competition

Young seedlings are intolerant of grass competition. Dense
grass may also limit natural regeneration. Competition
among koa trees in a dense stand is a limiting factor for
older saplings (Grace 1995). In very dense stands, most
individual trees are hardly growing at all, although a few
may be able to emerge from the canopy and overtop their
peers.

Diseases, pests, and predators

'The major pests affecting koa are fungi (Fusarium spp., es-
pecially F oxysporum and F solani, and Calonectria spp.)
and twig borers (Xylosandrus compactus and Xyloborus spp.).
Twig borers damage branches and may kill young seed-
lings. Livestock readily consume small seedlings and can
also quickly cause catastrophic damage to young trees by
eating the leaves, stripping the bark, and trampling the ex-
tensive surface root systems. Seed predators include seed
weevils (Araecerus levipennis and Stator spp.) and the koa
seedworm (Cryptophlebia illepida) (Stein 1983). The koa
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right: Mistletoe (Korthalsella spp.). PHOTO: J. B. FRIDAY

moth (Scotorythra paludicola) may cause defoliation and in
some cases may kill trees outright (Stein and Scowcroft
1985). Rusts (Endoraecium spp. and Atelocauda spp.) are
common on phyllodes but are usually not serious problems.
Koa is sometimes infected with Armillaria root rot fungi
or mistletoes (Korthalsella spp.); older trees are attacked by
a number of wood-rotting fungi (Gardner 1996). Banana
poka (Passiflora tarminiana), a vigorous climbing vine, has
overgrown and suppressed stands of koa, particularly on
the islands of Hawai‘l and Kaua'i, but the recent introduc-
tion of biological control agents seems to have lessened the
impact of the weed (Trujillo et al. 2001).

PROPAGATION

'The only propagation method currently in wide use is from
seed. Success of vegetative propagation methods such as

Top left and right: Damage caused by twig borer. proTos: c. sLevitcn Bott
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om left: Rust on phyllodes. proTo: s. NELson Bottom

air-layers, rooted cuttings, and tissue culture has been lim-
ited (Skolmen 1986a, Skolmen and Mapes 1978, Shi 2003).
Growing koa seedlings is very similar to many other ni-
trogen-fixing tree species, requiring pregermination treat-
ment to break through the hard, impermeable seed coat,
inoculation with an appropriate rhizobia bacteria, and spe-
cial nutrient requirements. Koa is susceptible to root-knot
nematodes, especially when grown in grassy areas at low
elevations.

Propagation by seed

Seed collection

Koa trees are highly variable in size, form, and site per-
formance. Hawai?’s many microclimates mean that local
populations are often best adapted to the particular site
conditions. For this reason, a quality seed source should be

Species Profiles for Pacific Island Agroforestry (www.traditionaltree.org) 7
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found from a similar environment as close to the planting
site as possible. When no natural stands of koa are found
nearby, seeds should be collected from areas with similar
environments (rainfall, drought period length, pest pop-
ulations, soil conditions, etc.). Seeds should be collected
from straight, healthy, fast-growing individuals, as both
form and vigor are strongly inherited (Sun 1996, Sun et
al. 1996, Shi 2003). If seedlings are purchased, the buyer
should make sure the nursery grower took care in seed col-
lection. It is simplest to collect seeds from short, branchy
trees, but doing this ensures that the seedlings will also be
short and branchy rather than tall and straight.

For areas without natural koa populations, growers should
select seed from known superior populations or prov-
enances, being careful not to introduce diseases (see box
on koa wilt.) Koa seed collected from superior trees has
been shown to grow up to three times as fast as koa seed
collected from slow-growing trees (Sun et al. 1996). Re-
search is still underway to select koa strains that are both
fast-growing and disease resistant.

Koa seed pods contain 6-12 seeds. Pods are ready to pick
when their color has turned from green to brown or black,
and when the seeds inside are dark brown and filled out
rather than green, flat, or small. Seeds can also be collected
from the ground, although it would be prudent to surface
sterilize (e.g., with a weak bleach solution) such seeds if
collected in areas prone to koa wilt. Koa can bear seed any
time of year, although for some populations seed availabil-
ity is highly seasonal. The heaviest period for seed matura-
tion is usually August-September.

Left: Breaking seed coat dormancy through scarification is important to ensure fast and uniform germination; the nicking

Seed processing

Pods are dried in the sun until they can be opened eas-
ily. Seeds are extracted by hand or by machine threshing.
Once extracted from the pods, seeds may be dried more if
necessary (ideal moisture content for storage is 6-8%). Koa
seed size is highly variable, a kilogram of seed contain-
ing 5500-16,500 seeds (2500—7500 seeds/Ib). Dried seeds
should be stored in an airtight container away from di-
rect sunlight. Properly dried seeds can store at least 12—24
months at room temperature, many years longer in cooler
conditions. Germination is usually 70% or higher, but can
be lower depending on weather conditions during ripen-

ing.
Pre-planting seed treatments

Koa seeds have a hard seed coat that is normally impene-
trable to water. To hasten germination, the hard outer layer
of the seed needs to be broken (“scarified”) to allow water
to contact the germ so the seed can sprout.

Two common methods are used to scarify koa seeds:

1. Mechanical scarification involves nicking the seedcoat
on an edge away from the point of attachment to the
pod. Nail clippers work best, although a knife, file, or
even sandpaper may also be used for this purpose. The
nick should be shallow, just deep enough to allow wa-
ter to penetrate. Manual scarification is labor intensive,
but very reliable once the technique is learned.

2. Hot water treatment can be used for large seed lots.
Near-boiling water (9o°C, 195°F) is poured over the
seeds in a volume ratio of at least five parts water to
one part seed. Seeds are then soaked in the hot water

L m .-' LY
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method is shown here. Right: Seedlings that were not inoculated with rhizobia (on left) were pale and less vigorous than their
same-age, inoculated counterparts (on right). PHOTOS: €. ELEVITCH
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COMMON PLANTING PITFALLS AND REMEDIES

Overwatering and overfertilization
cause stress which often exhibits
itself as yellowing of the leaves. De-
creasing irrigation and eliminating
nitrogen fertilizer can reverse the
problem.

Weed whacking the bark at the base
of the tree can ruin the tree in a
fraction of a second. It’s best to con-
trol weeds only by hand cutting and
mulching near the tree.

Piling mulch against the trunk can
cause rotting. Leave a few inches
breathing room.

Planting a seedling too deep will
cause the part of the stem that is
underground to rot, and the tree
will effectively be girdled. Seedlings
should be planted with the top of
the planting medium even with the
soil surface.

Without adequate soil contact,
newly planted seedlings can be se-
verely set back or die of water stress

within a few days of planting. When

planting seedlings, especially those
grown in forestry tubes, the soil
should be firmed right up against

the seedling’s root system.

Failure to inoculate seedlings with
rhizobia bacteria in the nursery will
result in trees that are not vigorous.
Trees should be inoculated in the
nursery within 4 weeks of germina-
tion.

Root-bound seedlings that have
become stunted in their containers
will never return to being vigor-
ous, healthy trees. Seedlings should
always be planted when they are
ready, and seedlings that are root-

bound discarded.

Growing in lawns stresses young
koa and koai‘a trees. Grass competes
with the trees for water and nutri-
ents, and trees are likely to be in-
jured when cutting the lawn. Grass
should be kept away from trees, ide-
ally at a radius equal to the height

of the tree or more, although many

kinds of herbaceous plants can be
grown underneath koa.

* Windy or shady conditions are not

conducive to rapid growth. Trees
should be protected from wind and
given full sun most of the day.

Grazing animals such as cattle,
goats, sheep, and pigs can ruin a
field of young seedlings in a mat-
ter of minutes or hours. These ani-
mals should be kept away from koa
seedlings for the first few years, and
preferably for the life of the trees.
Horses have been grazed success-
tully under koa in some instances
but have destroyed plantations in
other situations. Pigs do not usu-
ally browse seedlings but will uproot
new plantings and rub against seed-
lings, damaging the bark.

* When planting dense stands of koa,

failure to thin out trees on time will
cause growth to stagnate. Stands
should be thinned at the first sign of

loss of vigor.

for 1—3 minutes, followed immediately by a cooling in
tepid water. The hot water weakens the seed coat, al-
lowing water to penetrate.

Whichever of these methods is used, it is best to start with
a small trial to make sure the seeds germinate and are not
harmed. To start the germination process and to test if scar-
ification was successful, scarified seeds should be soaked in
cool water overnight to allow water to be absorbed into
the seed before planting. Scarified seeds swell with water,
while seeds that remain unscarified will not take on water.
Healthy, successfully scarified seeds germinate in 2—7 days.

Growing area

Koa is relatively easy to grow in the nursery. In most envi-
ronments of Hawai‘i, koa seedlings can be grown outdoors
in an uncovered growing area and no special greenhouse
area is needed. If available, some cover (greenhouse or tem-
porary cover) is ideal for the first 2 weeks after germination
to protect sprouts from hard rains and seed-eating birds.
Rodents also eat koa seeds and should be excluded from
the nursery area. Root-training forestry containers are best

for koa. Tubes or open-ended suspended pots available
from forestry suppliers are usually used. These containers
have ribbing on the inside walls to train the roots to grow
straight down without spiraling or wrapping around each
other. Containers can be filled with any kind of commer-
cial well drained potting media. Potting media should also
be inoculated with mycorrhizal fungi, available from com-
mercial suppliers and garden centers.

Seedling establishment phase

Seeds are planted into forestry containers that have been
pre-filled with media. Shallowly cover the seed with pot-
ting media, followed by a thin mulch layer, such as finely
sifted black cinder or #2 poultry grit (available from feed
stores and farm supply centers). Seeds should be buried
about as deep as they are wide, and no deeper. Water with
a fine-headed sprayer to keep the medium moist. Full sun
is best. Daily watering is usually necessary, by hand or with
an automated system.

Scarified seeds will germinate in 2—7 days. After 1—2 weeks
of growth, seedlings should be inoculated with rhizobia

Species Profiles for Pacific Island Agroforestry (www.traditionaltree.org) 9
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Damage with a power weed cutter happens in an instant and
seedlings usually never recover. PHOTO: C. ELEVITCH

bacteria selected for this species (available from commer-
cial suppliers or from nodules collected from the roots of
healthy forest trees). Strains of rhizobia selected by re-
searchers are best for optimum nodulation and nitrogen
fixation.

Active growth phase

As the seedlings develop, they should be watered as needed
and never allowed to dry out. Watering in the morning
is typical for nurseries that grow koa. Hot, dry days may
necessitate a second watering in the early afternoon. Late
afternoon and evening watering is not recommended, as
it can lead to disease problems such as sooty mold. After
about 6 weeks, seedlings should be double-spaced in their
trays to ensure that each seedling receives full sunlight and
to facilitate strong stem development. Depending on seed
lot, about 10% of the seedlings will be stunted or poorly
formed, and these should be culled. The remaining seed-
lings should be monitored for pests, but predators are gen-
erally not problematic once the seedlings are taller than
8 cm (3 in). If any weeds enter the soil-free media, they
should be removed. No fertilizer application is necessary
if seedlings were inoculated with rhizobia bacteria and
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mycorrhizal fungi. No pruning should be done. After 10-16
weeks, seedlings may be hardened for a few weeks by grad-
ually reducing watering frequency to introduce seedlings
to temporary, moderate water stress. The target size ranges
from 1530 cm (612 in), depending on the container size.
When seedlings have reached target size, they may be de-
livered to the planting site.

Plantation establishment

Site preparation is a crucial part of koa establishment. The
area must be fenced to exclude any grazing animals (do-
mesticated or feral), and competitive vegetation should
be removed from around the planting holes. As discussed
above, genetic quality is a crucial aspect of koa growth and
the seed source must be carefully considered and matched
for the outplanting site. Koa planted at low elevations of-
ten succumbs to introduced pests or diseases such as black
twig borer or fungi such as Fusarium spp. For areas with a
pronounced dry season, outplanting is typically scheduled
at the onset of the rainy season. For areas that receive suf-
ficient rainfall throughout the year, the spring (March or
April) is an optimal time for outplanting.

At planting time, seedlings should be carefully removed
from their containers and planted at the correct depth,
with the ground even with the root collar. Soil should be
firmed around the tree. Watering for the first few weeks
after planting may be necessary if rainfall is insufficient. If
possible, a weed barrier/mulch around the tree (kept sev-
eral inches from the trunk) can aid in koa establishment.
Koa is a hardy pioneer species, and survival is usually over
90% after outplanting on well prepared sites.

Spacing

Spacing for koa timber production is a much-debated topic,
and no firm guidelines have been established. Mature, pure
stands in plantations might support 100 trees/ha (40 trees/
acre, equivalent to 10 x 10 m [33 x 33 ft] spacing). Planta-
tions should be initially planted at a much denser spacing
of 2x30r3x3m (6.6 x 10 or 10 x 10 ft) to promote upright
form and self-pruning of lower branches. Drawbacks to
denser plantations are that they require earlier thinnings
to maintain rapid tree growth and require a greater ini-
tial investment in seedlings. Mixed plantings of koa and
slower-growing native trees such as ‘hi‘a lehua and naio
may promote self-pruning in the koa while avoiding the
need for early thinnings.

Management objectives

Koa may be managed simultaneously for timber and wild-
life habitat, watershed protection, and native forest resto-
ration. Understory plantings with economically valuable



KOA WILT

Koa wilt is a common, fatal disease of
koa and koai‘a that is of major concern
to growers. Leaves in the upper crown
on affected trees rapidly wilt, turn
yellow, and die while still on the tree.
Occasionally only one branch will
be affected, while at other times the
entire tree will show symptoms. Sap-
wood of infected branches and roots
usually shows a characteristic dark
staining, and the roots may be killed.
'The tree’s bark may develop cankers as
the disease progresses. Defoliation of
the crown progresses downward until
the entire tree is killed, and small trees
may succumb to the disease in as little
as a few weeks. Koa wilt has been as-
sociated with infection of the vascular
tungus Fusarium oxysporum f. sp. koae
(Gardner 1980), although other spe-
cies of Fusarium may also play a role.
Infection by the fungus spreads up-
ward from the roots and blocks con-
ducting vessels in the branches and
trunks of the trees, leading to canopy
loss and death.

o
T
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Planted stands at elevations below
760m (2500 ft) are the most fre-
quently affected, although koa wilt
has been observed as high as 1650 m
(5400 ft) (Anderson et al. 2002). Trees
less than 15 years old are most often af-
fected. Symptoms of the disease often
become more severe after a period of
environmental stress, such as drought.
In some planted low elevation stands,
90% of the trees have died. The disease
is found on Hawai‘i, Maui, O‘ahu, and
Kaua'i.

The koa wilt fungus is probably a re-
cent introduction to Hawai in the
past few decades, and the future effects
of the disease are difficult to predict.
Field control of the disease with fun-
gicides would probably be impractical.
Some families of koa have shown less
susceptibility to the disease than oth-
ers, and research is underway to select
resistant varieties for planting in dis-
ease-prone areas (J. Brewbaker, pers.
comm.). Current recommendations
for the grower are to avoid planting
seed or seedlings from infected areas,

1

as the fungus is seed-borne and soil-
borne. Use of seed from select trees
from nearby, natural stands of koa is
probably the best way to avoid the dis-
ease. Seedlings should be raised in soil-
less media, and soil from infected areas
should not be brought to the planting
site. Shoes, tires, and tools should be
well cleaned after leaving an infected
area to remove any infected soil. Tools
such as saws and machetes used in
infected stands should be sterilized
before being used elsewhere. Growers
who plant koa in highly disease-prone
areas (lands below 760 m [2500 ft] in
elevation) should be prepared for high
losses. In areas with no local koa pop-
ulations, planting trees from several
different seed sources may increase
the likelihood of finding resistant trees.
The presence of the pathogen will not
necessarily cause disease. However, if
conditions for infection are right and
the pathogen is present, disease may

occur.

Left: Crown of a tree infected with koa wilt, showing leaf yéilowing and loss. pHOTO: 5. NELSON Right: Koa wilt attacking an ex-

perimental plantation and cut stem of an infected tree showing staining of the sapwood and cankers on the bark. pHoTos: J. B.

FRIDAY
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Left: Muriel and Kent igte show trees that

were planted in ¢

ircles of six to eight seedlings. After 5 years there are about 400

trees/acre, and the best trees will be released by thinning out the poorer trees. proto: c. Levitca Right: Koa trees self-prune

when grown in dense stands. pHOTO: J. B. FRIDAY

native plants such as palapalai (Microlepia strigosa, an or-
namental fern used in the hula), maile (Alyxia oliviformis,
a scented vine), mamaki (Pipturus albidus, a native nettle
used to make a medicinal tea), and pepeiao (Auricularia, an
edible fungus) show promise. Koa plantations allow light
to penetrate the canopy and usually support a grass un-
derstory, which may be grazed occasionally by livestock if
care is taken to avoid damage to the trees (see section on
silvopasture, below).

Plantation design considerations

Pests and diseases generally limit commercial koa plantings
to higher elevations (above 600 m, 2000 ft) and mesic to
wet sites. The tree does not do well in extremely wet sites
(>5000 mm [200 in] precipitation) or on shallow or poorly
drained soils. In Hawai‘i, koa performs better on deep ash-
derived soils than on lava soils, and better on ‘ad (rough)
lava soils than soils over pahoehoe (sheet) lava. On mesic
sites koa productivity is tied to water availability. Koa is an
extremely variable species and it is crucial to obtain seed

from superior trees for planting stock. Since populations
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are adapted to local environments, it is best to use locally
obtained seed when available. Young koa plantations need
to be protected from weeds, livestock, fire, and wind. As
koa is a nitrogen-fixer, young koa stands do not respond to
nitrogen fertilization but have in some cases responded to
fertilization with phosphorus. Older koa stands may ben-
efit from complete fertilizers.

Natural regeneration

Koa is both a rapidly growing, light-demanding pioneer
tree that quickly colonizes open sites, and a long-lived tree
that is part of mature forests. Koa naturally regenerates
from buried “seed banks,” seeds that have been buried in
the soil for years or even decades. These germinate when the
soil is exposed to sunlight and warmth, by natural means
such as fire or windthrow of large trees, or artificial means
such as scarifying or scraping the surface soil with a bull-
dozer (Scowcroft and Nelson 1976, Scowcroft and Wood
1976). Seed banks thus exposed will germinate rapidly but
may only produce a single crop of seedlings if the scarifica-
tion exhausts that seed bank. If seedlings regenerated from



a seed bank are destroyed, there are often no
more viable seeds left in the soil. In some cases,
however, seedlings regenerated after a fire have
been destroyed, but subsequent bulldozer scari-
fication has resulted in additional regeneration.
Seed banks may not exist in very old pastures
or may be viable only under the canopy of scat-
tered overstory koa trees. Koa also regenerates
from root sprouts, especially where shallow
roots have been damaged by livestock.

Natural forest management

Naturally regenerated stands of pure koa may
have as many as 20,000 seedlings/ha (8100
seedlings/ac). These grow quickly, and the
young seedlings may close canopy and form a
solid stand in less than 10 years. Growth of in-
dividual trees slows thereafter, as the trees com-
pete for growing space. Such “dog-hair” thick-
ets of koa should be thinned and the best trees

selected and released from competition. Young,
vigorous trees with full crowns respond best to

such release, but even trees as old as 25 years

with some crown loss have grown faster after thinning (P.
Scowcroft, P. Baker, pers. comm.) In order to avoid gen-
erating overly dense stands, some landowners have tried

partial scarification in old pastures, only scraping the soil

in lines or in patches across the landscape. “Row thinning,”
or mechanically clearing lines in dense stands, might also

help to release the remaining trees.

Pure stands of koa that have developed on lava soils in wet
sites at low elevations have sometimes briefly flourished
but then ceased growing altogether and died out after 20
to 25 years.

Mature native forests contain diverse tree species and may
have only a few koa trees per hectare. Koa will not regen-
erate in forest shade or even under its own sparse canopy,
nor is it able to grow up through the canopy of other trees.
Once a koa tree is overtopped by another tree, its growth
ceases. In natural forests with only a few very large koa per
hectare, koa probably depends on large tree-fall gaps to
regenerate. Stands of young koa can be seen growing up
adjacent to large ancient stumps left over from logging or
huge stems that were toppled by storms. Silvicultural sys-
tems for koa forest regeneration can rely on natural regen-
eration through the seed bank, but enough light must reach
the forest floor for young koa trees to grow. Harvesting
systems in dense mixed-species forests where single trees
are selected and cut are likely to result in “high-grading”
or the removal of the koa from the forest rather than the
regeneration of a healthy koa forest. “Group selection” sys-

ol observes koa root sprouts springing up after removal of cattle,
Mauna Loa. pHOTO: J. B. FRIDAY

Travis Id

tems where small patches of forest are cut so that enough
light reaches the forest floor for koa to grow might be a
way to regenerate koa forests without causing large-scale
disturbances, but guidelines for using such systems in koa
forests have not yet been developed. It is not known how
large a gap must be created in order to regenerate healthy
koa. Koa is also susceptible to wounding, and loggers need
to work carefully to avoid injuring future crop trees. Larger
clearcuts will regenerate dense stands of koa, but single-
species, single-age stands that might be susceptible to in-
sects and disease need to be thinned, as described above, if
timber production is desired.

Alien invasive plant species can take over koa forests and
prevent the regeneration of koa. Tropical ash (Fraxinus ub-
dei) in particular thrives in the same environment as koa
and outcompetes the native trees for sunlight (Ares and
Fownes 200r1). Banana poka (Passiflora tarminiana) vines
can smother young koa trees, but the weed is less of a
threat since the introduction of a leaf spot fungus (Trujillo
et al. 2001). At elevations below 1000 m (3300 ft), straw-
berry guava (Psidium cattleianum) completely occupies
the understory of many forests and prevents regeneration.
Strawberry guava also rapidly colonizes any gaps created
by logging. Any sustainable harvesting plan for koa for-
ests must include a plan to deal with the invasive species
that will compete with koa. Loose cattle and sheep browse
young koa seedlings, and most koa logging in Hawai‘i has
historically not resulted in healthy regeneration because
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herbivores have continually eaten the seedlings as they ap-
pear.

Yields

Koa does not yield large volumes of timber per unit area,
but low volumes may be made up for by the high value of
the wood. Rotation ages for koa have been estimated at 30
to 50 years (and up to 8o years for veneer quality timber),
although no one has managed koa stands from regenera-
tion through to harvest, so these estimates of rotation age
may be overly optimistic. It is not known how tree age
or growth rate affects wood quality. Stem diameter incre-
ment may be up 0.7-1 cm (0.3-0.4 in) at first, although
the diameter increment of individual stems slows drasti-
cally once the crowns close and individual trees compete
with one another. In overly dense stands, diameter growth
all but ceases. Dominant trees, those whose canopies are
above their neighbors, may grow more than 1.7 cm (0.7 in)
in diameter per year. Silvicultural treatments, including
thinning, fertilizing, and controlling competing vegetation,
should allow managers to maintain tree growth at high
levels for a longer period. Pure stands on deep ash-derived
or a4 soils with adequate rainfall might yield go—180 m3/
ha (6.5-13 mbf/acre), while stands developed on shallow
pahoehoe soils and in areas with little rainfall would yield
substantially less. Most koa, however, has been and con-
tinues to be harvested from mixed-species native forest or
from large scattered trees in pastures, both of which yield
much less timber per unit area than pure stands.

DISADVANTAGES

Potential for invasiveness

Koa is not generally planted outside its native range. How-
ever, as a fast-growing nitrogen-fixing tree, the potential
for invasiveness outside Hawai‘i may be high. There are a
number of traits that mitigate against its invasive potential.
It would probably not invade intact forests elsewhere in
the tropics because it: 1) is very shade intolerant, 2) has no
known dispersal agent except wind, 3) is not itself tolerant
of fire, 4) is fed on by many vertebrate and invertebrate
herbivores, and s) is susceptible to diseases common to
the tropics (Scowcroft, pers. comm.). It would not survive
in temperate regions due to freezing temperatures or low
rainfall.

Susceptibility to pests/pathogens

Many diseases and pests affect koa, particularly at eleva-
tions below 610 m (2000 ft). In lowland areas where koa
has been planted, there has been up to 80-100% mortal-
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ity due to various pests and pathogens, particularly fungi.
Animals such as horses, cattle, goats, and pigs are also a
very common source of high seedling losses and damage
to trees less than 10 years old.

Host to crop pests/pathogens

Koa hosts black twig borer (Xylosandrus compactus), a pest
that also affects coftee, citrus, cacao, mango, macadamia,
and other crop and timber trees such as mahogany and
eucalyptus species.

Other disadvantages or design considerations

Koa’s aggressive surface root system can compete with
crops and disrupt underground utility lines. Shallow root
systems are also easily damaged by machinery or foot traf-
fic. Koa trees must be given a wide berth, a minimum of
10-12 m (33—39 ft) for mature trees.

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Soil stabilization

Koa establishes quickly on degraded sites and its extensive
root systems aid in soil stabilization.

Crop shade/overstory

Koa casts a light shade that is compatible with many her-
baceous understory plants. However, due to koa’s extensive
surface root system, this tree is preferably planted on bor-
ders of other plantings, where competition and root dam-
age to the koa trees are minimized.

Improved fallow

As a nitrogen-fixing tree, koa is a good candidate for im-

proving fallow land.

Windbreaks

Koa tolerates wind poorly but can be planted as part of a
multi-row windbreak. Because it has a very sparse crown
and is easily deformed by wind, it is recommended that
very wind-tolerant species be planted in rows on either
side of a row of koa.

Silvopasture

Koa leaves are highly palatable to livestock, and browsing
can injure and kill trees. Weaning calves or horses may be
temporarily grazed under koa if there is a good grass crop;
however, the animals must be closely supervised to ensure
they do not damage the koa trees. Mature cows will push
down small koa trees to consume their leaves. If livestock



are left too long in pastures with koa or left in during dry
periods, they may strip the bark from the trees to get at its
moisture. Livestock also easily damage roots of koa, espe-
cially in shallow soils. Horses have proven less damaging to
koa, although some horses relish the taste of koa leaves and
bark. Grazing under koa may help lessen the competition
from the grass for water and nutrients and may lessen the

fuel buildup and the chance of fire.
Animal fodder

Prunings have been used as cut-and-carry fodder for hors-
es, although this might not be advisable because horses
develop a taste for the leaves, twigs, and bark. Horses with
a taste for koa will quickly eradicate any seedlings or sap-
lings in areas to which they have access.

Native animal/bird food

Koa is considered to be an important habitat for insects
that are food for native birds. Native (and exotic) insects
feed on koa flower nectar, flower parts, foliage, cambial tis-
sue, seeds, and probably other tissues as well.

Wildlife habitat

Many native Hawaiian birds depend on koa forests directly
or indirectly for habitat. Large old trees provide important
nest sites. Commonly seen birds include the red ‘apapane
(Himatione sanguinea) and ‘Viwi (Vestiaria coccinea), the
yellow ‘amakihi (Loxaps virens), and the inquisitive ‘elepaio

Koa casts a light shade (23-year-old koa trees at Keauhou
Ranch, Ka‘a, Hawai‘i). pHoTO: 3. B. FRIDAY
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(Chasiempis sandwichensis). The endangered
‘akiapola‘au (Hemignathus munroi), a species of
honeycreeper, eats insects found in the bark and
rotting wood of koa trees and is found in both
young and old koa stands. Koa forests are also
the home of the endangered Hawai‘i ‘akepa
(Loxaps coccinea) and the Hawai'i creeper (Or-
eomystis mana). In 1985, the Hakalau Forest Na-
tional Wildlife Refuge was established on the
slopes of Mauna Kea on the island of Hawai‘
primarily to protect habitat for native forest
birds. The refuge has been reforesting former
cattle pasture since then and has planted hun-
dreds of thousands of koa seedlings.

Bee forage

Koa flowers provide pollen and nectar for bees.

Ornamental

Koa makes a spectacular ornamental, although
there are pest and disease concerns below 610 m
(2000 ft).

USES AND PRODUCTS
Medicinal

The leaves and ashes have been used medicinally
by Hawaiians (Krauss 1993).

Timber

Koa is an extremely important timber tree in
Hawai‘i. For more information, see the “Wood

quality” sidebar.

Fuelwood

Formerly, before its timber value was recog-
nized and supplies became scarce, koa was used
as firewood.

Craft wood/tools

Ancient Hawaiians used koa for calabashes (‘umeke la‘au),
canoe paddles, spears, and surfboards (Krauss 1993, Abbott
1992). Koa was not the preferred wood for calabashes to
be used for food because it imparted a bitter taste. Today,
koa wood is the basis of a flourishing crafts industry in
Hawai‘i.

Canoe/boat/raft

Koa was traditionally used for canoes (wa‘a), from one-per-
son fishing canoes to the huge voyaging canoes that could
sail between islands and across vast expanses of ocean. In
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Modern day koa racing canoe (outriger detached on right) named
Lanakila Mau O Ka Lékahi. proTo: 5. B. FRIDAY

ancient times, the cutting of a forest giant with stone tools
to make a canoe was an undertaking of several days for
many men, involving many ceremonies and prayers. When
a log was felled, it is said that the men watched for a sign
from the ‘elepaio bird. If the bird landed on the log and
pecked at it, the log would be abandoned. Today, large “ca-
noe koa” have all but disappeared. A single koa log large
enough for a traditional Hawaiian voyaging canoe should
be 10-14 m (35—45 ft) long and 120 cm (48 in) in diam-
eter along the entire length of the log. Shorter logs may
be spliced together to make larger canoes. Smaller logs of
75—90 c¢m (2.5—3 ft) in diameter are used for racing or fish-
ing canoes. Canoe carving is a living tradition in Hawai‘i



and koa canoes are still used in races, especially on the is-
land of Hawai'‘i.

Tannin/dye

Tannin from koa bark has been used to make a red dye for

kapa cloth (traditional bark cloth) (Krauss 1993).

Ceremonial/religious importance

The name “koa” also means “warrior” in Hawaiian and the
tree is very important in Hawaiian culture.

URBAN AND COMMUNITY
FORESTRY

A treasured Hawaiian tree, koa can be grown in home and
public landscapes with large open spaces. At lower eleva-
tions, or sites with limited space, koa’s close relative koai‘a
is often a more suitable alternative.
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Left: Damage to surface roots and trunk causes undue stress. Right: In the right conditions, and with proper care, koa trees can

Size in an urban environment

In a landscape koa generally grows to 615 m (20—50 ft) in
height. When grown in the open, the canopy spread is of-
ten wide, about half the height of the tree. In other words,
a large open area is required. For small areas, koai‘a is an
excellent alternative, with its more compact form.

Rate of growth in a landscape

Koa growth can be very rapid, greater than 3 m (1o ft) in
the first year and more than 1.5 m (5 ft) for the next few
years, considering the following measures are taken.

*  Only healthy, rapidly growing seedlings should be
planted, not root-bound trees whose growth has been
slowed by the container size.

*  Seedlings should have been inoculated with rhizobia
bacteria within 4 weeks of germination.

*  Koa should be planted well away from grassy areas, in-
cluding lawns.

live many years in a landscape, Volcanoes National Park, Hawai'i island. protos: c. ELEVITCH
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*  Grass and weeds should be suppressed within the
seedling’s root zone, preferably by hand-weeding and
mulching.

*  Foot and machine traffic near the tree should be
avoided.

*  Common maintenance pitfalls such as weed whacking
the bark of the tree or spraying herbicide on the leaves
or exposed surface roots should be strictly avoided.

Root system

The surface roots are often partially exposed, especially in
rocky soils. Foot and machine traffic can easily damage the
roots and cause the tree to suffer over the long term. It
is best to plant the trees in marginal areas (slopes, buffer
areas, etc.), where there is no traffic. When the roots are
injured or the tree is cut down, some trees send up suck-
ers from the root system within a wide ring around the
tree. Although the surface roots are unlikely to lift concrete
pathways or other human structures, koa’s intrusive root
system may be damaging to underground utilities.

Products commonly used in a Pacific island

household

Wood is the primary product derived from koa trees. A
mature healthy tree in a landscape can be quite valuable for
its wood if allowed to grow for 30 years or longer.

Light requirements

Although small seedlings can tolerate light shade, best
health and vigor is attained with full sunlight for the life
of the tree.

Water/soil requirements

Koa requires freely draining soils. Standing water or water-
logging is detrimental to tree health. Overwatering should
be avoided.

Expected life span in a homegarden

Since most people in Hawai'i live below the minimum rec-
ommended elevation of 610 m (2000 ft) for koa, homegar-
den plantings of koa are often subject to various pests and
diseases that can greatly shorten their lives. It is common
for koa trees to die at an age of 5—20 years, or even younger
in areas where koa wilt is present. Risks can be minimized
if measures are taken to support tree health (see “Rate of
growth in the landscape” above).

Varieties favored for use in homegardens

Itis best to plant trees grown from seeds that were collected
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HAWAIIAN SAYINGS (PUKUI 1983)

E ola koa.
“Live like a koa tree.”
(Live a long time, like a koa tree in the forest.)

Ka ulu koa i kai o Oneawa.

“The koa grove down at Oneawa.”

(From the legend of Hi‘iaka. Canoes are sometimes
referred to as the koa grove at sea.)

from the nearest natural population. This gives reasonable
assurance that the trees are adapted to the local climate
and soils, while also conserving local native germplasm.

Seasonality of leaf flush, flowering, fruiting

In many areas, koa flushes with new growth nearly year-
round, slowing during dry or cool periods. Flowering takes
places throughout the year in some areas and is strongly
seasonal in others.

AEY s R fig ] .
Transformation of bark from smooth to rough. rroto: c.
ELEVITCH



Exceptional ornamental values

Silver-green foliage distinguishes koa in the landscape. Its
light yellow “puff-ball” flowers (inflorescences) are borne
in sprays that are modestly showy. The bark of young trees
is smooth, and often covered with an attractive bright or-
ange-red lichen (harmless to the tree). At an age of about
8-10 years, the bark becomes fissured, rough, light to dark
brown, and often hosts silvery lichens (also harmless).

Use as living fence, hedge or visual/noise barrier

Koa is not suitable as a living fence, as this would require
attaching fencing to the trunk, which injures the tree and
greatly diminishes any future timber value (due to pieces of
metal potentially left in the wood). Koa does not tolerate
trimming well, which would be required for a hedge.

Birds/wildlife

Koa flowers provide pollen and nectar for various insects,
including bees. In or near native forest, koa hosts numer-
ous native Hawaiian insects and birds.

Maintenance requirements

Mulching with leafy materials such as grass clippings,
hedge trimmings, chipped tree trimmings, etc. is highly
recommended to suppress weeds, conserve soil moisture,
and protect koa’s surface roots. Because of its association
with nitrogen-fixing bacteria, koa does not benefit from
nitrogen fertilizer; however, applying phosphorous fertiliz-
er can be beneficial. Pruning is not recommended, as limb
cuts provide easy access to fungi and borers.

Special considerations regarding leaf, branch, and
fruit drop

The tree can grow tall, so it should not be planted near
overhead utility lines or structures.

Nuisance and hazards

None.

Common pest problems

Common pests include pathogenic fungi and twig borers.
Avoiding overwatering and damage to roots, trunk, and
branches may reduce the risk of attack by pathogenic fungi.
Twig borers tend to attack seasonally, usually during dry
periods, and healthy trees recover. Trees also can recover
from light seasonal damage by whitefly, beetles, thrips,
scale insects, Chinese rose beetle, and mites. Leathoppers
that cause defoliation and stippling of the leaves can be
treated with soapy water.

i P L ' ” F
Cabinet of curly koa by Marian Yasuda. proTo: 1. Lum

Other comments about this species in urban envi-
ronments

Because of koa’s particular susceptibility to pests and dis-
eases below 610 m (2000 ft) elevation, it may die prema-
turely. Even though most people in Hawai'i live below its
recommended minimum elevation, koa’s fast growth and
beauty make it well worth growing in landscapes. The
benefits of growing this highly valued Hawaiian tree far
outweigh the risks, even if the tree only lives a few years
in a particular location. Most people in Hawai‘i never see
koa trees, and even young koa trees planted in local com-
munities and urban settings give people an opportunity to
become familiar with one of the most important trees of
the Hawaiian forest.
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WOOD QUALITY
(by C. Barton Potter)

Koa wood variability

Koa is Hawai‘i’s premier timber tree. From area to area
and tree to tree, koa wood varies mechanically in density,
specific gravity, drying and machining qualities, and many
other characteristics. Koa is not a particularly dense wood,
with specific gravity averaging o.55 for wood air-dried to
12% moisture content and a density of 609 kg/ms3 (38 Ib/ft)
(Skolmen 1974). Visually, the wood is strikingly variable
across a spectrum of color and figure. A strong correlation
exists between economic value and visual attractiveness.

A native Hawaiian timber

Koa wood is revered and valued as much for its strong as-
sociation with its native Hawai‘i as for its appearance. Koa’s
status as the largest and second most common native tree
has ensured its use by people in a wide number of applica-
tions. However, many decades of land management favor-
ing agriculture and livestock, exacerbated by the success of
numerous competitive alien species, has displaced koa and
hindered it from naturally regenerating in much of its na-
tive range. While logging has contributed to diminishing
koa populations, the state of koa resources today is primarily
due to the lack of regeneration. High-quality logs have be-
come scarce on the market, which has elevated the value of
the wood and put practical limits on wood applications. The
best logs are being directed to high-yield, high-return appli-
cations such as veneers, high-end furniture, and musical in-
struments. Makers of products that consume large volumes
of wood, such as solid koa furniture or canoes, are finding
it increasingly challenging to locate affordable koa wood. A
market thrives for craft items made from small-dimension

wood such as branches, stumps, and cutofts.

Chatoyance

Koa wood is generally known for its red to brown color and
for its light-refractive characteristics, known as chatoyance.
This attribute can lend a hologram-like effect to finished
wood surfaces, adding to the visual allure of koa items.

Kiln drying

Because it shrinks nearly equally in radial and tangential di-
rections, koa can be kiln dried more easily than many other
types of wood. Boards with runout (end-grain on the face
of the board), pith defect, rot, and other anomalies can warp,
cup, or twist if drying is too rapid. Best results are always
obtained when a single species is dried at a time, allowing
the kiln schedule to be tailored specifically to the wood be-
ing dried. In other words, koa wood should be dried by itself
in the kiln.

Milling, cutting, and sanding

When green, koa wood cuts readily with sharp saws or chis-
els. This is one reason sawmillers prefer to mill logs green
and bowl turners prefer to turn the wood while it is still
green—both boards and roughed-out bowls are easier to
season properly than whole logs. When dry, koa wood is
not unusually dulling to hand tools, but it does contain tan-
nins that under the tip of all but the sharpest of high speed
tools can cause blackening or burning of the surface being
cut. The tannic exudate can build up just behind the tool tip,
increasing friction and drag, resulting in charring that can
be hard to sand out. The sharper the tool, the less this hap-
pens; therefore, sharpness is a must when cutting with high-
speed tools. The same can be said for sanding: the sandpaper
must be clean and the grit sharp or a charring effect may
occur that is easier to avoid than to remove by sanding a
second time. Koa planes easily, although there can be prob-
lems with tearout of curly grain. Sanding versus planing is
the preferred method of reducing the thickness of a board
that has curly grain.
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COMMERCIAL PRODUCTS

Processing required

Milling is required for production of koa wood products
such as lumber, veneer, molding, or flooring. Because of
the high value of koa wood, small-scale milling in the field
with a portable mill is often feasible and economically vi-
able, although it typically yields a smaller percentage of
usable wood than large, fixed mills.

Markets

Markets exist in Hawai‘i, the mainland United States,
and the Far East. Koa veneer is produced in California
from wood shipped from Hawai‘i. Koa stumpage (the
amount paid to a landowner for the right to harvest trees)
in Hawai‘i was approximately $700-840/m3 ($2500—3000/
mbf) in the late 1990s and early 2000s, up from less than
a tenth of that a decade previously. Finished koa lumber in
Hawai'‘i retails at prices from s4.50 per board foot for yel-
low, straight-grained wood (#2 common) to $65.00 and up

per board foot for finely figured, curly, dark red wood.

Furniture made from koa is the main product of Hawai1’s
$30 million/year forest industry (Yanagida et al. 2004)
Gradual, sustained harvest of koa helps maintain Hawai‘i’s
local furniture and craft industry, while harvesting large
quantities for export has led to rapid boom and bust cy-
cles.

INTERPLANTING/FARM
APPLICATIONS

For many reasons, koa is a difficult tree to in-
tegrate with other crops, livestock, or farm ac-
tivities. However, in certain situations and with
careful planning and management, it can form
a component in a diverse farm system.

Despite massive planting efforts in the 1920s
and 1930s, when over a million koa trees were
planted in the forest reserves (Nelson 1965),
there are few successful koa plantations today.
None have been grown through to harvest, nor
has much natural koa forest been managed for
timber. Interest in koa forest management in-
creased greatly with the skyrocketing of koa
prices in the 1990s, and now many landowners
are again experimenting with plantations and
forest management plans.

Potential drawbacks of interplanting

Koa’s aggressive surface root system is very
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Honokohau koa with understory maintained for brief periods by cattle and
horses. paoTO: C. ELEVITCH

competitive with crops. Trees become large, and must be
afforded plenty of light and space. The area must be fenced
to preclude losses from cattle, sheep, goats, and pigs. Due
to pests and diseases, koa is generally only suitable for areas
with higher elevation than where most crops are grown.

Example system 1

Location

Honokohau, Kona, Hawai‘i (1380-1830 m [4500—6000 ft]).

Description

Downed and sickly trees were harvested for their timber in
a cattle pasture. After the harvest, the cattle were removed,
and koa regenerated prolifically from the buried seed bank,
particularly in areas where the machinery used for harvest
operations disturbed the soil surface.

Yields/benefits

After koa seedlings began growing in thickly, weaning
calves were introduced to thin the dense, regenerating
stands during the first 2 years of establishment. The calves
were carefully monitored by an experienced rancher so
they did not run short of low-growing seedlings and begin
consuming larger seedlings. After several years of growth,
cattle and horses have been allowed into the area for brief
periods to graze the undergrowth.

Spacing

'The initial density of regrown koa seedlings was 1200—5000
trees/ha (500—2000 trees/acre), which will be reduced to a
final density of less than 125 trees/ha (50 trees/acre).

sl 1
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Example system 2

Location

Holualoa, Kona, Hawai‘i (640 m [2100 ft]).

Description

In a newly planted coffee plantation, koa was planted in
marginal areas such as on rocky and steep slopes, and along
boundaries where coffee cultivation was untenable.

Yields/benefits

'The koa is a long-term timber in areas that have marginal
value for crops requiring intensive cultivation.

Spacing
Single rows have a spacing of about 3 m (10 ft) between
trees, with about 9 m (30 ft) spacing from coffee trees.

Example system 3

Location

Keauhou Ranch, Volcano, Hawai‘i (1600 m [5250 ft]).

Description

Degraded forest with remnant large koa was logged, and

residual vegetation was bulldozed to scarify the soil in 1978.
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Grazing animals were kept out, but no other management
was done. Koa regeneration from the buried seed bank was
prolific. After 23 years, a pure koa overstory of basal area 26
m*/ha and 17 m (56 ft) height had developed, with the best
trees reaching 20-30 cm (8-12 in) dbh. Nine other native
tree species had established from seed spread from nearby
native forest.

Spacing

Initial densities of 20,000 seedlings/ha (8100 seedlings/ac)
were observed. Trees naturally thinned to 1000 stems per
ha (400/acre) after 23 years. The target spacing of eventual
crop trees is 10 x 10 m (33 x 33 ft), or 100 trees/ha (40 trees/
acre).



Acacia koaia (koai‘a)

Koai‘a (Acacia koaia) is a close relative of koa that is na-
tive to the islands of Kaua‘i, Moloka‘i, Lana‘i, Maui, and
Hawai‘i. Koai‘a and koa are so closely related that there is
controversy among taxonomists as to whether they are dif-
ferent species. For the purposes of this discussion they are
treated as distinct species. Koai‘a is much more compact
in size than koa, often having a bushy, gnarled, or even
horizontal growth habit. Koai‘a grows well in harsher con-
ditions than koa: dry, windy, and open. The tree’s size and
tolerance for harsher conditions make it more suitable for
most urban environments than koa.

Characteristics

Koai‘a is a small tree, rarely taller than 5 m (16 ft), with a
domed canopy that is usually about as wide as the tree is tall
when grown in the open. The phyllodes (mature “leaves”)
are generally narrower, shorter, and straighter than those
of koa, although there is tremendous variation. The inflo-
rescence is similar to koa, but the seedpods are narrower
with seeds longitudinally arranged instead of transversely
as in koa. Seeds are similar in appearance to koa seeds, al-
though they are considerably smaller than seeds produced
by most koa trees. The wood is harder, denser, and more
finely grained than koa wood.

Propagation
Koai‘a is propagated from seed, using methods identical to
those used for koa.

URBAN AND COMMUNITY
FORESTRY

Koai‘a makes a wonderful addition to urban and public
landscapes, and should be used instead of koa where a
compact tree is needed, or in harsher, drier environments
than are recommended for koa.

Size in an urban environment

In a landscape koai‘a generally grows to 5 m (16 ft) tall. In
the open, the canopy is often wide and domed, often with
a diameter as wide or wider than the tree is tall. Some trees
have a tendency to spread laterally, with a squat form and
horizontal branches.

Rate of growth in a landscape

In an optimal environment koai‘a can grow rapidly for the
first few years. Growth in height of —1.5 m (3.3—5 ft) per
year for the first 2 years is common. After this, growth in
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Top: Remnant koai‘a trees growing in open, dry area, North
Kohala, Hawai‘i. Middle: Koai‘a leaves and flowers. Bottom:
Koa seeds are arranged transversely in the seedpod (above),
while koai‘a seeds are arranged longitudinally (below). This is
one of the identifying traits of koai‘a. pHoTOS: c. ELEVITCH
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height slows down, the canopy broadens, and the stem(s)
increase in diameter. Cautions for proper care of koai‘a in
the landscape are the same as for koa.

Root system

As with koa, koai‘a has a strong lateral root system, which
is often partially exposed on the surface, especially in rocky
soils. Any kind of traffic can injure the roots and stress the
plant. It is best to plant the tree in areas with limited or
no traffic. Herbicide use under the tree should be avoided,
as it could make direct contact with exposed roots and be
taken up by the tree. Instead, mulching or a living ground
cover of herbaceous plants are ideal for use under koai‘a
trees.

Products commonly used in a Pacific island

household

'The wood is much harder than koa and was used by Ha-
waiians for tools, fishhooks, spears, and canoe parts. When
the trees were readily available, they were used for durable
fence posts. Today, the rare wood is used for gun stocks,
knife handles, bowls, and artwork.

Light requirements

Full sun is best for rapid growth and plant vigor. However,
trees that receive light shade during part of the day can
grow well.
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Water/soil requirements

As with koa, koai‘a requires freely draining soils. Standing
water, waterlogging, and over-watering are also detrimen-
tal.

Expected life span in a homegarden

In optimal conditions, koai‘a trees can be expected to grow
many decades. Although koai‘a is more tolerant of harsh
conditions than koa, there have been reports of trees dy-
ing at an age of 10-12 years from unknown causes, and at 4
years due to koa wilt.

Varieties favored for use in homegardens

There are no varieties described. For native plants such
as koai‘a, it is best to use seeds that were collected from
the nearest natural population. This means that residents
of Molokai, Lana‘l, Maui, and Hawai‘i should use seeds
originating from natural stands on their islands.

Seasonality of leaf flush, flowering, fruiting

The tree grows continually except during dry periods.
Koai‘a flowers year-round in many areas, with a peak in
the fall. However, seed set is sporadic. In wetter climates,
seed quality is often very poor, whereas in drier climates

the seed quality can be very high.

Exceptional ornamental values

Koai‘a foliage is somewhat more gray-silver than koa, and
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Left: Twelve—year—old kom a tree grovnng along path at Amy Greenwell Ethnobotanical Garden, Keailakekua, Hawa.l i. Right:

When grown in a lawn, koai‘a and koa become spindly and stressed. pHoTos: c. ELEVITCH
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very attractive in the landscape. Because the
tree is short, the yellow flowers are more vis-
ible that koa’s and can be modestly showy. As
with koa, the tree trunk is often covered with
an attractive and harmless orange lichen. As
the tree ages, a gnarled trunk and network of
branches often becomes exposed through gaps
in the canopy.

Use as living fence, hedge or visual/
noise barrier

With its short size and domed canopy, koai‘a
can be used as a hedge tree. However, there are
two caveats. First, koai‘a trees are highly vari-
able in size, shape, leaf size, and color shade, etc.,
so a uniform hedge cannot be expected. Second,
pruning is not recommended due to the risk of
increasing the plant’s susceptibility to insect or
disease attack. This means that a koai‘a hedge
should not be trimmed to a uniform shape.

Birds/wildlife

Koai‘a flowers provide pollen and nectar for
various insects, including bees.

Maintenance requirements

Maintenance requirements are the same as for
koa.

Special considerations regarding leaf,
branch, and fruit drop

None.

Hazards and nuisance issues

None.

Common pest problems

The pests that affect koai‘a are the same as those
for koa. It is said that koai‘a is less susceptible to
Chinese rose beetle than koa, although it may
be more prone to scale insects and mealybugs.

Other comments about this species in
urban environments

Koai‘a is often a better choice than koa in landscaping due
to its smaller size and tolerance for harsher, drier condi-

P oy S e ..I' o i s
Top: Gnarled framework of old koai‘a tree, Pu‘u o kali, Maui. pHoT0: FOR-
EsT AND KIM sTARR Bottom: Hedge of koai‘a along property boundary, Kai-

lua-Kona, Hawai‘i. pHOTO: C. ELEVITCH

eases, including koa wilt, which may shorten its life con-
siderably. Even so, it is well worth planting this rare tree in
Hawaiian landscapes.

tions. However, as with koa, the tree is susceptible to dis-
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PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Several government agencies offer assistance with forest
establishment and conservation, including the following.

'The Cooperative Extension Service (CES) of the Universi-
ty of Hawai‘i can assist landowners with questions relating
to koa. It has an excellent web site for forestry, including
many valuable publications, forestry news, and an exten-
sive list of forestry links for Hawai‘i.

Extension Forester

College of Tropical Agriculture and Human Resources
University of Hawai‘i at Manoa

Komohana Agricultural Complex

875 Komohana St., Hilo, HI 96720

Tel: 808-959-9155; Fax: 808-959-3101

Web: http://www.ctahr.hawaii.edu/forestry

The Natural Resources Conservation Service (NRCS),
formerly the Soil Conservation Service, provides assis-
tance with conservation practices such as windbreaks and
contour plantings. They also support various cost-share
programs to increase the supply of timber products from
private forest lands and to aid in the establishment of na-
tive species. The NRCS has offices throughout the USA,

including Hawai‘i and the American-affiliated Pacific.

NRCS State Office

P.O. Box 50004

Honolulu, HI 96850-0050

Tel: 808-541-2600

Fax: 808-541-1335 or 541-2652
Web: http://www.hi.nrcs.usda.gov

'The Hawai‘i Forest Industry Association (HFIA) is dedi-
cated to responsible forest management. It offers an annual
woodworking exhibition, sponsors the Hawai?s Wood
trademark, and serves as an advocate for Hawai‘l’s diverse
forest industry—from tree planting and harvesting to cre-
ating and selling wood products.

Hawai‘i Forest Industry Association (HFIA)
P. O. Box 10216

Hilo Hawai‘i 96721

Street address:

162 Kino‘ole Street, #101

Hilo, Hawai‘i 96720-2816

Tel: 808-933-9411; Fax: 808-933-9140

E-mail: info@hawaii-forest.org

Web: http://www.hawaii-forest.org/
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The Forest Stewardship Program is one of many programs
offering financial assistance for landowners who are invest-
ing in forests. PHOTO: C. ELEVITCH

The University of Hawaii College of Tropical Agricul-
ture and Human Resources maintains a Hawai‘i Forestry
Extension Incentive Programs web page entitled, “Gov-
ernment Incentive Programs for Tree-Planting or Forest
Management on Private Lands” at: http://www.ctahr.ha-
waii.edu/forestry/Data/incentives.html
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Araucariaceae, araucaria family

dakua makadre, dakua, takua makadre, makadre, makadri, dakua dina, da‘ua (Fiji); duro (Solomon Islands: Van-
ikolo); hoe, khoe (Vanuatu: Espiritu Santo); kauri (Vanuatu: Bislama); marabete (Solomon Islands: Nendo); nejev
(Vanuatu: Aneiytum); nendu (Vanuatu: Erromango); Pacific kauri (English)

Lex A.]J. Thomson

i
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IN BRIEF

Distribution Humid, lowland, and lower mon- i
tane tropics in the southwestern Pacific. §
Size Tall tree typically to about 30—40 m (100— [

130 ft).

Habitat Lowland subtropical and tropical for-
ests with evenly distributed rainfall of 19o0o—6000 |y
mm (75—236 in); grows in elevations of 5-1150 m %T 3

(16—3770 ft).

different angiosperm and gymnosperm trees; a 2
dominant component of lowland tropical closed &
forests.

Soils Prefers well structured, friable, and freely |
drained soils.

Growth rate In favorable conditions, annu- R
al growth can reach about 1-1.5 m (3.3—5 ft) in [

height and 1.5-2 cm (0.6-0.8 in) in trunk diam-
eter.

Main agroforestry uses Crop shade, silvopas-
ture.
Main products Timber.

Yields Production of merchantable timber is
conservatively estimated to be 2—3 m¥/ha/yr (29— #%
43 ft¥/ac/yr).

e =y
Seven-year-old Pacific "}
4 kauri planted underneath [3
| moribund Cordia alliodora
Invasive potential Not considered to be an M trees at Shark Bay, Santo, [

Intercropping Preferably cultivated with a di-
verse tree/shrub understory.

invasive species. ! Vanuatu.
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INTRODUCTION

Pacific kauri (Agathis macrophylla) is a forest tree species of
major ecological and economic importance in the south-
west Pacific region of Melanesia. It is among the largest
and longest living tree species found in the region, with
individuals reaching up to 40 m (130 ft) in height and 3
m (10 ft) in bole diameter, with an estimated life span of
300-1000 years. The tree occurs naturally in the humid
and mesic lowland and lower montane rainforests in the
Solomon Islands, Vanuatu, and Fiji. Tropical cyclones oc-
cur at periodic intervals in all parts of its range, mainly
during the months of November through March. Its abil-
ity to withstand strong winds is a major attraction for
growing it in cyclone-prone areas. Pacific kauri generally
prefers well drained, basalt-derived clay loams and clays
with a well developed upper humus layer. The species is a
gap opportunist, with seedlings dependent on large gap
openings (more than 2—3 trees) in the canopy for establish-
ment and growth. In mature trees the canopy is emergent
and constitutes a unique structural element in the forests
in which it occurs; i.e., the form/structure of Pacific kauri
cannot be replaced by any other species. Hence it has ma-
jor significance in conservation of the plant communities
in which it is a component.

Its finely grained, pale, easily worked, and uniform timber
is of major commercial importance with various high val-
ue end-uses, including furniture, handicrafts, veneer, boat
building, light construction, and paneling. From a planta-
tion viewpoint, Pacific kauri stands apart from most spe-
cies in the genus because of its ability to grow moderately
fast and establish in open, sunny sites.

Pacific kauri has good potential in several agroforestry
situations, including interplanting in shifting gardens, im-
proved fallows,boundary plantings,upper-storywindbreaks
(where space permits), and woodlots. It also has good po-
tential for rehabilitation of degraded and secondary forests
through line plantings. Its biological characteristics ensure
that it is highly unlikely to become an environmental weed
when planted outside of its native habitats.

'The main factors limiting its wider re-planting are

* high early maintenance costs, with regular weeding
and vine cutting being required during the first 4—5
years, especially in open-grown plantations

* long projected rotation length for timber production,
which is expected to be 40—55 years (i.e., longer than
for mahogany)

* difficulty in obtaining viable seed of the most desired
sources from southern Vanuatu.
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DISTRIBUTION

Native range

Pacific kauri naturally occurs as scattered trees and groves in
lowland subtropical and tropical forests in the Solomon Is-
lands, Vanuatu, and Fiji. It occurs more frequently on ridge
crests. In the Solomon Islands it is found on four islands
in the Santa Cruz group, namely Ndende, Vanikolo, Tevai,
and Utupua. In Vanuatu it is found in the central-eastern
parts of two southern islands, Erromango and Aneityum.
In Fiji, the species occurs on the larger islands of Viti Levu,
Vanua Levu, Taveuni/Qamea, Ovalau, and Kadavu.

Current distribution

'The species is still reasonably abundant throughout its nat-
ural range in the southwestern Pacific. It has been recorded
as being cultivated in Hawai‘i, and it has been planted in
small-scale trials in Sarawak, Malaysia (Fahlman 1975) and
New Zealand (Beveridge 2002).

BOTANICAL DESCRIPTION

Preferred scientific name
Agathis macrophylla (Lindley) Masters

Family

Araucariaceae (araucaria family)

Non-preferred scientific names

A. obtusa (Lindl.) Masters (for southern Vanuatu popula-
tions)

A. vitiensis (Seeman) Benth. & Hook f. ex Drake (for Fijian
populations)

Common names

dakua makadre, dakua, takua makadre, makadre, makadri,
dakua dina, da‘ua (Fiji)

duro (Solomon Islands: Vanikolo)

hoe, khoe (Vanuatu: Espiritu Santo)

kauri (Vanuatu: Bislama)

marabete (Solomon Islands: Nendo)

nejev (Vanuatu: Aneiytum)

nendu (Vanuatu: Erromango)

Pacific kauri (English)

Size
It is a tall tree to about 30—40 m (100-130 ft) height, rarely

attaining 45—55 m (150-180 ft). In Fiji mature trees are typi-
cally 20-33 m (66-110 ft) tall. Bole diameters of older spec-



imens are around 1.2-1.6 m (4—s.2 ft) the Solomon Islands
and up to 3 m (10 ft) in Vanuatu and Fiji.

Form

Tree form varies considerably depending on seed sources
(provenance), age, and habitat. The bole is slightly to
strongly tapering, without buttresses, and in mature
specimens is clear of branches for g—20 m (30-66 ft). In
younger specimens the form of the crown is conical
and monopodial. Eventually the canopy becomes broad
(diameter to 36 m [120 ft]) and deep (to 24 m [8o ft]) and
develops a sympodial form, often asymmetrical and ragged
in outline. Branches may be erect to horizontal and massive.
When trees are between 30 and 50 cm (12—20 in) dbh, the
canopy shape changes from narrow-conical to a spreading
crown with upward spreading branches (Beveridge 1975).

Flowers

The tree a gymnosperm, i.e., it produces its male and fe-
male reproductive structures in cones and not in flowers. It
is monoecious, having separate male and female cones on
the same tree. The first female cones begin to be produced
at about 10 years old. These take 2 years to mature; at the
end of the first year they are egg-shaped, about 5 cm (2 in)
long, and 3 cm (1.2 in) in diameter, and at the end of the
second year they are more or less round and 8-10 cm (3—4
in) in diameter. In Fiji, very young female cones have been
observed in early January.

At maturity, the male cones are cylindrical (20—25 mm
[0.8-1 in] long by 8—12 mm [0.3-0.5 in] diameter) with the
cupule wider than the cone base. They are borne on short
side branches and rather inconspicuous green drying to
light orange-brown. The microsporophylls are taxonomi-
cally important and a useful character for distinguishing
between different Agathis species. In A. macrophylla the
microsporophylls (as seen in the intact cone at anthesis)
are strongly overlapping, .52 mm (0.06—0.08 in) across,
margin thin, entire or irregularly incised, head in adaxial
view 2(—2.5) mm (0.08[—o.1] in) across by 2 mm (0.08 in)
radially, thick center thinning gradually to a narrow mar-
gin, stalk joining near head near abaxial edge. There are 6
to 14 pollen sacs.

Leaves

The leaves are leathery, dark green, and shiny above and
often glaucous below. The leaf blade is simple, entire, el-
liptic to lanceolate, about 7—15 cm (2.7-6 in) long and 2—3.5
cm (0.8-1.4 in) wide, with many close inconspicuous par-
allel veins. The leaves taper to a more or less pointed tip,
rounded at the base, with the margins curved down at the
edge. Petioles are short, from almost sessile up to § mm

Top: Female cone. Bottom: Male cones. proTO: 6TZ-PACIFIC-
GERMAN REGIONAL FORESTRY PROJECT

(0.2 in) long. The leaves are arranged decussately but held
in one plane except on vertical growing tips. Juvenile leaves
developed in shade are considerably longer than those in
the upper canopy. The leaves of Solomon Islands plants
are typically larger and broader than plants from drier and
cooler parts of its range in Fiji.

Fruit

Female flower cones are much larger than male cones,
globular, about 8-13 cm (3—5 in) across, on thick woody
stalks, green, slightly glaucous, turning brownish during
ripening. Each brown, winged seed is attached to a trian-
gular cone scale about 2.5 cm (1 in) across. About half the
seeds are viable, these being located in the central part of
the cone. The bulk of the seed crop has usually matured by
early to mid-February, with later cones maturing in March,
suggesting a maturation period of 12—15 months.

Species Profiles for Pacific Island Agroforestry (www.traditionaltree.org) 3
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Leaves of a seedling. pHoTO: L. THOMSON

Seeds

The seeds are brown, small, ovoid to globose, flattened,
winged (wing about 3.5 cm [1.4 in] long), and attached to
a triangular cone scale about 2.5 cm (1 in) across. Seeds are
released during disintegration of the cone. Wind dispersal
of seed is efficient: dispersal of up to 10 km (6 mi) has been
recorded, and long-distance dispersal of tens to hundreds
of kilometers is likely during cyclones.

Rooting habit

Mature specimens have wide, spreading root systems that
help stabilize soils on ridges and slopes (Beveridge 1975).
Seedlings and young specimens have a vigorous taproot
with one or more whorls of lateral roots. Roots of young
seedlings are infected by the phycomycete Endogone, form-
ing vesicular-arbuscular mycorrhizal associations.

Similar or look-a-like species

Agathis silbae De Laub. (endemic to west coast Santo, Van-
uatu)

Agathis robusta (C. Moore ex F. Muell) FM. Bailey (en-
demic to Australia and Papua New Guinea and planted in
some Pacific islands, especially Tonga)

How to distinguish from similar species/look-a-

likes

'The main defining feature of A. silbae is the male cone:
male strobili are cylindrical, oblong, somewhat broadened
on the upper half, coppery-brown to red-brown, with a pe-
duncle 3.5-4 mm (0.14—0.16 in) long. Pollen cones 3755
by 15-18 mm (1.5—2.2 by 0.6-0.7 in), linear with the upper
expanded part of the microsporophyll 2—2.5 mm (0.08-0.1
in) long and wide, with a 5—6-sided raised boss at the apical
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end. Between the raised area (which crowds against those
of the surrounding microsporophylls on immature cones)
and the pendant pollen sacs is a broad raised area with
a ridge along the centre, narrow where two sides of the
raised area meet at its upper end and lanceolate (starting
as wide as the adjacent side of the raised area) where one of
those sides is located in the centre of the expanded part of
the microsporophyll. Other difterences in flower and fruit
characters of 4. silbae compared with 4. macrophylla include
the longer, more slender penducles on the female cones of
A. silbae, typically 6—9 cm (2.4-3.6 in), compared with 1—2
cm (0.4-0.8 in), and the typically longer male cones of 4.
silbae, about 4—5.5 cm (1.6—2.2 in) long compared with 2—5
cm (0.8—2 in) in 4. macrophylia.

In A. macrophylla the microsporophyll head is more or less
abruptly joined to the stalk, whereas in 4. robusta the head
narrows gradually into the stalk. In 4. macrophylla the male
flower cones (at anthesis) are shorter, about 2—5 cm (0.8—2
in) long compared with 5—10 cm (2—4 in) in A. robusta. The
mature female cones of A. macrophylla are rounded (to 10
cm [4 in] diameter), whereas 4. robusta has ovoid female
cones (to 13 cm [5 in] long).

GENETICS

Variability of species

The populations of Pacific kauri from the Santa Cruz
Group, Vanuatu, and Fiji exhibit considerable morpho-
logical differences in bole form, bark, and foliage, but they
are nevertheless considered to comprise a single species.
Whether the three geographic forms should be recognized
as different subspecies is an open question. Even within
one region, different varieties have been reported. For ex-
ample, on the basis of differences in leaf characters and
stem form, morphologically distinct forms have been rec-
ognized on Erromango and Aneityum in Vanuatu.

Within the species there is considerable variation in oth-
er traits of economic importance, especially self-pruning.
Trees from the Santa Cruz Islands exhibit heavy branch-
ing and poor self-pruning. Southern Vanuatu provenances
(formerly known as A. obtusa) combine moderately fast
growth, especially in more open-grown situations, with
good form and self-pruning and are considered to be
among the most promising seed sources in the Agathis ge-
nus for use in plantation development.

Known varieties

At Anelghowat (Aneityum, Vanuatu), villagers recognize
three variants,



* nejev ahei, the most common type with white bark,
* nejev yang, with yellowish bark and timber, and,

* nejev apeng, with blackish bark and branches.

In Fiji, two different forms have been reported, one taller
with fewer branches known as dakua balavu, and the other,
dakua leka, shorter and more branched.

ASSOCIATED PLANT SPECIES

In the Santa Cruz Islands (Solomon Islands) Pacific kauri
is a dominant component of the lowland tropical closed
forests, occurring as an emergent above a dense unstratified
forest. The species is largely absent from early secondary
forests, where it cannot compete with spreading, fast grow-
ing, secondary forest species. In Vanuatu the species occurs
as scattered individuals or in small groups as an emergent
or upper canopy tree, in various closed forest associations.
In Fiji, it occurs in several forest associations, especially in
moist montane closed forests and lower montane closed
forests in the intermediate rainfall zone.

Associated species of native habitats

Pacific kauri occurs in association with many different an-
giosperm and gymnosperm trees. In the Santa Cruz Is-
lands it grows with Campnosperma brevipetiolata, Fagraea
spp., and Hernandia spp.

Associates in Vanuatu include Cryprocarya turbinata,
Calophyllum neo-ebudicum, Garcinia vitiensis, Hernandia cor-
digera, Ilex vitiensis, Palaquium spp., and Podocarpus spp. In
Fiji some of the common associates are Calophyllum vitiense,
Dacrydium nidulum and D. nausoriense, Endospermum mac-
rophyllum, Fagraea berteroana, Garcinia spp., Gymnostoma
vitiense, Myristica spp., Palaquium hornei, Podocarpus spp.,
Retrophyllum vitiense, and Syzygium spp.

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Climate

The tree occurs naturally in the humid, lowland, and lower
montane tropics. Tropical cyclones occur at periodic in-
tervals in all parts of its range, mainly during the months
of November through March. In the Santa Cruz Islands
(Solomon Islands) Pacific kauri occurs from near sea level
to 600 m (1970 ft). The climate is very wet (4500—6000 mm
[180 in]) with no dry season and warm to hot throughout
the year. In Vanuatu, the species is most frequent on ridges
or steep, often exposed slopes, but also occurs on flat to
undulating terrain. Rainfall on Erromango and Aneityum

is around 2200—2600 mm (87-102 in) per year with a short
dry season from June to October but may reach 4000 mm
(157 in) in wetter parts of Erromango. In Fiji, Pacific kauri
is a component of lowland and lower montane subtropical
rain forest from near sea level to 1150 m (3770 ft), mostly
from 600 to 9oo m (1970—2950 ft) elevation. Temperatures
are warm to hot throughout the year. Annual rainfall is
2100—3600 mm (83142 in) with a weak to pronounced dry
season from June to October.

Elevation range

5—1150 m (16—3770 ft)

Mean annual rainfall

1900—6000 mm (75—236 in)

Rainfall pattern

Pacific kauri prefers climates with summer or uniform
rainfall patterns.

Dry season duration (consecutive months with <40
mm [1.6 in] rainfall)

o—1 months. While there is a distinct dry season of several
months in Fiji and Vanuatu, the average monthly rainfall
in the driest months still exceeds 40 mm (1.6 in).

Mean annual temperature
25—28°C (77-82°F)

Mean maximum temperature of hottest month
29—31°C (84-88°F)

Mean minimum temperature of coldest month
17-23°C (63-73°F)

Minimum temperature tolerated

7°C (45°F) (Nadarivatu, western Viti Levu, Fiji)
Soils

Pacific kauri generally prefers basalt-derived clay loams and
clays with a well developed upper humus layer. It has also
been reported on coral limestone terraces and bordering
mangrove vegetation. Tree growth is poor on compacted
and waterlogged soils, and the species is most commonly
found on well structured, friable, and freely drained soils.

On Ndendo (Santa Cruz Islands) the stands are located on
deep friable clays (Oxisols) derived from basalt, although
the edges of the stands may occur on calcareous sandstones
and siltstones. On Vanikolo trees grow over basalt on a
latosolic soil without appreciable accumulation of humus
and no sign of podsolization. It has been found that the to-
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tal Ca** and Mg** levels are lower in soil samples obtained
from below individuals of Pacific kauri than from samples
obtained below individuals of Calophyllum neo-ebudicum.
Although this data suggest that more extensive leaching of
cations occurs under Pacific kauri, the species does not ap-
pear to promote podsolization to the same extent as some
other species of Agathis.

In Vanuatu the species also generally occurs on clayey soils
with a well developed upper humus layer. On Erromango
the species grows on deeply weathered, well structured
clays (Oxisols) derived from basalt. In Fiji the species oc-
curs on various heavier soil types, including deep, friable,
chocolate-brown clay over basalt, humic Latosols and red-
yellow podzolics.

Soil texture

The tree grows in heavy soils (sandy clays, clay loams, and
clays).

Soil drainage

Freely draining soils are required.

Soil acidity
It grows in acid to neutral soils (pH 4.0—7.4).

Tolerances

Drought

It is likely to be tolerant only of short dry periods (e.g., 35
months) once established.

Full sun

'The tree grows most rapidly in well lit situations, but trees
grown in full sun may have poorer self-pruning of side
branches and heavier lateral branching compared with
those grown under light, even shade (about 25% overhead

shade).

Shade

In lightly shaded situations plants may elongate moderate-
ly fast (sometimes faster than in full sun), but under heavy
shade they grow very slowly (until such time as they are
exposed to stronger sunlight). However, seedlings are able
to endure heavy shade (up to 75%) for many years.

Fire
Fires can kill mature trees; susceptibility to fire damage re-
portedly increases in over-mature specimens.

Frost

Frosts are unknown in its native habitats, and accordingly
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the species is likely to be tolerant only of the mildest frosts
at infrequent intervals.

Waterlogging

The tree is generally intolerant of waterlogging but might
be able to tolerate short periods of waterlogging in lighter,
well aerated soil types.

Salt spray

Pacific kauri occurs in near-coastal situations and is toler-
ant of light salt spray.

Wind
Trees are well adapted to growing in windy locations and
cyclones.

Abilities

Regenerate rapidly

Seed production is sufficient to maintain occasional to
moderately common and reasonably widespread popula-
tions of very slow growing seedlings. When large gaps in
the canopy appear (>2—3 trees), the seedlings are released
and can grow reasonably rapidly to become emergent
trees.

Self-prune
The extent of self-pruning is substantially affected by both

environmental and genetic factors. In the Santa Cruz Is-
lands open-grown trees develop persistent, heavy limbs that
showed no sign of self-pruning during the first 10 years.
However, mature plantations self-prune well, and pruning
is not practiced in the Solomon Islands. Trees from Vanu-
atu exhibit much better self-pruning and branching char-
acteristics than those from the Santa Cruz Islands (Fijian
populations are intermediate).

Coppice

Unknown for 4. macrophylla. Some species of Agathis, in-
cluding 4. borneensis in Malaysia, will coppice when sap-
ling size plants are cut.

GROWTH AND DEVELOPMENT

Pacific kauri is reported to be among the fastest growing
species in the genus (Bowen and Whitmore 1980a). How-
ever, annual diameter increment is variable and affected by
several factors. The major factor appears to be the degree
of exposure of the tree canopy to sunlight. The species is
exceptionally long-lived with an estimated life span of
300—I000 years.



Growth rate

In open and lightly shaded areas, with good weed control,
the mean annual increment is about 1-1.5 m (3.3—5 ft) in
height and 1.5-2 cm (0.6—0.8 in) in trunk diameter (Mar-
ten 1970, Neil 1990). Trees in undisturbed, native forest
grow very slowly, e.g., 2.5-3.7 mm (0.1-0.15 in) per year and
take more than 200 years to reach a dbh of 75 cm (30 in)

(Ash 1985).

Reaction to competition

Pacific kauri is very tolerant of shading, but growth rates
are greatly reduced at higher levels of shading. It is reason-
ably tolerant of root competition, but seedlings/ saplings
should be kept free of competition from grasses.

PROPAGATION

The species is readily grown from freshly collected seed,
and this is the recommended propagation method. Plants
can also be propagated vegetatively using both main stem
and lateral cuttings from 12-month-old seedlings. Lateral
cuttings tend to retain a plagiotropic growth habit and
should not be used for planting stock for timber planta-
tion purposes.

Propagation by seed

Seed collection

Heavy cone crops are produced on older trees with mas-
sive, spreading crowns, although the larvae of Agathiphaga
moths can cause major seed damage and loss (see “Pests
and diseases”). The recommended collection technique is
climbing (using appropriate safety equipment, ropes, har-
nesses, and spikes) into the upper canopy and using long-
handled hooks to break off mature cones. Seed is most
abundant in the early months of the year: February—April
(Santa Cruz Islands), February—March and June (Vanuatu),
and January—March (Fjji). Collection of recently matured
cones will result in greater seed viability and longevity, but
it is difficult to assess when the cone is fully mature, and it
shatters shortly afterward.

Propagule processing

Precautions have to be taken in seed collection, extraction,
and handling to avoid damage due to lethal combinations
of temperature or moisture content. Cones should be air
dried in an open location, and seed should be extracted as
soon as possible after collection to minimize fungal dam-
age and/or germination in the cone. On average about half
the seeds are viable; these are located in the central part of
the cone. However, there is a very large variation in num-

bers of viable seeds per cone, from a few up to about 100.
Freshly collected seed has about 5000—6000 viable seeds/

kg (22702730 seeds/1b).

Seed storage

Pacific kauri may be classed as intermediate in its seed stor-
age characteristics. Its seeds are very sensitive to a range of
conditions including drying, chilling damage, and carbon
dioxide/oxygen balance. Seed storage life is affected by
complex relationships among moisture content, tempera-
ture, and drying rate. For long-term storage, seed should
be dried to around 9-13% moisture content and kept as
cold as possible, preferably at —13°C (1r°F). Drying below
7% moisture content reduces viability.

Pre-planting treatments

In order to avoid reduction in viability during storage, it
is recommended that dewinged seeds be sown immedi-
ately following collection and processing. No pretreatment
is required, and fresh, undamaged seeds germinate rapidly,
commencing within 2—7 days (at 26°C [79°F]) and com-
pleted by 14 days.

Growing area

It is recommended that plants be germinated under shelter
with about 50% shade.

Germination

Sow seeds into potting medium in germination trays. The
seeds are sown in a vertical position with wing end up and
just covered by sand or potting mix. Seedlings are trans-
planted into individual pots at the two-leaf or cotyledon
stage.

Media

A standard potting medium with good draining properties
is reccommended. For introduction into areas outside of its
natural range, it is likely to be advantageous to inoculate
seedlings with appropriate mycorrhizal fungi.

Time to outplanting

Seedlings reach a plantable size after about 6-12 months
in the nursery.

Approximate size

Seedlings are suitable for field planting when they have
reached 25—30 c¢cm (1012 in) in height. However, larger
seedlings grown in larger, deeper pots may be desirable in
order to reduce the period of high-maintenance weeding
following outplanting. If necessary, seedlings may be safely
held in the nursery for a considerable period, e.g., up to 2
years, by transferring them into more shaded conditions.
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Guidelines for outplanting

Survival is expected to be very high (>95%) for larger
seedlings that are planted into reasonably sunny sites and
weeded at regular intervals, on an as-needed basis, dur-
ing the first 4—5 years. It is important to cut away and cut
down fast-growing climbers such as Merremia peltata and
mile-a-minute (Mikania micrantha). These can quickly
weigh down, bend over, and damage younger kauri plants.
For grassy/weedy sites, pre-planting spraying of site with
glyphosate herbicide is recommended.

DISADVANTAGES

'The main disadvantage is the high early maintenance cost,
with regular weeding being required during the first 4—5
years, especially in open-grown plantations. Pacific kauri
should not be planted in areas with heavy infestations of
weedy climbers.

‘There may also be difficulties in obtaining planting stock,
due to problems of collecting, maintaining, and/or procur-
ing viable seed.

Potential for invasiveness

'The biological characteristics of the species ensure that it
has a low weediness risk.

Diseases and pests

The species has low susceptibility to termite attack and
beetle larvae, but old trees are sometimes aftected by these
insect pests. Pink disease, caused by Corticum salmonicolor,
and root fungi may be lethal to the plant but are usually re-
stricted to waterlogged sites. Other pests and diseases in-
clude foliage blight (Cylindrocladium macrosporum), necrot-
ic bark, leaf gall, canker, hollow butt, and Phellinus noxius.
Plantations in the western Solomon Islands (outside the
species’ natural range) have been affected by a coreid bug
(Amblypelta cocophaga). The most serious recorded pests are
larvae of the primitive moth Agathiphaga vitiense. Attack
by these caterpillar larvae may greatly reduce the amount
of viable seed produced, with up to 95% of seed in a cone
being destroyed. Plants may suffer from dieback especially
when grown on soils of poor structure.

Host to crop pests/pathogens

Unknown.

Other disadvantages or design considerations

The nursery period is of a long duration for a tropical tree
species, increasing the cost of seedling propagation and
risk of seedling death from water stress.
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In open-grown situations, trees of Santa Cruz Islands and
Fiji origin showed no sign of self-pruning during the first
10 years and exhibited a tendency to form several leading
shoots.

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Soil stabilization

It is not suitable for situations where rapid soil protection
and binding is needed, but it may be very useful for longer-
term stabilization of less stable soil profiles.

Crop shade/overstory

The tree is mainly suitable as a long-term or permanent
overstory tree for more shade-tolerant understory crops;
however, wide-spaced plantings of less dense forms of Pa-
cific kauri (such as from Fiji) may provide light shade for a
wider variety of crops.

Alley cropping

It is not well suited to alley cropping in permanent
agroforestry systems due to its eventual large stature and
spread. It could be included in alleys in shifting gardens
(which are then left to revert back to forest.

Homegardens

'The tree is usually not appropriate for homegardens due to
its large size, but it could be included as a “landmark” tree
(with high stability during cyclones). Because of its tradi-
tional and commercial importance, as well as its long life
span and increasing rarity, the plant is ideal for planting in
village and schoolyards.

Improved fallows

It could be planted in shifting garden situations, but long
rotations mitigate against its use for this purpose.

Boundary markers

In certain situations it is suited as boundary marker, due to
size and longevity, but it may shade neighboring crops.

Windbreaks

Where space permits, Pacific kauri is an excellent upper
story in a mixed-species windbreak (including faster grow-
ing species).

Silvopasture

Pacific kauri is well suited to inclusion as a tree component
in silvopastoral systems, being long-lived and providing

high shade for cattle.



Woodlot

It is suited only to woodlot plantings in which early finan-
cial returns are not required.

Wildlife habitat

It is a very useful wildlife habitat tree, especially for birds,
and provides a unique structural element in SW Pacific
forest ecosystems.

Ornamental

One of the most impressive trees in the Pacific islands, it
deserves to be more widely planted in large public spaces,
including along roads and as a landmark tree.

USES AND PRODUCTS

Pacific kauri is of great importance to local people through-
out its natural range in Melanesia. In a survey of 18 villages
on the major islands in the Fiji Group, 41 of 42 respondent
groups named the species as an important timber tree. Tra-
ditional uses for the tree are similar in different parts of its
range. The timber is utilized for house and other construc-
tion, furniture, canoe making, and carving, while its resin
is used for glazing pots, canoe caulk, lighting fire, glue, and
in torches. The smoke of the resin is also used as a dye for
hair and tattoos and to paint native clothes black. In some
areas Pacific kauri may also have spiritual significance. For
example, in Fiji it is the totem tree of several family clans,
villages, and districts.

Pacific kauri is a highly valued commercial timber species,
often generating much needed cash income for local com-
munities through logging royalties.

Medicinal

'The young leaves and bark of the related 4. si/bae are used
in traditional medicines on Santo, Vanuatu (Siwatibau et

al. 1998).
Timber

The wood is an important commercial timber with many
end-uses, both for local and export markets (see “Com-
mercial products”). It produces a finely textured, straight
grained, pale, and uniform timber that is easily worked and
glued and has excellent physical, mechanical, working, and
veneering properties. The timber is valued for handicrafts,
furniture, veneer, boat building, light construction, and
paneling. It is not suitable for use in ground contact, as
its natural durability class is rated as 3 or 4 (depending on
source), indicating a service life in ground contact of about
5—10 years. The timber is amenable to preservative treat-
ment, but its high value would normally preclude its use

for general construction purposes. The species is currently
being commercially exploited in Fiji, mainly on the large
islands of Vanua Levu and Viti Levu. The species is pro-
tected on Erromango, Vanuatu, in a Kauri Reserve: it is ex-
pected that this measure will generate ecotourism revenue
for local communities. The species is not currently logged
in Santa Cruz Islands, and exports of logs are prohibited.

Fuelwood

The wood can be used as fuel, but is better suited to other
purposes.

Craft wood/tools

'The wood is traditionally used for carving in Vanuatu.

Canoe/boat/raft making

'The wood has traditionally been used for making canoes
in Vanuatu; the whole trunk is used, carved out to make
canoe.

Resin/gum/glue/latex

Manila copal produced from the living inner bark was an
important component of many varnishes (Chaplin 1993)
and is still used mixed with synthetics. Commercial export
of the resin was formerly practiced in Fiji but was prohib-
ited in 1941, as no method could be found for tapping an
economic yield of gum without endangering the life of the
tree. In Vanuatu Agazhis resin is traditionally used as canoe
caulk, and the resin soot was used for tattoos. In Fiji the
resin was formerly used for glazing pots.

Tannin/dye

Smoke residues of the burnt resin were traditionally used
as a dye for hair.

Illumination/torches

Resin from the inner bark was traditionally used for light-
ing and torches in Fiji and Vanuatu.

Ceremonial/religious importance

In some areas the tree has spiritual significance. For ex-
ample, in Fiji it is the totem tree of several family clans,
villages, and districts.

COMMERCIAL PRODUCTS

Pacific kauri is a highly valued commercial timber species.
It has good peeling and gluing properties and is highly
sought after for surface veneer. The pale cream to gold
brown lustrous heartwood and straw yellow to pale brown
sapwood are well known and highly appreciated in the

timber industry. Damage from pinhole borers may occur
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in standing trees, while drywood termites and Anobium
borers may cause damage in service.

The wood is readily kiln dried with a medium shrinkage
value. The air-dry density is 540 kg/m3 (34 Ib/ft3). In ser-
vice the timber is very stable. The timber is suitable for a
wide range of end-uses including laboratory bench tops,
vats, sauna baths, battery separators, weatherboards, bowls,
novelties, handles, furniture, veneer, and boat building.

The use of selected, superior seed provenances (notably
from Vanuatu) and good silviculture will enable the com-
mercial production of timber and veneer in plantations on
a 40—55-year rotation period.

Spacing
Selection of spacing regime will depend on the environ-
ment in which the plantation will be established:

* in secondary or logged forest, enrichment planting
with a spacing of 2=3 m (6.6-10 ft) in lines 9—10 m
(3033 ft) apart

* in cleared areas a spacing of 4—5 x 4—5 m (13-16 x 13-16
ft) in association with agricultural intercrops for sev-
eral years to reduce weeding costs.

Management objectives

The overall management objective is to produce a high
stocking of well formed stems. Accordingly, implementa-
tion of a thorough weeding regime in early years is essen-
tial, including regular removal of climbers and singling of
any multi-stemmed seedlings/saplings.

An initial density of 400—500 stems/ha (160—200 stems/ac)
is recommended, reducing to a final density of about 150
stems/ha (60 stems/ac) through mortality and one selec-
tive, non-commercial thinning at about half the rotation
length, i.e., about 2025 years.

In native forests it is recommended that natural regenera-
tion be periodically tended, mainly release from vines and
climbers, following opening up of the canopy through log-

ging.

Design considerations

The wood is valuable, and accordingly plantations do not
necessarily have to located especially close to markets but
should preferably be located within economic range of
processing facilities. Excessive delays in processing may
diminish log quality due to sap stain and/or borer attack
(including toredo, a type of marine borer, if exposed to the
sea).
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CONSERVATION OF PACIFIC
KAURI

'The high-quality timber of Pacific kauri has led to
heavy post-European exploitation, and it remains a
species highly preferred by logging companies. For-
mer extensive logging of the species has left just a few
more-or-less pristine stands remaining in Vanuatu
and Fiji, and some of these have some level of protec-
tion. Although under no imminent threat, which is
indicated by its “near threatened” (LR/nt) listing in
the International Union for Conservation of Nature
and Natural Resources (IUCN) “red list,” it is an open
question whether present conservation efforts are suf-
ficient to maintain the remaining genetic resources
of the species in the long term. An intensification of
commercial timber harvesting may lead to a CITES
listing for the Fijian populations.

Yields

No data is available for older plantations of 4. macrophylla.
In the Santa Cruz Islands, Marten (1970) envisaged a 45—55-
year rotation with a final crop of 60-80 stems/ha (24—32
stems/ac) with each stem yielding 2 m3 (140 ft5). This
equates to a growth increment for merchantable timber in
the final crop of only 2—3 m3/ha/yr (29—43 ft?/ac/yr). Higher
growth rates have been observed for other Agathis species,
and Marten’s estimates appear conservative. Whitmore
(1980) recommended that 4. dammara be grown on a 50-
year rotation on Java (Indonesia) for a total predicted yield
of 22—28 m¥/ha/yr (315—400 ft/ac/yr) (volume increment,
including thinnings, at 30 years of age was 23—32 m¥/ha/yr
[329—458 ft/ac/yr]). Agathis robusta, another faster grow-
ing species in the genus, exhibited a merchantable wood
increment of 11 m¥/ha/yr (157 ft¥/ac/yr) at age 22 years on
a sub-optimal site in southern Queensland, Australia
(Whitmore 1980).

Market

'The timber and veneer of the species has good local and ex-
port market prospects. Because of its deservedly high repu-
tation in the timber trade and the multiple uses to which
its timber can be put, demand and prices will remain solid
for the indefinite future. In former times an annual output
of around 10,000 m¥yr (35,300 ft3/yr) from the Solomon
Islands was considered necessary to meet Australian de-
mand and return a profit. There is currently no production,
but there is estimated to be about 450,000 m? (15,900,000
ft3/yr) available, and logging may resume in near future.



INTERPLANTING/FARM
APPLICATIONS

Pacific kauri appears to be suitable for growing in
monocultures but is preferably cultivated with a diverse
tree/shrub understory.

Example system

Location

Shark Bay, Espiritu Santo, Vanuatu.

Description

New system: Seedlings are underplanted as an understory
in a moribund (stagnant growth with some deaths from
Phellinus) Cordia subcordata plantation, commenced in
about 1997 on trial basis.

Yields/benefits

The trees have grown moderately fast, about 1-1.5 m (3.3—5
ft) per year, and have very good stem form.

Spacing
Spacing of Agathis trees is 5 x 5 m (16 x 16 ft).

PUBLIC ASSISTANCE

See general extension links at: <http://www.traditionaltree.
org/extension.html>.
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Aleurites moluccana (kukui)
Euphorbiaceae (spurge family)

‘ama(Marquesas); candlenut, candleberry, varnish tree, Indian or Belgaum walnut (English); kukui, kuikui (Hawai‘i);
lama (Samoa); lauci, nggerenggere, sikeci, sikeli, sikethi, toto, tuitui, tutui, waiwai (Fiji); lumbang (Guam); raguar (Car-
oline Islands); rama (Mangareva); sakan (Palau); sakan, shakan (Pohnpei); tabii, tahiri, tiairi, tia‘iri, tutui (Moorea
[French Polynesial); fuitui (Mangaia [Cook Islands], Futuna, Makatea, Niue, Tonga, Tubuai, Uvea); futuf, tia‘iri

(Society Islands); futui (Rimatara, Rurutu, Tahiti)

Craig R. Elevitch and Harley I. Manner

i Y P T A R e w1
IN BRIEF

Distribution Widespread throughout the tropics.

e
'

Size Typically reaches 10-15 m (33-50 ft), with similar
crown diameter.

Habitat Subtropical dry to wet and tropical very dry to
wet forest climates. Typically o—700 m (0—2300 ft) with
rainfall of 640—4290 mm (25170 in).

Vegetation Associated with a wide variety of cultivated
plants.

Soils Prefers light and medium textured soils; grows even on

¥ 4 I.L:l‘_-f,"'-'}i.
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basalt, red loams, stony clay ground, sand, and limestone.

Growth rate Moderately fast growing in favorable condi-
tions, growing 0.5-1.5 m (1.6 ft) per year.

Main agroforestry uses Windbreak, screen/hedge, soil
stabilization, homegardens.

Main products Oil from seed, nut shells for leis.
Yields 8o kg (176 Ib) seeds per tree/year in cultivation.
Intercropping Planted as a boundary or windbreak tree.

Invasive potential Moderate, has naturalized in many ar-
eas. Rarely considered a pest.
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INTRODUCTION

Kukui is one of the great domesticated multipurpose trees
of the world. It is one of the most useful trees introduced by
the aboriginal people of the Pacific islands. A tall, spread-
ing tree in open areas, it commonly attains heights of 10 m
(33 ft) and a canopy diameter about as wide as the tree
is tall. Kukui grows in homegardens, in and around farms,
and naturalized along streams, gulches, and valley slopes. It
is easily recognized by its characteristic silvery gray-green
foliage, which is particularly ornamental.

Kukui is native to the Indo-Malaysia region and was in-
troduced in ancient times throughout the Pacific islands. It
can grow in a wide range of dry to wet tropical and sub-
tropical habitats but is most at home in the moist tropics
with annual rainfall of 2000 mm (80 in) or greater. Kukui
tolerates drought and wind and grows readily on poor soils
as well as steep slopes. Due to its many traditional uses and
its role in ecosystems, kukui is recognized as the official
state tree of Hawai‘i.

The traditional uses of kukui are extensive. Throughout
Polynesia kukui is known in local languages by names
whose root means “light,” referring to the traditional use
of seeds and oil which were burned for illumination. Many
parts of the plant including the seeds, leaves, flowers, and
bark were used in traditional medicine. Caution is advised
in using the plant medicinally or for consumption, as all
parts of the tree are toxic. Dyes extracted from various
plant parts were used to color tapa cloth and canoes, as
well as in tattooing. Today, in addition to its traditional
uses, kukui has found commercial uses, particularly in the
cosmetics industry.

In urban areas, kukui makes a lovely shade tree or visual
screen. In agricultural systems it can be integrated for use
in windbreaks, shade, soil stabilization, and improved fal-
low. Kukui can regenerate and naturalize where planted,
and it has been described as a moderate invader in certain
areas. However, it is rarely considered invasive or problem-
atic.

DISTRIBUTION

Native range

Kukui is native to Indo-Malaysia. It thrives in moist tropi-
cal regions up to 1200 m (3940 ft) elevation.

Current distribution

Kukui is today widespread throughout the tropics. It was
introduced aboriginally throughout the Pacific islands and
is now a common tree of the Pacific at elevations up to 700

2 Aleurites moluccana (kukui)

m (2300 ft). In Hawai‘i, kukui has naturalized in forests
on all the main islands and is commonly found in cultiva-
tion. It is particularly at home in moderately moist valleys,
where it has become a conspicuous part of the landscape.

Elsewhere in the Pacific, it is primarily found in cultivation
in villages and plantations or in secondary growth follow-
ing cultivation or along stream banks. The tree is also found
in Puerto Rico, the Virgin Islands, Malagasy, Sri Lanka,
southern India, Bangladesh, Brazil, the West Indies, and
the Gulf Coast of the United States.

BOTANICAL DESCRIPTION

Preferred scientific name
Aleurites moluccana (L.) Willd.
Family Euphorbiaceae (spurge family)

Non-preferred scientific names
Synonyms no longer in use include:

Aleurites javanica Gand.

Aleurites remyi Sherff

Aleurites triloba Forster & Forster f.
Camirium moluccanum (L.) Ktze.
Croton moluccanus L.

Jatropha moluccana L.

Common names

Candlenut, candleberry, varnish tree, Indian or Belgaum

walnut (English)

'The roots of the Polynesian names below mean “light,” re-
ferring to the ancient use of burning the nuts or oil ex-
tracted from the nuts to provide illumination:

ama (Marquesas)

kukui, kuikui (Hawai‘)

lama (Samoa)

rama (Mangareva)

tahii, tahiri, tiairi, tia'iri, tutui (Moorea, French Polynesia)

tuitui (Mangaia [Cook Islands], Futuna, Makatea, Niue,
Tonga, Tubuai, Uvea)

tutu'i, tia'iri (Society Islands)

tutui (Rimatara, Rurutu, Tahiti)

Other common names from the Pacific include:

lauci, nggerenggere, sikeci, sikeli, sikethi, toto, tuitui, tutui,
waiwai (Fiji)

lumbang (Guam)

raguar (Caroline Islands)

sakan (Palau)
sakan, shakan (Pohnpei)

Names from other world regions include:



Left: Kukui often is found in the regrowth of abandoned agricultural sites, such as here in Americ
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an Samoa. (pictured: Tui-

puavai Tago) Right: The distinctive canopy often stands out in the landscape, such as here on the slopes of Waipi‘o Valley,

Hawai‘i. pHOTOS: C. ELEVITCH

arbol lloron, avellano, avellano criollo, nogal de la India, nuez
(Spanish)

bancoulier, noyer de bancoul, noyer des Moluques, aleurites,
noisette, noix, noyer, noyer des Indes (French)

calumban, noz da India (Portuguese)

kamiri (Indonesian)

kandeltri (Bislama, Vanuatu)

Kerzennussbaum, Lichtnussbaum (German)

le noix de Bancou! (French, Vanuatu)

lerit, nwa, nwazet (Creole)

ragaur (Carolinian)

tung (trade name)

Size and form

Kukui is a large spreading tree that can reach 20 m (66 ft)
in height and 0.9 m (3 ft) trunk diameter, although it typi-
cally reaches 10-15 m (33—50 ft) when growing in the open.
Crooked trunks and irregular, wide, spreading or pendu-
lous side branches are typical. In narrow valleys kukui usu-
ally has a branchless trunk and achieves its greatest height.
Dense clusters of kukui are often seen in areas favorable
to its growth, with the inner trees having tall trunks with

relatively few side branches and trees on the edge having
outer side branches and foliage often down to the ground.

Flowers

Kukui is monoecious (having both male and female flow-
ers on the same plant). The greenish-white, fragrant flow-
ers are arranged in a 10-15 cm (4—6 in) terminal panicled
cyme, with many small male flowers surrounding the fe-
male flowers. The corolla is whitish with five free petals,
dingy white to creamy in color, oblong in shape and up to
1.3 cm (0.5 in) in length. The ovary is pubescent, superior,
and two-celled, each with one ovule. Staminate flowers are
longer and thinner than pistillate flowers.

'The plant typically flowers in the spring, although flowers

can be found nearly any time of year in many areas.

Leaves

This tree is easily discernible by its very distinctive leaves,
which are three- to five-nerved from the base, alternate, and
simple, with entire, wavy margins. The leaf blades are ro—20
cm (4-8 in) long with two glands at the junction of the

Species Profiles for Pacific Island Agroforestry (www.traditionaltree.org) 3


http://www.traditionaltree.org

TR SR

Upper left: 'The scientific name for kukui, Aleurites, comes from the Greek word for “ﬂou_ry,” referring to the dusted-flour ap-

-

pearance of young leaves and flower buds. Upper right: Trees often flower nearly continuously. Lower right: Ripe fruit in tree.
Lower left: Bark is smooth and light gray in color, often with lichen growth in moist areas. proTos: c. ELEVITCH

leaf base and petiole that secrete a sweetish sap. Leaves of
young plants and those of the lower branches are three- to
five-lobed with a rounded, heart-shaped base (subcordate),
while the apex is acute (sharp). Younger leaves are usually
simple and deltoid to ovate in shape. The upper surface of
young leaves is whitish with a silvery gloss, becoming dark
green with age. The underside is rusty stellate-pubescent
when young (having a hairy glossy indument).

Fruit

'The green to brownish fruit is a laterally compressed, ovoid
to globose indehiscent drupe 5-6 cm (2—2.4 in) long by
5—7 cm (2—2.8 in) wide. It has also been described as being
“round, hard apple-shaped” with fleshy to leathery husks.
The nuts contain an oil similar to tung oil from Aleurites

Sfordii.
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Seeds

The seeds are contained within a hard, black, rough shell
elliptical in shape and about 2.5-3.5 (1—1.4 in) cm long. The
shells are similar in shape and texture to walnuts, although
smaller and thicker. There are about 100-120 seeds (with
shells on, but with husks removed) per kilogram (45—55
seeds/Ib).

Similar species
Aleurites trisperma Blanco is a small tree similar to kukui (4.

moluccana). Unlike kukui, 4. #risperma has unlobed leaves
and prominently ridged three-seeded fruits.

GENETICS
Variability

There is great variability in kukui, particularly in the leaves,



which can vary tremendously in size, shape, color, and tex-
ture, even on a single tree. For example, leaves of young
plants and of the lower branches are three- to five-lobed
while older leaves and those of the upper branches are usu-
ally simple and deltoid to ovate in shape. Fruits can range
in size up to 4 cm (1.6 in) in diameter.

Known varieties

The variety aulanii is named for small-fruited plants from
Waipi‘o Valley, Hawai‘i (Wagner et al. 1999). The variety
katoi (mango-leafed kukui) has “narrow, lanceolate leaves
with lateral lobes obscure or absent” (Stuppy et al. undated).
'The remyi variety, also the probable result of aboriginal Ha-
waiian selection, has “lengthened, simple lanceolate leaves
(with or without obscure lobes) or deeply lobed leaves with
the lateral lobes very narrow and the terminal lobe much
elongated,” while a cultivar from New Caledonia has or-
bicular leaves (Stuppy et al. undated). A variety found in
Vanuatu (Maewo) has seeds which can be eaten without
any apparent toxic effect (Walter and Sam 2002).

Culturally important related species

In China, tung oil is produced from Aleurites fordii (Stone
1970). In Japan, 4. cordata is used for the same purpose,
while other related species are 4. montana and A. trisperma

(Anon. undated [2]).

ASSOCIATED PLANT SPECIES

As kukui is an aboriginal introduction to the Pacific islands,
it is generally found in disturbed mesic (moderately moist)
forest habitats. In Hawaii, it is very conspicuous along
stream valleys and ravines. However, it can also be found
in association with native species. It is found in cultivated
forest remnants in the Marquesas and other high volcanic

islands of the Pacific.

Associated native species commonly found
On Mangaia (Cook Islands), kukui is found in “disturbed

native” mixed-species forest dominated by the native tree
species Elaeocarpus floridanus and Hernandia moerenhoutia-
na (Merlin 1991). Introduced species associated with kukui
include Cocos nucifera, Morinda citrifolia, Hibiscus tiliaceus,
and Psidium guajava.

In Pahole Gulch, O‘%hu, Hawaii, kukui is a dominant
species in a forest composed of Diospyros hillebrandii, D.
sandwicensis, Pisonia umbellifera, and P. brunoniana (Muel-
ler-Dombois and Fosberg 1998). Kukui is also a domi-
nant in non-native forests of the Pahole Gulch Natural
Area, composed of Syzygium cumini, Psidium spp., Schinus
terebinthifolius, and Eucalyptus (Mueller-Dombois and

Hawaiian sayings (Pukui 1983)

He kumu kukui i he'e ka pilali.
“A kukui tree oozing with gum.”
(A prosperous person.)

Ka malu hilau loa o ke kukusi.
“The long shelter of the kukui trees.”
(A kukui grove shelters like a house.)

Pupubi kukui—malino ke kai.
“Spewed kukui nuts—calm sea.”
(Pour oil on troubled waters.)

Fosberg 1998).

On Moorea (Fr. Polynesia), kukui, Hibiscus tiliaceus, Rhus
taitensis, and other trees are found on the sides of val-
leys. On rocky slopes, kukui is found in association with
indigenous species such as Pisonia umbellifera, Boehmeria
virgata, Pandanus sp., Freycinetia impavida, Hernandia sp.,
Cyclophyllum barbatum, Macaranga sp., Weinmannia parvi-
flora, Glocihdion sp., Neonauclea forsteri, Ixora moorensis, and
Tarenna sambucina (Mueller-Dombois and Fosberg 1998).

Species commonly associated as aboriginal intro-
duction in Pacific islands

In Tahiti, kukui is found in the submontane rain and valley
forests in association with native species along with bread-
fruit (Artocarpus altilis), mango (Mangifera indica), and
coconut (Cocos nucifera) (Mueller-Dombois and Fosberg
1998).

In the Marquesas, this species is found in formerly cul-
tivated valley bottomlands. The vegetation here has been
described as a mesophytic (medium moisture) forest
composed largely of food and other useful plants such as
Artocarpus, Annona, Ceiba, Cocos, Citrus, Coffea, Syzygium,
Inga, Inocarpus, Mangifera, Pandanus, Persea, Psidium,
Pometia, and Spondias (Mueller-Dombois and Fosberg
1998, Decker 1992). On Eiao Island (Marquesas), kukui is
tound in the gulches with Pisonia grandis, Hibiscus tiliaceus,
Thespesia populnea, Dodonea viscosa, and Annona squamosa

(Mueller-Dombois and Fosberg 1998).

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Climate
'This species has a large geographical distribution. Climati-
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cally it is found in subtropical dry and wet climates and
tropical very dry to wet forest climates. In Hawai‘i, the
species is found between o and 700 m (0—2300 ft) (Wag-
ner et al. 1999). Near the equator, the tree is reported to
grow on a variety of soils up to 2000 m (6560 ft), although
it is more likely that it has an upper limit of about 1200 m

(3940 ft).

Elevation range

o—700 m (0—2300 ft) (Hawai‘i), but can grow up to 1200 m
(3940 ft) closer to equator.

Mean annual rainfall
640—4290 mm (25-170 in) (mean of 14 cases, 1940 mm [76

in]) (Duke 1983)

Rainfall pattern

Kukui grows in climates with summer, winter, bimodal,
and uniform rainfall patterns.

Dry season duration (consecutive months with <40
mm [1.6 in] rainfall)

3—5 months or longer, as the species is often found along
streams that may have subsurface water even after longer

dry spells

Mean annual temperature

19—27°C (66-81°F)

Mean maximum temperature of hottest month
26—30°C (79-86°F)

Mean minimum temperature of coldest month
8-13°C (46—55°F)

Minimum temperature tolerated
8°C (46°F) (estimate)

Soils

Said to occur on a variety of soils, including red loams,
stony clay ground, sand, and limestone. As evidenced by
its relative absence in Northern Guam (which is underlain
by limestone), kukui does not seem to prefer alkaline soils.
However, its presence on Mangaia, which has Makatea
soils with some limestone, suggests a tolerance of neutral
to slightly alkaline soils. The species is dominant on moist,
well drained acidic soils (perhaps Inceptisols and Ando-
sols) of the high volcanic islands of the Pacific Basin.

Soil texture

The tree prefers light and medium texture soils (sands, san-
dy loams, loams, and sandy clay loams).
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Soil drainage

It requires free drainage.

Soil acidity
It grows in lightly acidic to alkaline soils (pH 5-8).

Special soil tolerances

Kukui tolerates infertile soils.

Tolerances

Drought

Kukui is quite drought tolerant once well established.
However, it flourishes in moist environments.

Full sun

'The tree prefers full sun and can grow as a pioneer species
in open areas with suitable rainfall.

Shade

Kukui can grow in a modest amount of shade, up to 25%.

Fire

'The species is probably intolerant of fire.

Frost

It is probably intolerant of frost, as it is generally confined
to the lower slopes of pali (steep slopes) that do not experi-
ence frost (up to about 700 m [2300 ft] in Hawai‘i).

Waterlogging

Although the species is an indicator of stream courses, it
favors well drained, moist soils.

Salt spray

Kukui tolerates a modest amount of salt spray and is oc-
casionally found growing near the coast.

Wind
It tolerates both steady and storm winds and makes a suit-
able windbreak tree, especially in a multi-row windbreak.

Abilities

Regenerate rapidly

The tree can grow well even on relatively poor sites, pro-
vided ample soil moisture is available, particularly during
establishment.

Coppice
Kukui regrows very well even after severe pruning, al-
though it has a tendency to die after two or more prunings



in quick succession.

Other

Kukui is known for its ability to grow well on
slopes, even steep gulches and cliffs.

GROWTH AND
DEVELOPMENT

There is little direct information on the growth
and development of kukui. It is said that the
tree is quick growing and readily colonizes dis-
turbed gaps and forest margins. Given these
characteristics, kukui probably has growth rates
comparable to other common secondary forest
tree species. The tree requires little attention
once it is established.

Flowering and fruiting

Flowering and fruiting begins at 3—4 years old.
In many places flowering and fruiting take place
almost continuously, frequently with flowers
and fruits of all stages of ripeness occurring on
each tree.

Reaction to competition

Kukui can hold its own even in the presence of
grasses and other herbaceous weeds.

PROPAGATION

Propagation of kukui seedlings is easily done
by seed. Although the seeds can take up to 3—4
months to germinate, they are large and quickly
grow into strong, stout seedlings ready for field
planting. Seedlings are not finicky about grow-
ing location (tolerating sun or partial shade),
nor do they require special growing medium
or watering regimes. Due to the quick growth
of germinating seeds into seedlings, seeds lend
themselves to either being direct-seeded in the
field or pregerminated in the nursery, then di-
rect-seeded. Kukui can also be propagated by
cuttings, but this is uncommon and may not

yield a plant that grows as vigorously as a seedling.

Seed collection

Rt e el et - oo 3 ; 1
Ripe fruit can often be collected from underneath the lower canopy (top),
or seeds can be collected from the ground under trees with the husk already
deteriorated (bottom). PHOTOS: C. ELEVITCH

Seed processing

If the fruits are fresh, they are allowed to decay a few
days in a moist area, which facilitates peeling off the thick,
leathery outer husk. This exposes the hard shell that en-

Kukui flowers and fruits intermittently throughout the closes the seed. There are about 100120 seeds per kg (4555
year. Mature fruits can be picked from the tree or collected seeds/Ib) with husk removed and shells on. Typically, ger-

from the ground.

mination is about 80% over the course of several months.
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To improve the germination rate, bad seeds can be floated
off in water.

Seed storage

Seeds can be stored for several months when dried to
10-12% moisture content. Often seeds lying on the ground
under trees are viable and can be used successfully.

Pre-planting treatments

Untreated seeds germinate in about 4 months. Sun warm-
ing of a moist medium is thought to hasten and improve
germination. Cracking the seed coat (shell) and soaking
overnight in water may also hasten germination. Fungi
growing on the seed coat may become a problem for ger-
minating seeds, so treating the seeds with a fungicide prior
to sowing may be helpful in reducing fungal problems.
Seed scarification with acid does not benefit germination.

Growing area

Kukui seeds can grow in moderate shade, but full sun also
works and may hasten germination.

Germination

Seeds can be direct-seeded in containers or pregerminated
in beds. When seeds are pregerminated in a bed, it is best to
transplant the seeds just as they begin to germinate when
the seed cracks open. Pregerminated seeds can either be
planted in nursery containers or direct-sown in the field.

Media

Because kukui germinants have a large, thick taproot, it is
recommended that seedlings are grown in 2—4 liter (1/2—1
gallon) root-training containers. Use a well drained pot-
ting medium such as 50% peat moss, 25% perlite, and 25%
vermiculite, amended with a little compost, dolomite lime,
gypsum, and 14-14-14 slow-release fertilizer. Potting me-
dia should also be inoculated with mycorrhizal fungi from
a reputable commercial source, particularly if the trees will
be planted in degraded soils.

Time to outplanting

After germination, plants are ready to be transplanted into
the field after about 3—4 months.

Approximate size for outplanting

Trees are ready to outplant when they have attained a
height of about 25 cm (10 in) and stem diameter of 12 mm

(0.5 in).
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Guidelines for outplanting

It has been reported that 200—300 seedlings are planted
per hectare for oil seed production. In windbreaks, kukui
can be planted 3—4 m (1013 ft) apart in the row.

DISADVANTAGES

There are very few disadvantages to planting the widely
adapted and multipurpose kukui tree. Perhaps the biggest
commercial disadvantage is that no large markets exist for
any kukui products. Also, it is so easy to grow in many
environments that there is no clear commercial advantage
to growing it in any specific place. For example, any kukui
product that can be produced in Hawai‘ can be easily re-
produced in other tropical regions where the costs of land
and labor are cheaper.

Potential for invasiveness

Kukui has naturalized in several Pacific islands, particular-
ly in Hawai‘, and has the potential to become established
outside of cultivation. Despite this, kukui is rarely consid-
ered a harmful invasive or pest species.

Susceptibility to pests/pathogens
'The following fungi are known to attack kukui: Cephalospo-

rium sp., Clitocybe tabescens, Fomes hawaiensis, Gloeosporium
aleuriticum, Physalospora rhodina, Polyporus gilvus, Pythium
ultimum, Sclerotium rolfsii, Sphaeronema reinkingii, Tram-
etes corrugata, Xylaria curta, Ustulina deusta. Nematodes
include Meloidogyne sp. (Duke 1983).

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Mulch/organic matter

Kukui leaves make a good mulch. To preserve the health
of the tree and encourage rapid regrowth, only a small per-
centage of the leaves (less than 20%) should be removed at
any one time.

Soil stabilization

Kukui grows well on steep slopes and in gulches. Along
with koa (Acacia koa), kukui was one of the first trees
planted by the Hawai‘i Division of Forestry for watershed
rehabilitation.

Crop shade/overstory

Although not considered overly competitive with other
plants, kukui’s dense shade limits its use as shade for light-
demanding crops.



Alley cropping

Although kukui will regrow after severe prun-
ing, its moderate growth rate makes it unsuit-
able for frequent pruning for mulch in an alley
cropping system.

Homegardens

Because of its usefulness and beauty, kukui is
grown in homegardens throughout the Pacific
and elsewhere in the tropics.

Living fences/visual screen/boundary
markers

It is often used as a living fence or bound-
ary marker in Tonga, Hawai‘i, and elsewhere.
Planted densely as a double row on 2 x 2 m (6.5
x 6.5 ft) or 3 x 3 m (10 x 10 ft) spacing, kukui
makes a wonderful visual screen.

Windbreaks

Kukui makes a good windbreak component,
particularly in a multi-row windbreak.

Ornamental

Kukui is widely used as an ornamental tree for
its thick silvery-green foliage. This is perhaps
its most common use in cultivation.

USES AND PRODUCTS

With its innumerable uses, kukui was dis-
seminated aboriginally throughout the Pacific
islands. Virtually all parts of the tree—leaves,
fruits, bark, wood, roots, sap, flowers, etc.—
were useful for medicine, illumination, housing,
dyes, food, ornamentation, and many other uses.
Even today, many of kukui’s traditional appli-
cations are still in use. During the 19® century
kukui oil was a commercial export of Hawaifi,
and it has recently been revitalized as a commercial prod-
uct there and elsewhere in the Pacific.

Nut/seed

The raw seeds are toxic and have a strong purgative ef-
fect, but cooked seeds can be eaten sparingly, especially as
a condiment. Some varieties, such one found in Vanuatu
(Maewo), have no apparent toxic effect (Walter and Sam
2002).

Medicinal

Folk remedies are reported for general weakness due to

Kukui makes an excellent screen along roads and boundaries. Top: Privacy
hedge along driveway. Bottom: Boundary hedge next to coffee plantation.
PHOTOS: C. ELEVITCH

stomach or bowel disorder in children, asthma, bad breath,
skin sores or ulcers, “swollen womb,” and rejuvenating
the body after poisoning (Kaaiakamanu and Akina 1922).
Kukui nut oil makes a strong laxative and is sometimes
used like castor oil. The leaves have been used for poultices
for deep contusions and swellings.

Flavoring/spice

Hawaiians have traditionally used the roasted, pounded
kukui seed kernel mixed with salt and seaweed or chili
peppers as a condiment called ‘inamona.

Species Profiles for Pacific Island Agroforestry (www.traditionaltree.org) 9
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Kukui is the official tree of the State of Hawai‘i be-
cause of “the multiplicity of its uses to the ancient Ha-
waiians for light, fuel, medicine, dye, and ornament, as
well as the distinctive beauty of its light-green foliage
which embellishes many of the slopes of our beloved
mountains.” (Neal 1965)

Animal fodder

After removal of the oil, the remaining seed cake has been
used for cattle fodder.

Timber

The wood is straw colored and very light weight (sp. gr.
0.35). Because it is not resistant to decay or insect attack, it
is rarely utilized for timber. The wood is readily colonized
by fungi and has been used successfully as a substrate for
growing mushrooms, particularly the ear fungus (Juricu-
laria sp.) known in Hawai‘ as pepeiao. After
heavy rains, deadwood under kukui trees often

has large quantities of edible fungus.

Fuelwood

'The wood can be burned as a low-quality fuel.

Canoe/boat/raft making

'The Hawaiians used the easily worked wood
for short-lived, light-weight canoes and fishnet
floats.

Rope/cordage/string

A bark infusion with water was used by Hawai-
ians to preserve fishnets.

Resin/gum/glue/latex

'The whitish sap was painted on tapa cloth to
make it more durable and waterproof.

Body ornamentation/garlands

'The empty shells are strung to make a popular
lei. The mature black seeds and immature white
to brown seeds are commonly used in lei mak-
ing, polished and unpolished. The shells, which
can be polished to a high luster, are fashioned
into earrings and other costume jewelry. The
leaves with or without the flower clusters are
woven into impressive leis.

Tannin/dye

Hawaiians used the seed husk to make a black
dye for tattooing and the root bark to make a
dye to paint canoes. The soot from burned seed

10 Aleurites moluccana (kukui)
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Due to its light weight, poor durability, and crooked form, the wood is
rarely used for timber. pHOTO: C. ELEVITCH

kernels (traditionally used for illumination) is used for an
indelible black dye in tattooing and tapa cloth, particularly
in Samoa and Tonga (Whistler 1991).

Toxin/insecticide/fish poison

Kukui oil can protect cotton bolls from the boll weevil and
prevent feeding by the striped cucumber beetle.

Cosmetic/soap/perfume

Oil extracted from the seed can be made into soap. Chewed
seeds are used as a soap substitute. Refined kukui oil is to-
day widely sold in the cosmetic industry and may currently
be kukui’s primary commercial product.

Fertilizer

After removal of the oil, the remaining seed cake has been
used for fertilizer.
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Oil/lubricant

Oil extracted from the seeds was traditionally
used by Hawaiians as a preservative for surf-
boards. The oil can also be used as a basis for
paint or varnish, burned as an illuminant, made
into soap, and used for waterproofing paper. To-
day kukui nut oil is marketed as a skin moistur-
izer and protectant. With chemical modification
the oil can also be burned as fuel in diesel en-
gines.

Illumination/torches

The oily kernels are dried and strung on a skewer
such as a coconut leaf midrib. Each nut in the
string burns for about 3 minutes and emits a
somewhat fragrant smoke.

Ceremonial/religious importance

The likeness of a pig’s head carved from kukui
wood is set on an altar for the Hawaiian festival

of Makahiki (Kamehameha Schools 1994).
Other

The seeds have been used as toys such as mar-
bles and tops. The crushed seeds have been used
mixed with other ingredients as fish bait (Abbot

1992).

URBAN AND COMMUNITY
FORESTRY

Kukui is found in homegardens and community
areas throughout the tropics. It has many tradi-
tional products for home use such as a condi-
ment, medicines, dye, and utility wood. The tree
is also highly prized for its amenity services in-
cluding shade, living fence, and ornament.

Size in an urban environment

Kukui typically reaches 10-15 m (33—50 ft) tall
with a broad canopy when grown in the open,
with dense foliage often growing down to the
ground. When grown in the shade of nearby
trees, kukui grows more upright, with a domi-
nant main stem and little side foliage. Trunk di-
ameter at maturity can reach 1.5 m (5 ft). The tree
tolerates pruning very well and can be controlled
in size and shape as desired.

Rate of growth in a landscape

In favorable conditions young trees can grow 1—2

Top: The kukui kernel has numerous uses including medicine, condiment,
and a basis for oil and soap. Bottom: The sap which wells up at the stem
attachment just after harvesting young kukui fruits is used traditionally by
Hawaiians to treat cuts and skin sores. pHOTOS: C. ELEVITCH
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m/yr (3.3-6.6 ft) in height. As trees grow older, the rate of
growth declines.

Root system

There is no indication of the root system interfering with
other plants, pipes, or structures.

Products commonly used in a Pacific island

household

'The flavorful but somewhat toxic kernels are consumed
to varying degrees throughout the Pacific. In Hawaif
the seeds are traditionally roasted and crushed together
with sea salt to prepare a condiment called ‘inamona. The
crushed, roasted kernel is frequently used in small quanti-
ties in Indonesian and Malaysian cuisine. In Samoa the
kernels are eaten by children, although more than 2—3 ker-
nels can cause nausea, vomiting, abdominal pains, or diar-
rhea.

Various parts of the plants are used in traditional medicine
throughout Oceania (Thaman and Whistler 1996, Whis-
tler 2000, Walter and Sam 2002). A black dye used to dye
tapa cloth is made from the fruit, bark, or roots. Leaves,
flowers, and seeds are used in making leis in Hawai‘i. The
leaves and young branches are considered to be an excel-
lent mulch material and were formerly used to mulch taro
in Hawai‘l. Many more uses are listed in “Uses and prod-
ucts” above.

Light requirements

Kukui prefers full sun and grows more upright and spindly
in partial shade.

Water/soil requirements

'The tree grows in a wide variety of soils, including infertile
soils. It requires free drainage.

Life span

There is no data available, but kukui trees are estimated to
live 40—60 years.

Varieties favored for use in homegardens or public
areas
There are many forms found regionally (see “Variability”

above). These selections would be favored for home and
village gardens.

Seasonality of leaf flush, flowering, fruiting

In optimal conditions with ample moisture available, leaf
flush, flowering, and fruiting are nearly continuous.

Exceptional ornamental values

'The silver-gray foliage stands out in the landscape. Kukui
is also recognizable by its domed and dense canopy. Trees
are often in flower; the white to cream-colored flowers are
attractive and slightly fragrant.

Use as living fence, hedge or visual/noise barrier

Given ample sunlight and space, kukui’s dense crown
makes a very good visual barrier, particularly since foliage
tends to extend down to the ground. A row of trees planted
3—5 m (10-16 ft) apart forms a solid canopy.

Birds/wildlife
Many types of birds find shelter in the kukui canopy.

Left In open areas, the follage usually extends down to the ground Right: When pruned up, the area under the canopy makes

awonderful sitting area. pHOTOS: C. ELEVITCH
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Maintenance requirements

Young seedlings benefit from regular weeding and irri-
gation if necessary. Once established, trees require little
care. Kukui does not require fertilizer except in the most
infertile soils. It tolerates drought but will grow best in
consistently moist conditions. The dense canopy tends to
suppress weed growth within the drip line. The tree re-
grows well after pruning. If desired, lower branches can be
pruned up along the perimeter to open a view underneath
the canopy. The tree can also be pollarded to control the
height and canopy diameter (Salim et al. nd). In pollarding,
a framework of several stems is formed at a desired height
by pruning the tree during its early development. These
stems are then pruned back heavily every 2—3 years.

Special considerations regarding leaf, branch, and

fruit drop

Kukui holds its branches very well in normal conditions
and even in storms. The ground beneath the trees is often
covered with fruits and seeds.

Nuisance issues

None.

Hazards

Newly fallen fruits are hard and round, about the size of
golf balls. They present a real danger on streets or side-
walks where people could easy slip on them.

Common pest problems

Pests or diseases rarely seriously affect kukui. There are no
pests of economic importance (Siemonsma 1999).

COMMERCIAL CULTIVATION

'The widespread cultivation of kukui has traditionally been
for its many non-commercial uses. At one time the seed oil
was used as a basis for varnishes and paint, although the
oil derived from tung (Aleurites fordii) is superior for these
uses. In more recent times, the primary commercial prod-
uct derived from kukui is the oil extracted from the seed
for the cosmetic industry. The oil is rich in polyunsaturated
oils (linolenic, oleic, and various linoleic acids), and is said
to have a high penetrability and soothing eftect on dry or
sunburned skin and other skin maladies such as psoriasis,
acne, and eczema. Most oil produced in India, Sri Lanka,
and other places is consumed locally and does not find its
way into international trade.

Spacing
A suggested spacing for oil production is 200 trees/ha,

which can be achieved with a spacing of about 7 x 7 m (23
x 23 ft) or 6 x 8 m (20 x 26 ft).

Management objectives and design consider-
ations

Seeds can be harvested from the ground, although the
heavy leaf mulch usually found under kukui trees hinders
harvesting the fallen seeds. Picking seeds from the trees
is often impractical due to the height and the difficulty of
judging maturity of the ripening fruit. The propensity of
kukui to grow well on steep slopes may be used to some
advantage, as the large spherical fruits can roll to collection
areas if designed properly.

Yields

For tropical plantations with trees spaced at 200 trees/ha
(81 trees/acre), nut yields were reported as 8o kg/tree (176
Ib/tree), or 16 mt/ha/yr (7.1 t/ac/yr), of which 3 mt (3.3 t)
would be oil Given a spacing of 200 trees/ha and an ex-
pected yield of approximately 8o kg of seeds per tree per
year, about 16 mt/ha/yr can be produced. About 20% of
this yield can be extracted as oil, which is equivalent to
3.2 mt/ha (1.5 t/ac) of unrefined oil per year. The current
retail value (year end 2003) of kukui nut oil is about $43/kg
(s19.50/1b). This represents a considerable potential retail
value per hectare for the processed oil, and an incentive to
investigate value-added processing methods. The residues
can be converted to alcohol. Fruit yields range between 4
and 20 mt/ha/yr (1.8-8.9 t/ac/yr) and an oil yield of 3100
kg/ha (2760 Ib/ac) has been reported (suitable, with modi-
fication, for diesel uses) (Duke 1983).

On-farm processing methods

Removing the outer husk and drying to ca. 12-15% mois-
ture should be carried out on-farm. This stabilizes the
seeds (prevents fungal growth and insect infestation) and
prepares them for pressing.

Markets

Kukui nut oil is marketed widely through health food stores
and on the Internet. Market volumes are not known.

INTERPLANTING/FARM
APPLICATIONS

Some interplanting systems include:
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Example 1

Location
Keauhou, North Kona, Hawai‘i.

Description

This project is a 2.4 ha (6 ac) orchard planted in 1993. The
elevation is 230 m (700 ft) and rainfall ca. 1040 mm (45 in)
annually. The purpose is a visual screen.

Crop/tree interactions

'The interior of the property was planted with avocados,
mango, and sapodilla trees. The kukui afforded modest
protection from the periodic storm winds.

Spacing/density of species
The outer boundary was planted with a double row of

kukui trees 2.6 m (8 ft) apart within rows and 2.6 m (8 ft)
between rows.

Example 2

Location

Located at the Moloka‘i Research and Demonstration
Farm in the Ho‘lehua Ag Park, Moloka‘, Hawai‘i. The
project is planted on o.15 ha (0.36 ac).

Description

This project is called, “A Demonstration of a Multi-Crop-
ping System in Establishing and Producing Native Trees”
(Arce 2003). Five rows of trees were planted in a north-
south orientation with six kukui trees in each row. There is
4.6 m (15 ft) between rows to accommodate the tractor for
mowing the area between rows. In addition to the growth
rate of the kukui and other trees, the project measured the
performance of understory crops such as alfalfa, ginger and
anthuriums for cut flowers, kava, edible fungus, and cacao.
Alfalfa was successfully grown during the early years, be-
fore the kukui trees shaded the surrounding area too much.
Kukui’s natural habit of dropping its branches and many
falling nuts posed a hazard to understory crops such as the
flowers. Ear fungus, a popular edible fungus known in Ha-
waiian as pepeiao, was introduced to kukui logs which were
set in piles between the trees. Small amounts of edible fun-
gus were produced, which could probably be increased by

improved mycoculture techniques.
Spacing

Trees were planted at 3 m (10 ft) between trees, 4.6 m (15
ft) between rows.

14 Aleurites moluccana (kukui)

Kali Arce shows her kukui trees in an agroforestry demon-

stration project in Ho‘olehua, Moloka‘i, Hawai'i. proTo: . B.
FRIDAY

PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Extension offices for agroforestry and forestry in the
Pacific: http://www.traditionaltree.org/extension.html
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Alphitonia zizyphoides (toi)

Rhamnaceae (buckthorn family)

doi, doi damu, doi selawa (Fiji); navasvas (Vanuatu); foi (Samoa, Tonga, Wallis and Futuna, and Niue); foi, manee
(French Polynesia)

Lex A. J. Thomson and Randolph R. Thaman

IN BRIEF

Distribution Widely distributed and moder-
ately common in the South Pacific islands.

Size Typically 20—25 m (66-82 ft) tall at ma-
turity.
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Habitat Tropical, humid, 180o0—4000 mm
(70-157 in) rainfall, lowland to lower montane
forests, 5—700 m (16—2300 ft) elevation.

Vegetation Wide range of tree species of ear-
ly successional forest.

Soils Very wide range of well drained soil
types.

Growth rate On good sites, 2—3 m/yr (6.6-10
ft/yr) during the first 3—4 years, thereafter re-
ducing to 1—2 m/yr (3.3-6.6 ft/yr).

Main agroforestry uses Improved fallow,
windbreak, woodlot.

Main products Timber, fuelwood, and tradi- g
tional medicine. .

Yields Timber yields are estimated at 12-16
m¥/ha/yr (172—229 ft/ac/yr).

Intercropping Mainly occurs in such systems
as a result of natural regeneration.

Invasive potential Potentially invasive out-
side of its natural range.
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INTRODUCTION

Toi (Alphitonia zizyphoides) is a fast growing tree to 20—30
m (66-100 ft) tall. It is native to the South Pacific region
from Vanuatu to French Polynesia, where it occurs in low-
land and lower montane forest associations, including sec-
ondary forests and the margins of closed forests. In these
regions, annual rainfall is high, with a distinct summer wet
season (November—April) and a cooler dry season (May—
October). The species has a very wide edaphic range, with
best development on fertile, well drained, medium-heavy,
neutral, friable volcanic ash soils overlying limestone.

Locally it is valued in traditional medicines and for its
wood, which is excellent for construction, including posts
and rafters, for making canoes, and as a hot-burning fuel.
It is very widely used in traditional medicine; the bark and
bark sap are used to treat various diseases and ailments. Its
leaves were formerly used as soap.

Toi is important ecologically as a component of second-
ary forest developing on disturbed sites, including aban-
doned garden places. The species has great potential for
enrichment planting in fallow areas, and for agroforestry
plantings. Its main drawbacks are its typically poor stem
form in open-grown situations, its generally small size, and
the low durability of its wood when in contact with the
ground. It is likely to have a moderately high weed poten-
tial due to its pioneer characteristics.

DISTRIBUTION

Native range

'The species is widely distributed and moderately common
in the South Pacific islands, from Vanuatu in the west,
through Fiji, Tonga, Wallis (‘Uvea) and Futuna, Samoa,
American Samoa, Niue, Cook Islands to the Society Is-
lands (French Polynesia) in the east. Toi mainly occurs in
lowland and lower montane forest associations below 500
m (1640 ft) elevation.

Itis found on most high islands and a few atolls throughout
the Vanuatu, Fijian, Samoan, and Tongan archipelagoes:
Aneityum, Tanna, Erromango, Efate, Paama, Malekula,
Espiritu Santo, Pentecost, and the Banks Group (Vanu-
atu); Viti Levu, Vanua Levu, Taveuni, Ovalau, Kadavu,
Beqa, Gau, Yasawa, and the Lau Group including Kabara,
Lakeba, Moala, Totoya, Vanua Balavu (Fiji); Savai‘i, Upolu,
Tutuila (Samoa and American Samoa); Vava‘u, Ha‘apai
group, Tongatapu, and ‘Eua (Tonga). It is now rare but scat-
tered on the Cook Islands, including on Mount Ikurangi
(Rarotonga). It is unclear whether the species also occurs
in the Solomon Islands.
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Current distribution

'The species is not known to have been planted outside of
its native range.

BOTANICAL DESCRIPTION

Preferred scientific name

Alphitonia zizyphoides (Spreng.) A. Gray

Family
Rhamnaceae (buckthorn family)

'The genus Alphitonia has not been assigned to any of the
tribes of Rhamnaceae, because the relationship with other
genera could not be resolved (Richardson 2000). Keller-
mann (2002) groups it with its most closely related taxon
Granitites intangendus (F. Muell.) Rye into an “Alphitoni-
oid Clade.”

Non-preferred scientific names

Rbhamnus zizyphoides Solander ex Forst. f.
Rbhamnus zizyphoides Spreng.
Alphitonia excelsa (Fenzl) Benth.

Common names

doi (pronounced ndoi, main name in common use); doi
damu, doi selawa (Fiji)

nawvasvas (Vanuatu)

toi (Samoa, Tonga, Wallis and Futuna, and Niue)

toi, manee (French Polynesia)

Other local names in Vanuatu include: naporh (Aneityum),
vilvile and nevilvil (Banks), aurie and vibumeri (Santo),
neho (Malekula), dove and ondova (Pentecost), reha (Paa-
ma), nampou (Erromango), nafa and nahmah (Tanna).

Size

A medium-sized to large tree, typically 20—25 m (66—82 ft)
tall at maturity with a 10-15 m (33—49 ft) crown diameter,
although there is an extreme height range of 330 m (10—
100 ft) in different habitats. The diameter at breast height
(dbh) is typically 30—50 cm (12—20 in) in mature specimens,
but it can reach up to 65 cm (26 in) above buttresses. The
average bole length is 10 m (33 ft), with a maximum of 18
m (59 ft). A stunted form reaching only 1—2 m (3.3-6.6 ft)
in height has been reported from harsh sites in Niue. The
related A. franguloides, which perhaps ought to be consid-
ered as a variant or subspecies of toi, develops into a large
woody shrub to small tree from 0.5 to 20 m (1.5-66 ft) in
height at maturity.



Form

Canopy and bole form is highly variable depending on the
site. In young specimens the crown is monopodial, with
spirally arranged, horizontally held branches. In open situ-
ations the lower branches persist and canopy form is vari-
able, with low, heavy, spreading branches. In more closely-
grown forest situations the lower branches are shed and
the bole form is good, reasonably straight, and cylindrical.

Flowers

The flowers are arranged in short, 3-10 cm (1.2—4 in) long,
axillary/near-terminally positioned, flat-topped clusters.
Individual flowers are bisexual, small, whitish/light green,
fragrant, and arranged in fives. The calyx is about 5-6.5 mm
(0.2—0.25 in) across. The sepals are light green with fine,
silvery hairs, while the petals are white: both sepals and
petals are about 2 mm (0.08 in) long. Flowers have been
recorded throughout the year in Fiji, but the main season
in Vanuatu is January—March. The age to first flowering is
unknown but is expected to be 3—4 years.

Leaves

The leaves are simple, alternately arranged, oblong-ovate
to lanceolate, 5-18 cm (2— in) long by 3—6.5 cm (1.2—2.6 in)
wide, shiny dark-bright green on the upper surface, and
tomentose light grayish-green below. There are 10-15 pairs
of secondary nerves. The leaves are usually rounded at the
base (whereas the related 4. franguloides usually has an
acute leaf base). The petioles (1.5-2.5 cm [0.6-1 in] long)
are first covered with orange-brown hairs which later turn
blackish-green. Specimens from the Cook Islands have
more ovate leaves, whereas those from Samoa are more
lanceolate.

Left: Flowers and leaves, interior of Viti Levu, Fiji. Right: Fruits, Santo, Vanuatu. proTos: L. THOMsON

Fruit

The fruit is a globose to broadly ovoid drupe about 6—9
mm (0.24-0.36 in) in diameter, with a conspicuous ring-
like calyx scar; it turns from green to purplish green and
then to brown-black at maturity. In fully mature fruits, the
spongy exocarp/mesocarp flesh dries and falls away, expos-
ing two arillate seeds, each enclosed by a hard case.

The age to first fruiting is about 4—5 years under good
growing conditions. In Vanuatu, the main fruiting season
is August—September, but fruits may be collected as early
as June. In Samoa, fruits have been mainly collected in
September, but some fruits may be collected throughout
the year, with old fruits often persisting on the tree.

Seeds

The seeds are smooth, brown, flattened, and oval, about 4
mm (0.2 in) long, and more or less enclosed by a loose,
reddish brown aril. The main mode of dissemination is by
soft-beaked birds such as pigeons, doves, honeyeaters, sil-
vereyes, and trillers.

Similar species

Alphitonia zizyphoides is part of a species complex that in-
cludes A. excelsa (Fenzl) Benth. (in Southeast Asia, PNG,
and Australia), 4. franguloides A. Gray (in Fiji), 4. marque-
sensis F. Brown (in the Marquesas Islands, French Polyne-
sia), and 4. ponderosa Hillebr. (in Hawai‘). 4. zizyphoides
and these closely related species are considered by some
botanists to represent a single highly variable taxon.

A. excelsa difters from A. zizyphoides in its leaf character-
istics, including texture (thin compared with distinctly
coriaceous or leathery), leaf-base (cuneate to somewhat
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narrowed compared with rounded-cordate), and shape
(lanceolate-oblong to lanceolate compared with ovate-
lanceolate).

A. franguloides is only recorded from higher elevation and
drier habitats in Fiji. Its range in morphological characters
overlaps those of 4. zizyphoides, but the leaves and flower
parts of A. franguloides are generally smaller (i.e., the leaf
blade is 3-10 X 1.5—4 cm [1.2—4 X 0.6—1.6 in]) and the leaf
blade is usually acute at the base.

A. marquesensis is endemic to the Marquesas Islands. It can
be distinguished from 4. zizyphoides by the obtuse sub-
cordate leaf base, acute but not acuminate leaf apex, more
persistent tomentum, and larger flowers.

A. ponderosa is a rare but broadly scattered Hawaiian en-
demic found in dry forests at lower elevation on the six
main Hawaiian islands. It difters from 4. zizyphoides in its
larger, indehiscent (or slowly dehiscing) fruits 1418 mm
(0.6—0.7 in) in diameter.

GENETICS

Variability of species
'The species displays moderately high levels of morphologi-

cal variation for vegetative and floral characters. Smaller
growing forms have been reported from Niue and Fiji
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(with the latter described as 4. franguloides). The genetic
structure of populations of the closely related A. ponderosa
was examined by Kwon and Morden (2002).

Known varieties

No varieties or subspecies have been formally described.

ASSOCIATED PLANT SPECIES

Toi is a pioneer and early secondary species regenerating
following disturbance in different forest associations. It is
mainly found in secondary forest, but some large individu-
als can persist for many decades in closed forest types. It is
also found in gardens, recently fallowed areas, and mature
fallow forests and woodlands/savannas. In Fiji it is report-
ed to be locally abundant in both dense and drier forest
types, in scrub thickets, and on reed-covered hills. In the
Society Islands it is mainly found in lower montane forests
of medium stature.

Associated species commonly found

'The species occurs with a wide range of tree species associ-
ated with early succession forest.

Vanuata Endospermum  medullosum, Flueggea flexuosa,
Macaranga spp.

Fiji Endospermum macrophylla

Left: Seedling leaves, Santo, Vanuatu. Right: Seedling, Niue. proTos: L. THOMSON .



Tonga Bischofia javanica, Calophyllum  neo-ebudicum,
Canarium harveyi, Dendrocnide harveyi, Dysoxylum ton-
gense, Elaeocarpus tonganus, Elattostachys falcata, Fagraea
berteroana, Ficus spp., Maniltoa grandifolia, Podocarpus
pallidus, Pometia pinnata, Rbus taitensis, Santalum yasi,
Syzygium dealatum, and Tarenna sambucina.

Samoa Adenanthera pavonina, Bischofia javanica, Cananga
odorata, Dysoxylum spp., Elattostachys falcata, Garuga flori-
bunda, Hibiscus tiliaceus, Macaranga stipulosa, Neonauclea
forsteri, Rhus taitensis, and Zerminalia richii.

Society Islands (French Polynesia) Hernandia moeren-
houtiana, Metrosideros collina, Fagraea spp., Canthium spp.,
and Wikstroemia sp.

Wallis and Futuna Acalypha grandis, Cerbera mang-
has, Commersonia bartramia, Decaspermum fructicosum,
Geniostoma rupestre, Hibiscus tiliaceus, Homolanthus nu-
tans, Macaranga harveyana, Melastoma denticulatum, and

Morinda citrifolia.

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Climate

The climate in its native habitats is tropical, lowland to
lower montane, and humid. Tropical cyclones of varying
intensity, including the most severe categories, occur at pe-
riodic intervals in most parts of its range, mainly from No-
vember to March. Temperatures are warm to hot through-
out the year, and frosts are absent. Rain falls with a distinct
summer maximum from November to April. The period
from May to October is cooler and drier.

Elevation range

5—700 m (16—2300 ft)
Mean annual rainfall
1800—4000 mm (70-157 in)
Rainfall pattern

It grows in climates with a summer rainfall pattern.

Dry season duration (consecutive months with <40

mm [1.6 in] rainfall)

o—2 months

Mean annual temperature
24-26°C (75-79°F)

Mean maximum temperature of hottest month
29—32°C (84—90°F)

Mean minimum temperature of coldest month
17-24°C (63-75°F)

Minimum temperature tolerated

10°C (50°F)

Soils

The species has a very wide edaphic range, with best de-
velopment on fertile, well drained, medium-heavy, neutral,
triable volcanic ash soils overlying limestone.

Soil texture

Grows in light, medium, and heavy texture soils (sands,
sandy loams, loams, sandy clay loams, clays, clay loams, and
sandy clays).

Soil drainage

Toi requires free drainage.

Soil acidity

It prefers acid to neutral soils (pH 4.0—7.4).

Tolerances

Drought

It is likely that some populations that have evolved in
tougher, lower-rainfall sites and on shallow soils will be
tolerant of droughts lasting for several months.

Full sun

The tree is a pioneer species with most rapid growth in full
sunlight.

Shade

All age classes grow best in full sunlight, and are tolerant of
only light shade (e.g., up to 25% maximum)

Fire

No information available.

Frost

Likely to have limited or no frost tolerance (although the
related A. excelsa is exposed to several light frosts per year
in cooler parts of its Australian distribution).

Waterlogging

'The species is not found naturally on waterlogged sites and
accordingly is likely to have little tolerance of poor drain-

age.
Salt spray

It is sometimes found growing near to the sea (e.g., within
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Mature specimen showing good self-pruning characteristics in closed for-

est situation, Niue. PHOTO: L. THOMSON

100 m [330 ft]), and is likely to have moderately high toler-
ance of salt spray.

Wind
In Vanuatu, both saplings and trees in open areas have

been observed to have excellent tolerance of strong cy-
clonic winds.

Abilities

Regenerate rapidly

The species has the ability to regenerate rapidly on dis-
turbed, open areas, growing quickly in the first few years.
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Self-prune

Self-pruning varies with light regime. Trees
growing in open areas or on the forest edge
usually retain branches near ground level, and
these become quite thick with age. In shaded
situations and inside plantations the species has
excellent self-pruning characteristics.

Coppice
Unknown, but the related A. excelsa coppiced
poorly in trials in Queensland, Australia.

Pollard
The species is likely to pollard reasonably well.

GROWTH AND
DEVELOPMENT

On good sites (fertile soils and high rainfall),
toi displays rapid early height and diameter
growth.

Growth rate

On good sites height growth rates can reach
2—3 m/yr (6.6-10 ft/yr) in the first 3—4 years,
thereafter reducing to -2 m/yr (3.3-6.6 ft/yr).
On less fertile soils and more exposed coastal
sites early growth is about 1 m/yr (3.3 ft/yr).
At 8—9 years, toi attained an average height of
16—20.6 m (52—68 ft) and dbh of 20.6—21.7 cm
(8.1-8.5 in) with high survival (70—98%) in trial
plantings at Shark Bay Research Station, Santo,
Vanuatu (Smith 2004).

Yields

The yield of timber/wood is unknown, but is
likely to be in the range 12-16 m¥/ha/yr (171.6
fts/ac/yr).

Rooting habit

The rooting habit is unknown, but a related species, 4.
petriei, is reported to have a well developed taproot.

PROPAGATION

The main method of propagation is nursery production
of seedlings and transplanted wildlings. Cuttings of the
closely related A. excelsa strike readily, suggesting that veg-
etative propagation may also provide a useful means of
propagating selected germplasm of toi.



Seedlings

Seed collection

The mature dry fruits, with seeds showing, are collected
from the tree canopy, typically in August-September.
'There are 89oo dry fruits per kg (4000 fruits/Ib), with two
seeds per fruit.

Seed storage

The seed is orthodox and may be successfully stored for
many years in hermetically sealed containers under cool,
dry conditions.

Seed pretreatment

Soaking in water for 12—24 hours is reported to improve
the germination rate in older seed batches (e.g., more than
10 months old). For the closely related 4. ponderosa, nick-
ing or partial abrasion of the seed coat has been found to
speed germination.

Growing area

Seeds may be sown in trays in a protected, well lit or sunny
situation. They are covered with a thin (e.g., 2-3 mm [0.08-
o.12 in]) layer of sand, loamy soil, or potting medium.

Germination

Germination may commence about 7-16 days after sowing,
but some seedlots take several months to germinate. Seed-
lings should be pricked out and transplanted to individual
containers at the cotyledon or four-leaf stage.

Media

Seedlings grow well in a well drained and fertile soil (e.g.,
loam) or potting media.

Time to outplanting

Seedlings are ready for outplanting after about 16—20 weeks
in the nursery and when they are about 25 cm (10 in) tall,
with basal stem diameter of about 4—5 mm (0.16—0.2 in).

Guidelines for outplanting

Very good growth (>2 m/yr [6.6 ft/yr]) and high survival
(>95%) are expected from well hardened, healthy seedlings
planted early in the wet season.

DISADVANTAGES

The main limitations for this species are poor stem form,
heavy branching when planted in the open, the potential
for weediness, and limited awareness and appreciation of
the species in the timber and building industries.

Potential for invasiveness

The species is a potential invasive outside of its natural
range. Given that members of the A. excelsa group, includ-
ing A. zizyphoides, are widespread throughout the Pacif-
ic islands (and neighboring parts of Asia and Australia),
there is an opportunity to plant it (or a very similar species)
within its area of natural distribution and eliminate any
potential hazard as an environmental weed.

Susceptibility to pests/pathogens

There are no records of pests and diseases causing seri-
ous damage to plants of toi. Plants frequently suffer mi-
nor damage from leaf-eating insects, and leaf-spot fungi
may attack younger plants. Recorded diseases and pests
include nematodes (Ditylenchus sp., Helicotylenchus mucro-
natus, Meloidogyne sp., Paratylenchus tui and P brachyurus,
Radopholus similis, Xiphinema brevicolle, Xiphinema ensicu-
liferum), arthropods (Dysmicoccus nesophilus, Icerya seychel-
larum), and fungi (Mycovellosiella sp.).

Host to crop pests/pathogens

It is not known to be a host of any agricultural crop pests
or pathogens.

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Mulch/organic matter

Toi has not explicitly been planted to provide mulch, but
rapid growth, combined with a fairly quick turnover of
leaves in the canopy, would suggest that it has good po-
tential to build organic matter, especially if grown together
with legumes.

Weed control

On Santo (Vanuatu), mature stands of toi established at
closer spacings (e.g., 1000 stems per ha [405 stems/ac])
have greatly reduced or eliminated, presumably through
shading, the rampant native big-leaf vine, Merremia pel-
tata.

Crop shade/overstory

'The tree casts an intermediate level of shade, which would
be too heavy for most crop species but ideal for somewhat
shade-tolerant crops such as cardamom, cocoa, coftee,
Morinda, soursop, and Xanthosoma.

Alley cropping
Branches become heavy and wide spreading in open situ-
ations, and the species is considered unsuitable for alley
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cropping systems.

Homegardens

Toi is suitable for inclusion in homegardens, but it mainly
occurs in such systems as a result of natural regeneration
and not deliberate planting.

Improved fallows

'The species has excellent potential for planting or inclusion
in improved fallow systems due to its rapid regeneration
and biomass production. Its presumed deep rooting habit
would help facilitate cycling of mineral nutrients from
lower soil profiles.

Living fences
'The species is not known to be used for living fences and is

not well suited to such a purpose due to its spreading habit
(and inability to be grown from large branch cuttings).

Windbreaks

'The species has good resistance to cyclones and would be
well suited for inclusion as an upper-mid-level layer of
mixed-species windbreaks of wide dimensions (e.g., great-
er than 50 m [164 ft] across).

Silvopasture

The species is likely to grow well in silvopastoral systems
but would not have any specific advantages that would fa-
vor its use.

Animal fodder

The leaves and young shoots of closely related Alphitonia
species are consumed by cattle but have been found to have

-l.'-:":.- = 2P T

Fuelwood plantation trial of toi, Santo, Vanuatu. proTo: L. THOMSON
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low digestibility and nutritional status.

Woodlot

Toi has good potential for growing in larger woodlots,
mainly for production of sawn wood, fuel wood, and tradi-
tional medicines. A disadvantage of cultivation in smaller
woodlots would be the poor form of edge trees; for small
woodlots a different species could be planted for the outer
row(s).

Native animal/bird food

'The fruits are especially attractive to fruit-eating birds, in-
cluding pigeons.

Host plant trellising

'The species is not planted to provide trellising support for
climbing crops.

Bee forage

The related A. excelsa is reported to be a good source of
nectar for bees.

Fish/marine food chain

The crushed leaves and fruits of the related A. excelsa were
used as a fish poison by Australian aborigines.

Coastal protection

The species is not generally planted for coastal protection
but could be used in mixed plantings for such purposes.

Ornamental

Toi is an attractive, fast-growing, and moderately long-
lived tree with good ornamental potential.

USES AND PRODUCTS

Toi is a widespread, moderately abundant tree
that is highly regarded as a source of timber,
fuelwood, and traditional medicine, both in
former times and today. The timber is used in
house construction and for the manufacture of
tools, weapons, and handicrafts. Toi is one of
the premier fuelwoods of the Pacific islands;
its habit of shedding dried, lateral branches
provides a convenient source of high-qual-
ity fuelwood. It is one of the most important
species in traditional medicine, and its bark is
widely used in various herbal remedies, often in
combination with other species, for treatment
of a wide range of ailments. The leaves may be
crushed and rubbed in water to provide a soap
and shampoo, but this use has been largely sup-



planted in post-European times with the ready availability
of soap and shampoo.

Medicinal

'The bark is boiled, often along with the bark of other tree
species, to produce a decoction for treating numerous
ailments (including stomachaches, constipation, coughs,
headaches, menstrual pain, prolapsed rectum in postpar-
tum women). The sap is used to treat earache, swelling, fe-
ver, and cancer. A phenolic compound in the bark, alphitol,
has been shown to have anti-inflammatory activity.

R L f

Bark, Santo, Vanuatu. pHOTO: L. THOMSON

Timber

'The wood is used for house construction (including build-
ing members, posts, flooring moldings, and paneling) and
furniture.

Fuelwood

'The wood makes an excellent fuelwood and is a preferred
species for such purposes. The naturally shed lateral
branches are ideal for burning.

Craft wood/tools

Used throughout Polynesia to make tools (such as tapa
mallets and digging sticks), tool handles, weapons (clubs
and spears), and carved artifacts (including kava bowls).

Canoe/boat/raft making

The wood was used for making both canoes and canoe

paddles.

Cosmetic/soap/perfume

'The crushed leaves foam up in water and were commonly
used as a soap. The leaves and flowers, together with those

of Colubrina asiatica and Citrus macroptera, were used to
make a shampoo in Samoa.

Other

Fruits of the closely related A. excelsa are reported to be
eaten by Australian aborigines.

COMMERCIAL CULTIVATION

'The species is mainly used in the local subsistence economy
and is yet to be grown and traded on any large commercial
scale. The three commercial products are timber, fuelwood,

and bark.

Timber The species produces an attractive, reddish-brown,
medium-density hardwood (air-dry density is 610 kg/ms
[38 Ib/ft3]). The wood has good technical properties, and is
easy to saw, finish, and season. The sapwood is immune to
Lyctus attack, but the heartwood is not durable and is not
recommended for use in high-decay situations, including
ground contact.

Fuelwood The wood dries quickly and burns moderate-
ly quickly, producing good heat. Accordingly the branch
wood (and trunk) is a highly preferred fuelwood. In some
areas, such as on Santo in Vanuatu, the wood is collected,
bundled and sold as fuelwood in local markets.

Bark The bark is cut and peeled from trees and commonly
used in traditional medicines throughout it native range. In
Tonga the bark is collected from trees on the outer islands,
such as ‘Eua, for supply and use in traditional medicines
on Tongatapu (where the tree is now almost eliminated by
overharvesting).

Spacing

For joint production of timber, fuelwood, and medicine, a
close, initial spacing is recommended in order to encourage
a straight bole form and self-pruning. The area required for
semi-commercial production and local home use for tim-
ber, fuelwood, and medicine, would be o.1-1 ha (0.25-2.5
ac). For larger scale commercial production of a general-
purpose or utility sawn timber, a much larger plantation
area of several hundred to several thousand hectares may
be needed to supply a modern sawmill.

Management objectives

Weeding should be undertaken frequently, as needed, in
the first 2 years prior to canopy closure. From about age
3—6 years, the smaller or misshapen trees could be commer-
cially thinned to provide fuelwood and the bark stripped,
dried, and used/sold for medicine.
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Left: Toi plantation, Santo, Vanuatu, showing reasonably good bole form and self pruning of inner rows. Right: A volunteer toi

e S e Gy by E

in an agroforestry setting in Samoa growing among root, fruit tree, and timber crops. PHOTOS: L. THOMSON

Growing in polycultures
The species appears to grow well in monocultures. The

form of border trees is poor and accordingly it is preferable
to plant outside edges with a different species.

Estimated yield

'The yield of timber/wood in both monoculture and mixed
systems is unknown, but is likely to be in the range 12-16

m¥/ha/yr (172—229 ft/ac/yr).

INTERPLANTING/FARM
APPLICATIONS

Example system

Location

Various islands of Vanuatu.
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Description

In the traditional system of managed natural regeneration,
the straightest and best-formed saplings are weeded to
keep them free of climbers and occasionally high-pruned
to produce clear boles.

Crop/tree interactions

Trees provide some shelter and protection for surrounding
crops, including crops such as banana.

Spacing/density of species
Spacing is variable, with 5—50 trees per hectare (2—20 trees/
ac).

PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Extension offices for agroforestry and forestry in the Pa-
cific: http://www.traditionaltree.org/extension.html


http://www.traditionaltree.org/extension.html
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Areca catechu (betel nut ‘Palm)
Arecaceae (Arecoideae), palm family

betel nut palm, areca, areca-nut (English); pugua (Guam), poc (Pohnpei), pu (Chuuk), bu (Yap), bua (Palau), buai
(New Ireland: Kuanua), buei (New Ireland: Pala), vua (New Ireland: Lamekot)

George W. Staples and Robert F. Bevacqua

IN BRIEF

Distribution Widely distributed in East Af-
rica, South Asia, and Pacific islands.

Size Slender palm typically reaching 1020 m |
(33-66 ft) tall; can reach 30 m (100 ft).
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Habitat Tropical everwet climates with evenly
distributed rainfall of 1500-5000 mm (60—200 |+
in); prefers elevations o—9oo m (0—2950 ft). L
Vegetation Generally found in cultivation to- g
gether with other cultivated species or semi-wild “3%&,
together with wet climate flora.

Soils Adapted to a wide range of soil types, al-
though thorough drainage and high moisture- '
holding capacity are required.

Growth rate Moderate, about 0.5 m/yr (20 in/
yI).

Main agroforestry uses Crop shade, homegar- | ]
den.

Main products Seeds (masticant).
Yields Kernel yield is estimated at 2.5-8 kg per
palm (5.5-17.6 Ib/palm) annually.

Intercropping Frequently grown together with
short- and long-term crops.

Invasive potential Although it can spread by
seed, it is not considered to be an invasive spe- ¥
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Betel nut in homegarden near Ang i(lor Wat, Cambodia.




INTRODUCTION

Betel nut (Areca catechu) is a slender, single-trunked palm
that can grow to 30 m (100 ft). It is cultivated from East
Africa and the Arabian Peninsula across tropical Asia and
Indonesia to the central Pacific and New Guinea. The
“nut” (actually the seed endosperm) is chewed as a stimu-
lant masticatory by 5% of the world’s population, making
it more popular than chewing gum but not as popular as
tobacco. Use of betel nut is often culturally or socially ritu-
alized, and there are elaborate ceremonies attending its use
in various Asian and Pacific cultures. At the same time,
betel chewing is stigmatized by Western cultures that find
the red saliva and blackened teeth resulting from regular
use (not to mention the spitting out of the copious red
saliva) to be esthetically disgusting.

In the Pacific, betel nut is grown for local consumption and

is a significant item in intra- and interisland trade. Pacific-
grown betel nut does not, however, reach the large markets

of South Asia and for this reason could not be considered

a commercial export of international importance.

Chewing betel nut is a popular pastime in some of the
Pacific islands such as in Micronesia, Fiji, Solomon Islands,
etc. It is an old tradition, enjoyed by islanders of both gen-
ders, that provides mild stimulation and a sweetening of

the breath.

On the island of Guam, for example, betel nuts are typi-
cally gathered from semi-wild trees in ravine forests and
distributed through extended families or sold in village
stores. Commercial demand for the nuts is increasing as
this traditional supply dwindles. This easily grown palm
has the potential for being a profitable crop for farmers as
well as backyard gardeners.

In India and Pakistan, by comparison, betel nut is con-
sumed in quantities greater than local production can
supply, and it is imported in large quantities annually. The
annual commercial value (circa mid-1990s) was estimated
in the hundreds of millions of dollars. The palms require
an environment with evenly distributed rainfall (or irriga-
tion), and even temperatures within 15.5-38°C (55-100°F).
'The palms are unable to withstand extreme temperatures or
wide variance of daily temperature. Betel nut is now grown
worldwide: where it is not used as a stimulant, the palms
are grown as ornamentals. Although not recommended for
use due to health risks, the plant nevertheless has a long
history of cultural importance in many parts of the world,
and this will likely continue.
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DISTRIBUTION

Native range

Unknown in the wild, betel nut is a cultigen that exists only
where humans grow it. An origin in the Philippines has
been postulated. Many other areas have been suggested as
the original homeland, including South or Southeast Asia.

Current distribution

From SE Asia, betel nut was distributed by indigenous
peoples throughout tropical Asia as far as East Africa
and the Pacific well before the arrival of Europeans in
the region. The palm was distributed to the Pacific islands
aboard sailing canoes by the prehistoric ancestors of the
Micronesians who explored and settled the islands of the
western Pacific.

Betel nut is today grown in East Africa, Madagascar, Ara-
bian Peninsula, India, Sri Lanka, Bangladesh, Myanmar,
'Thailand, Cambodia, Laos, Vietnam, southern China, Ma-
laysia, Indonesia, Taiwan, and the Philippines. In the Pacific
Basin it is grown in Papua New Guinea, Solomon Islands,
Fiji, Micronesia (Guam, Palau, Pohnpei, Saipan, Tinian,
Rota, Chuuk, Yap), and Vanuatu. It can also be found on
some atolls such as Mwoakilloa in Pohnpei State. In the
CNMLI it is also found on Pagan, Agrigan, Alamagan, and
Anatahan. It has also been recorded as being present on
Jaluit Atoll in the Marshall Islands. In Hawai‘i it is grown
mainly as an ornamental.

BOTANICAL DESCRIPTION

Preferred scientific name

Areca catechu Linnaeus

Family

Arecaceae (Palmae), palm family

Subfamily

Arecoideae

Non-preferred scientific names (synonyms)

Areca cathecu Burman, Areca faufel Gaertner, Areca hortensis
Loureiro, Areca himalayana H. Wendland, Areca nigra H.
Wendland

Common names

betel nut, areca, or areca-nut palm (English)
pugua (Guam)

poc (Pohnpei)

pu (Chuuk)



bu (Yap)

bua (Palau)

buai (New Ireland: Kuanua)

buei (New Ireland: Pala)

vua (New Ireland: Lamekot)
angiro (Solomon Islands: Kwar‘ae)

Several of the common names in the Pacific are derived
from the widespread pidgin English name buai.

Common names in other regions include:

arec cachou, Arequier (French)

Betelnusspalme (German)

boa (Bali)

bod, boriga, bud, buriga, hiyos, takobtob (Philippines)
palma catechou (Spanish)

pan (India)

puak (Sri Lanka)

Description

Betel nut is a slender, single-trunked, monoecious palm
with a prominent crown shaft.

Size

The palm reaches a mature height of 10—20 m (33-66 ft)
(exceptionally up to 30 m [100 ft]), with a trunk 25—40 cm
(10-16 in) in diameter. Typhoons and tropical storms usu-
ally prevent the trees from reaching their maximum height.
The canopy is typically 2.5-3 m (8-10 ft) in diameter and
consists of 8-12 fronds.

Flowers

Flowers are unisexual, with both male (=staminate) and
female (=pistillate) flowers borne in the same inflorescence.
Inflorescences are crowded, much-branched panicles borne
below the leaves. Each terminal branch has a few female
flowers borne at the base and numerous male flowers ex-
tending from there out to the branch tip. Flowers of both
sexes have six tepals, are stalkless (=sessile), creamy-white,
fragrant; male flowers are minute, deciduous, have six sta-
mens, arrowhead-shaped anthers, rudimentary ovary; fe-
male flowers are larger (1.2—2 cm [0.5-0.8 in] long), with
six small sterile stamens and a three-celled ovary bearing a
triangular stigma with three points at the apex.

Leaves

Fronds are even-pinnately compound, r—1.5 m (3.3—5 ft)
long; pinnae (leaflets) 30—50, lanceolate, 30—70 x 3—7 cm
(12—28 x 1.2—2.8 in), longest near middle of frond; frond
base sheathing, encircling trunk and forming a green
crown shaft, ca. 55 x 15 cm (22 x 6 in).

Top: Inflorescence. proro: M. MerLIN Bottom: New inflores-
cence showing both female (large) and male (small) flower
buds. pHoTO: E. BURSON
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Fruit

A fibrous, ovoid drupe, 5-10 X 3—5 cm (2—4 x 1.2—2 in), yel-
low to orange or red when ripe; pericarp fibrous, ca. 6 mm
thick. Seed usually 1, ovoid, globose, or ellipsoidal, 3—4 x
2—4 cm (1.2-1.6 X 0.8-1.6 in), base sometimes flattened;
endosperm ruminate (with hard reddish tissue from in-
ner integument extending horizontally into pale brown
endosperm); embryo conical, located at seed base.

How to distinguish from similar species/look-a-

likes

Betel nut has a single, slender trunk, green aging to gray,
with prominent white leaf scars, bright green crown shaft,
pinnately compound fronds, and red-orange fruits.

'The Chinese betel nut or Manila palm (Veitchia merrillii)
is often confused with Areca catechu. The Chinese betel nut
palm differs from Areca catechu in having a thicker trunk
and dense clusters of bright red fruits. It is a popular land-
scaping tree and can be commonly seen in parks, along
roadways, and in homegardens. The fruits can be used for
chewing when ripe, although they are an inferior substi-
tute for betel nut.

Characteristic leaf scars of betel nut palm trunk. raoro: c.
ELEVITCH
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GENETICS

Variability of species
Betel nut shows considerable variation. Several botanical

varieties have been described. No breeding work has been
done to select for improved cultivated varieties.

Known varieties

In the Pacific islands, betel nut palms are grouped into two
cultivars: red and white. In the Northern Marianna Islands
and Guam, these two cultivars are called ugam (red) and
changnga (or changan) (white). There are similar locally
used vernacular names referring to variants in form, size,
and color of the nuts throughout the area where betel nut
is grown, but no formal cultivar nomenclature exists. The
colors refer to the seed kernel colors. Red seed varies from
red to deep purple in kernel color. White seed varies from
off-white to deep tan kernel color. The roots of white types
have a reddish/pinkish tinge beneath the inner root bark.
The red is preferred for chewing and commands a higher
price in the market. The white is much less desirable. The
red and white seeds come from seemingly identical trees,
i.e., except for differences in the seed kernel and root sap
colors, it is virtually impossible to distinguish between the
two types. Growers considering planting of betel nuts for
should plant seeds from confirmed red types.

Culturally important related species in the genus

There are more than 50 species of Areca, and some produce



useful products such as edible palm cabbage, and a number
of species are horticulturally valuable. The seeds of many
other palms, including at least eight species of Areca, are
used as inferior substitutes for Areca catechu. No other cul-
turally significant species are known in the genus Areca.

Genetic resources where collections exist
“The Regional Station of the Central Plantation Crops In-

stitute, Vittal, India, maintains a germplasm collection of

A. catechu and related species from within the country as
well as from Sri Lanka, southern China, Thailand, Ma-
laysia, Singapore, Indonesia, the Philippines, Fiji, Solomon
Islands, and Mauritius. Sixteen exotic accessions have been
evaluated for yield in a long-term comparative trial, from
which three accessions with high yield potential were re-
leased. None of the available cultivars has shown tolerance
of yellow leaf disease, which makes identification of disease-
tolerant genotypes a priority.” (Brotonegro et al. 2000).

No germplasm collections have been established for betel
nut palm in the Pacific. Little selection or improvement
work has been documented. The palms are open-pollinat-
ed and rather variable, with most growers selecting seed
from trees with desirable qualities for propagation pur-
poses. Efforts at interspecific hybridization (4. catechu x
A. triandra) failed because the hybrid progeny were sterile
and it proved impossible to establish forms with desired
characteristics of both parent species.

Associated plant species

Betel nut palm was introduced to the Pacific before the
advent of Europeans. It is grown around homesteads and
farms or in plantations where it is associated with other
cultivated plants or those typically found in disturbed
sites.

A very important associated species is betel pepper vine
(Piper betle), which is grown for its leaves. The leaves of the
betel vine are used as the wrapper when preparing a quid
of betel nut with lime, tobacco, or other ingredients.

ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Climate

Betel nut palm is ideally suited for tropical everwet cli-
mates (humid tropical lowland, maritime tropical, subtrop-
ical wet, tropical wet forest) with high rainfall that is even-
ly distributed throughout the year. In areas with a seasonal
dry period, irrigation must be provided to assure evenly
distributed moisture year-round. These palms are unable to

Leaves of betel vine (Piper betle). proTo: c. ELEVITCH

withstand extreme temperatures or a wide variance of daily
temperatures. They thrive best at low altitudes; above goo
m (2950 ft), flowering and fruit production are adversely

affected.

Elevation range

0—9oo m (0—2950 ft)

Mean annual rainfall

1500—5000 mm (60—200 in)

Rainfall pattern

It prefers uniform distribution of rainfall throughout the
year.

Dry season duration (consecutive months with <40
mm [1.6 in] rainfall)

None, it requires uniform moisture year-round.
Mean annual temperature

21-28°C (70-82°F)

Mean maximum temperature of hottest month

38°C (100°F)

Mean minimum temperature of coldest month

16°C (60°F)

Minimum temperature tolerated

Unknown, very cold sensitive

Soils

Betel nut palm grows in many types of soils varying in tex-
ture from laterite to loamy, provided the soil has thorough
drainage, yet has the ability to retain optimum moisture. It
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thrives on deep (3 m [10 ft]) clay loams, often in valley bot-
toms where topsoil accumulates along water courses. Light
and sandy soils are unsuitable unless copiously irrigated
and manured.

In the Pacific islands, the palm does best in volcanic clays
but can also be grown in coralline soils. Natural fertility
is not a critical factor. More important is the soil’s capac-
ity for thorough drainage during the wet season. The most
desirable soils are rich in organic matter.

On Mwoakilloa Atoll, the species is grown in sands heavily
mulched with organic matter.

Soil texture

Betel nut palm prefers soils with medium texture, loams
and sandy clay loams.

Soil drainage

Thorough drainage with high moisture retention is essen-
tial.

Soil acidity

Betel nut palm thrives in a pH range of 5.0-8.0 (mildly
acidic to weakly alkaline).

Other soil tolerances

In the Northern Marianna Islands (Saipan, Tinian) betel
nut palm is grown in soils as shallow as 3060 cm (1—2 ft)
deep, over solid limestone. While not ideal for growth and
nut production, trees will grow and bear if the grower pro-
vides adequate moisture, fertilizer, and spacing.

Tolerances

Drought

Betel nut has poor drought tolerance.

Full sun

'The palm requires full sun once out of the juvenile phase.

Shade

Seedlings require 50% or more shade to protect from sun-
burn. Juvenile palms are often planted out under bananas,
which provide sun protection until the palms grow taller
than the bananas.

Waterlogging

Despite a strong ecological preference for moist to wet en-
vironments, betel nut palm does not tolerate waterlogged
soils.

Salt spray

Betel nut is not salt tolerant.
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Wind

It has low tolerance for wind.
Abilities

Self-prune

Mature fronds are shed after 2 years; betel nut palm is con-
sidered a “self-pruning” palm species.

Coppice
Palms are incapable of regeneration: if the terminal bud is

cut off, the palm dies.

GROWTH AND DEVELOPMENT

Germination is complete by go days after planting seeds;
at this time seedlings have the first bifid (forked) leaf and
five roots. A 1-year-old seedling has 4 or 5 leaves. Growth
rates vary, and it requires 3—24 months (rarely up to 4 years)
before seedlings are ready to transplant to nursery beds. A
trunk is formed in the third year. An adult palm produces
about six new leaves per year, carries a crown of 8-12 leaves,
and drops a mature leaf after a life span of about 2 years.
The rate of growth in height is about 0.5 m/yr (20 in/yr).
'The life span of a betel nut palm is 60—100 years.

Flowering and fruiting

Flowering begins at 46 years of age; trees begin to bear at
7—8 years, reach full bearing at 1015 years, continue to yield
until ca. 40 years, then persist in a sterile state until death.
'The first inflorescences may contain only male flowers and
consequently do not produce nuts. A mature tree in full
bearing can have inflorescences containing up to 644 fe-
male and 15—48,000 male flowers (Murthy 1977). The male
flowers open first. Their sweet scent attracts honeybees and
other insects, but these insects do not frequent the female
flowers and thus their role as pollinators is doubtful. Sever-
al days after the last male flower is shed, the female flowers
open. They are fertilized by pollen that is wind-transported
from neighboring trees.

Seasonality of flowering depends on location: in Malesia
the palms flower year-round; in India they flower Novem-
ber-February. No data are recorded on seasonality of flow-
ering in the Pacific.

Rooting habit

'The root system is dense, fibrous, with most roots concen-
trated in a 1 m (3.3 ft) radius from the trunk and in the top
60 cm (2 ft) of soil. Primary roots are ca. 1.4 cm (0.6 in) in
diameter, turning dark brown with age, and branch to give
secondary and tertiary roots. Root hairs are absent; absorp-



tion takes place through thin-walled cells behind the root
cap. Aerial (adventitious) roots are occasionally produced
from the base of the trunk. In plantation culture adven-
titious (“prop”) roots are encouraged by deep-planting
seedlings (9o c¢m [3 ft] below ground level), then gradually
adding earth around the base of the palm, inducing root
formation at the buried nodes.

Reaction to competition

Newly-planted trees compete poorly with weeds. For this
reason, early weed management is extremely important in
establishing new plantings.

PROPAGATION

Betel nut palm is only propagated by seed, and while the

same basic requirements are involved, the methods depend

on the number of palms desired. Large plantations of betel

nut palm are grown in India and Taiwan, where mother tree

and seed selection are apt to be practiced, and mass propa-
gation is organized. Carefully selected seeds are planted in

shaded beds or pits until they germinate, then seedlings

are transplanted to nursery areas for growing on. Seedlings

with five or more leaves are planted out at an age of 12—24
months. Seedlings require shade initially, so intercropping
with banana or other crops is often practiced.

In Indonesia, Malaysia, SE Asia, the Philippines (and
presumably most Pacific islands), betel nut is most often
cultivated around homesteads in field borders and along
irrigation channels. In Indonesia, villagers often collect
volunteer seedlings from fruits dropped by bats and squir-
rels or by digging and transplanting seedlings from around
established trees. The same practices may be followed by
Pacific islanders growing betel nut palm for home con-
sumption.

Propagation by seed

Seed collection

Betel nut palms are always propagated from mature fruits.
The best seed comes from healthy trees with a history of
producing desirable nuts. Only the largest, fully-ripened
fruits should be planted. It is best to cut open several ker-
nels (endosperm of the seed) to ensure they possess the red

flesh preferred for chewing.

Fruits are harvested when bright red or yellow to yellow or-
ange in some regions (such as Guam). Fruits are harvested
either by climbing the tree and cutting the fruit cluster off,
or by using a long bamboo pole with a sharp knife attached.
Fully mature, heavy fruits that float vertically in water with
the calyx end upward give a high germination rate and vig-

orous seedlings. In places where selection is practiced, the
choice of mother tree is believed critical, criteria of impor-
tance are early and regular bearing, large number of leaves
in the crown, short internodes in the trunk, and high fruit
set. In Saipan it is critical to avoid mother trees that show
any symptoms of bacterial or viral diseases; these can be
passed on to offspring through propagation. In southern
India and Malaysia, fruits are gathered from 25—30-year-
old trees. In some cases the middle bunch of fruits is cho-
sen for seed; in other cases the last bunch of the season is

preferred.

Seed processing

Mature seeds of betel nut palm are sown as whole fruits.
In some places the whole fruit is planted immediately after
harvesting; in others the fruit is dried in sun for -2 days;
in others the fruits are dried in shade for 3—7 days.

Seed storage

Like many tropical species, betel nut palm seed cannot be
stored for more than a few days without losing viability.
Planting within 7 days after harvest is the norm.

Pre-planting treatments

No pre-planting treatment is practiced. Fruits are planted
whole, with the husk. Drying fruits before planting does
not increase seed germination rates. There is no mention
in the literature of scarification, hormone treatments, or
tungicide use.

Growing area

Betel nut palm is rarely direct-seeded in the ground. The
normal practice is to sow seeds in shaded germination ar-
eas, then transplant the germinated seedlings into nurser-
ies for 1—a(—4) years before final planting out in the field.
Seeds may be sown in groups of 20—50 in shallow pits, 2.5
cm (1 in) apart and covered with sand; in rows 15—22 cm
(6—9 in) apart; or tied up in plantain leaves in rich moist
soil and germinated.

In Saipan and Tinian the recommended technique is to
sow seed in flat boxes sandwiched between layers of coco-
nut husk with daily watering. Once seedling leaves appear
above the husk medium, transplant into individual plas-
tic bags using potting soil as a medium. Nursery areas are
often located under established bananas, which shade the
betel nut seedlings.

Germination

Germination is completed about go days after sowing, at
which time the seedlings have one bifid (forked) leaf and

five roots. The germination rate is usually over 9o%.
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Media/containers

Seeds may be sown in sand, coconut husk, or rich moist
soil. When planted individually or in small groups, con-
tainers made from plantain leaf or plastic bags are used.
When mass-sown, beds or pits dug in the ground are more
efficient. Seedlings are transplanted after sprouting into
nursery beds or individual gallon plastic bags, in soil. Nurs-
ery beds are typically 30 x 30 cm (12 x 12 in) wide with three
rows per bed.

Time to outplanting

Growth rates of seedlings are variable. Transplanting from
nursery bed to field typically takes place at 1—2 years (al-
though this ranges from 3 months to 4 years). Seedlings
should be selected for quick germination and vigor; it is
best to cull out slow-growing seedlings.

Approximate size at time of outplanting

Seedlings should bear five leaves at the time they are plant-
ed out in the field; no trunk is present at this early stage. A
ball of earth around the roots is transplanted from nursery

bed to field.

Other comments on propagation

Nursery beds may be located under banana, which shade
seedlings until they reach a size suitable for planting out.
Newly established beds are mulched with leaves, cattle ma-
nure, wood ashes, or groundnut (peanut) cake. Likewise in
the field, intercropping with banana (or other crops) pro-
vides shade; otherwise coconut palm fronds are propped
up around the seedlings to protect from sun scorch until
they are established. Volunteer seedlings, if available, can
be carefully transplanted.

8 Areca catechu (betel nut palm)
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Guidelines for outplanting

At 12-18 months of age, seedlings are transplanted into the

field at the start of the wet season. The hole should be at

least 50 cm (18 in) deep and 50 cm (18 in) wide. The bottom

portion of the hole should be filled with a mixture of 2.3—
4.6 kg (5-10 Ib) of organic matter in the form of compost

or composted chicken manure, one-half pound of fertilizer
rich in phosphorus, such as 10:30:10, and top soil. Deep-
planting seedlings—at a depth of 9o cm (3 ft)—allows for
gradual piling of earth around the trunk base; the covered

nodes produce adventitious roots resulting in firmer an-
chorage and larger root volume.

The desired spacing between palms is 2.7 x 2.7 m (9 x 9
ft) (Bhat 1978) or 2.4 x 3 m (8 x 10 ft) (Shetty 1949). These
spacings will result in 1130-1350 palms/ha (538—545 palms/
ac). Proper spacing is important, as it allows air circula-
tion between trees, which discourages diseases which can
attack the emerging flowers or developing fruits. Young
plantings require regular weeding and mulching as well as
fertilization with organic matter, compost, or cattle ma-
nure. Outplanting is carried out in the rainy season unless
irrigation is available to assure a steady water supply dur-
ing establishment. In windy areas, windbreaks should be
planted along orchard boundaries to minimize wind dam-
age and sun scorch.

DISADVANTAGES

Betel nut use as a stimulant presents significant health
risks. Growing betel nut as a cash crop instead of food
or other commercial crops has been criticized. There are
significant problems in matching supply and demand: the
greatest consumption of betel nut occurs in India and Pak-



istan, which are net importers of fresh and processed nuts.
Pacific growers have no ready access to this market and
probably they cannot fill their own domestic or regional
demand.

Potential for invasiveness

Betel nut is not invasive, although it is often spontaneous
and occurs in secondary forests, but never far from cultiva-
tion or sites where the palms were formerly cultivated. In
Sri Lanka it persists in moist valleys near former habita-
tions, where it forms naturalized groves. It does not spread
readily, likely due to lack of a suitable dispersal agent for
the large fruits and seeds.

Susceptibility to pests/pathogens
Yield is directly linked to the health and number of fe-

male flowers. These flowers are very susceptible to insect
pests and diseases. The delicate flowers and newly forming
fruits are most susceptible in the weeks following pollina-
tion. Growers are encouraged to regularly survey emerging
flower clusters and to identify the pests and pathogens that
threaten them. Minor threats can be tolerated, but seri-
ous threats may require the application of insecticides and
fungicides.

The two most serious fungal diseases are Phytophthora
arecae (or P omnivorum var. arecae, Koleroga disease, a
fruit rot), and Ganoderma lucidum (foot rot). Other fun-
gal diseases include Alternaria tenuis, Aspergillus niger are-
cae, Botryodiplodia theobromae, Brachysporum arecae, Cera-
tostomella paradoza, Colletotrichum acutatum (=C. catechu,
anthracnose), Coniothyrium arecae, Dendryphium catechu,
Exosporium arecae, Gloeosporium catechu, Lenzites striata,
Lichenophoma arecae, Melanocomium palmarum, Montag-
nellina catechu, Mycosphaerella sp., Nigrospora sphaerica,
Phomopsis sp., Phyllosticta arecae, Polyporus ostreiformis, P
zonalis, Stagonospora arecae, Theilaviopsis paradoxa, Torula
herbarum, Ustulina zonata. 'The bacterium Xanthsomas vas-
culorum attacks betel nut palm. Nematodes that attack be-
tel nut include Rozylenchus sp., Tylenchorhynchus dactylarus,
Tylenchus sp., and Xiphinema insigne. Insect pests include
Orcytes rhinoceros (rhinoceros beetle), Nephantis serinapa
(leaf-eating caterpillar), Arceerns fasciculatus (borer), Rhab-
doscelus obscurus (New Guinea sugarcane borer), Aspidio-
tus destructor (coconut scale), spiraling whitefly, coconut
hispine beetle or brontispa beetle, caseworm or bagworm,
mealybugs; white ants and mites cause minor damage.

Host to crop pests/pathogens

Several pests of betel nut palm also attack other crop plants,
among them coconut rhinoceros beetle (affects coconut
palm, date palm, sago palm), coconut scale (banana, pa-

paya, guava, avocado, cacao, cassava, tea, breadfruit, sugar-
cane, cotton, rubber), and New Guinea sugarcane weevil
(sugarcane, coconut, papaya).

Other disadvantages

Heavy use of betel among humans causes serious health
problems including permanent discoloration of the teeth,
oral leucoplakia, submucous fibrosis, and squamous cell
carcinoma (Norton 1997).

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Mulch/organic matter

In Taiwan fallen, dried fronds and flower spathes are
burned in the margin of plantations, where the ashes re-
new the soil.

Pest control

Betel nut is used as a vermifuge in humans and animals.
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Crop shade/overstory

A variety of crops are grown under betel nut palm: annu-
als and biennials in short-term rotation; cardamom, cacao,
banana, and fruit trees in permanent rows between palms.
It is customary to interplant betel nut seedlings among 20-
year-old palms so that a new generation will replace older
palms as they stop bearing; if this practice is repeated sev-
eral times without thinning, an old plantation may contain
as many as 2500 palms/ha (1000 palms/ac).

Homegardens

In many parts of the world betel nut palm is planted
around homesteads for home consumption of nuts. It is
often interplanted with fruit trees at the margins of fields
and along paths and irrigation channels.

Boundary markers

In Sri Lanka betel nut palms are often grown as boundary
markers.
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Left: Betel nut palms serving as trellis for Piper betle. Betel nut palm research center in Kerala, India. proTo: m. MerLIN Right:

Animal fodder

Grasses (e.g., Guinea grass [ Panicum maximum]) are some-
times interplanted with betel nut palm for animal fodder.

Woodlot

Thinning old betel nut palms provides a source of trunks
for fuel and for crude construction.

Host plant trellising
Black pepper (Piper nigrum) or betel pepper (P, betle) vines

are often trained on the trunks of betel nut palms in India.

Bee forage

'The male flowers are visited by bees.

Ornamental

In southernmost Florida, Hawai‘i, and many tropical plac-
es the palms are grown as ornamentals.

S . v - Pk

Young palms growing on the border of a vegetable garden. Kona, Hawai‘i. proTo: . ELEVITCH
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USES AND PRODUCTS

Betel nut palm yields diverse products that are used
throughout its range. In addition to the well known stimu-
lant properties, the seed is used medicinally in numerous
internal and external preparations. The husks, shoots, buds,
leaves, and roots also have local medicinal uses. The fibrous
fruit husks stripped from the seed have many uses, includ-
ing as a home fuel source. The trunks of culled trees are
used for crude construction; the fallen fronds are used in
making alcohol; the spathes and leaf sheaths are used in
wrapping, packing, and as hats and sandals. The inflores-
cences and flowers are used ceremonially in diverse cul-
tures.

Nut/seed

This provides, fresh or dried, ripe or unripe, the betel nut
that is chewed as a stimulant narcotic. Betel nut is com-
mercially important in South Asia and locally important in

the Pacific and many other tropical Old World areas.

Leaf vegetable
The terminal bud (palm cabbage or palm heart) is edible,

although bitter. In Java it is eaten as lalab or made into
pickles. In the Philippines the cabbage is eaten raw as salad,
or cooked. The tender shoots are eaten after cooking in

syrup.
Other vegetable

In the Philippines the flowers are sometimes added to sal-
ads.

Medicinal

'The nuts, husks, young shoots, buds, leaves, and roots are
used in various medicinal preparations.

Masticant/stimulant

The fresh or dried endosperm of the seed is the betel nut
of commerce. The betel quid (wad of chewable ingredi-
ents) includes the fresh or dried seed of betel nut, a fresh
leaf of betel pepper (Piper betle), a dab of slaked lime, and
various flavorings (cutch, cardamom, clove, tobacco, or
gambier). Eight closely related alkaloids are responsible
for the stimulant effect; the alkaloid levels are highest in
the unripe fruit and this may be why some cultures prefer
the unripe nuts for consumption: they give a better buzz.
Note that when chewed for the stimulant effect betel quid
is never swallowed and the copious saliva resulting is spat
out. However, when used medicinally betel nut may be
taken internally. One of its effects is a powerful stimulus to
intestinal peristalsis; betel nut is used to treat a long list of
ailments. The Indian pan (pronounced pon) is a common

] . i i : L
House made from betel nut palm in grove; all parts of the
house are made out of betel nut palm, including trunks for
posts and beams. Photo taken at a betel nut palm research
center in Kerala, India. pHoTo: M. MERLIN

after-dinner treat, acting against post-meal lethargy and
as a digestif.

Beautiful/fragrant flowers

'The fragrant flowers are used in weddings and funerals in
some SE Asian countries.

Timber

The trunks of culled trees provide a source of construc-
tion material. Either split or whole they are used for rafters
and for wattle in house construction; they are used in con-
structing elaborate crematory and temporary structures.

Fuelwood

Fallen fronds, bracts, inflorescences could be used for fuel;
culled trees could be used as firewood. In practice, the
husks removed from the fruits during processing are used
as domestic fuel after drying.
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Fiber/weaving/clothing

The tough leaf bases are used in hats, inner soles for slip-
pers, and is an excellent paper pulp source. Husks are used
for insulating wool, boards, and for manufacturing furfural
(a solvent). In the Philippines the husk is used to make
toothbrushes.

Wrapping/parcelization

The leaf sheaths and spathes are used as wrapping and as
a substitute for cardboard packing material. In the Philip-
pines the leaf sheaths are used to make book covers. In
Sri Lanka the leaf sheaths are used as plates, bags, and for

wrapping.
Tannin/dye

Tannins are a by-product of boiling the nuts during pro-
cessing the commercial product. An extract of betel nut

makes black and red dyes.
Oil/lubricant

Fat from the betel nut is used as an extender for cocoa
butter.

Ceremonial/religious importance

Betel nut chewing is culturally important in many Asian
and Pacific societies, and the literature on the subject is
extensive. In the early twentieth century it was postulated
that Pacific island societies could be labeled as either kava
cultures or betel cultures, based on which substance they
consumed (Norton 1998). Betel nut is the preferred stimu-
lant today in the Pacific nations of Papua New Guinea, the
Solomon Islands, Fiji, Vanuatu, Palau, Guam, Yap, much of
Micronesia, Taiwan, the Philippines, as well as in Malaysia,
Indonesia, Thailand, Laos, Cambodia, and Vietnam. Only
in Pohnpei, capital of the Federated States of Micronesia,
and in Port Moresby, capital of Papua New Guinea, do
people use both kava and betel nut regularly (Norton 1998).
'This is likely due to urban migrations of people from dis-
similar rural backgrounds and cultural practices.

Furthermore, the whole inflorescences are used in religious
rituals in Sri Lanka and are displayed on the front of ve-
hicles during pilgrimages, to bring good luck. The trunks
are used to construct crematory and temporary ceremonial
structures in several Asian countries.

COMMERCIAL PRODUCTS

'The dried nuts, whole or sliced, are the primary commercial
product in international trade. Fresh nuts, either ripe or
unripe, are an item in local commerce only, as they do not
ship well. The commercial product is prepared from ripe

12 Areca catechu (betel nut palm)
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or unripe fruits that are first husked; then the seeds, whole,
split, or sliced, are dried in various ways (sunlight, with
artificial heat, by smoking). Boiling the nuts before drying
reduces the tannin content of the final product. The nuts
are boiled in water to which some of the liquid from previ-

ous boilings has been added.

In the Pacific islands the ripe, recently harvested nut is the
primary item of local commerce. Fresh nuts are consumed
in both the fully ripe and unripe stages. In Taiwan the un-
ripe nuts are used in the betel quid. In Indonesia unripe
fruits are preferred for home consumption, whereas fully
ripe fruits are harvested for local sale. In Guam the fruits
of the changnga (white) variety are harvested immature
and soft; the fruits of the ugam (red) variety are preferred
at the fully mature and hard stage.

Spacing for commercial production

Minimum spacing is about 2.7 x 2.7 m (9 x 9 ft) on deep,
fertile, moisture retentive but well drained soils. On shal-
lower or poorer soils the spacing should be increased to
3.7 m (12 ft) or even more. If interplanted with banana the
distance may be 4—5 m (16—20 ft) between rows and 2.7 m
(9 ft) between plants in a row.



Management techniques for thinning, pruning,
fertilizing, weed control, etc.

Betel nut palms grow best where high rainfall is evenly dis-
tributed throughout the year (Sadanandan 1973). Since this
weather pattern does not prevail on most Pacific islands,
irrigation becomes a critical factor in betel palm husbandry.
In dry periods, water deficiency can cause flower abortions
even when the inflorescence is still enclosed in the pro-
tective boat-shaped spathe. Flower abortions in the dry
season reduce yields and limit harvests to certain months.
Irrigation is often essential for growers interested in avoid-
ing flower abortions and maintaining vigorous growth
and fruit production during the dry months. Where ir-
rigation is required, drip systems are recommended. Back-
yard growers can water by hand or sprinkler. The ideal is to
thoroughly soak the root zone every 3—9 days (Sadanandan
1973)-

A recommended fertilizer rate is 0.9 kg (2 Ib) of 10:5:22 per
palm per year (Mohapatra 1977). One half is applied before
the wet season and the other half after.

Dried chicken manure and composted plant remains are
prime sources of organic matter and micronutrients, such
as iron and zinc. Manures and composts can be applied at
rates of 10 kg (22 1b) per palm per year (Sannamrappa et
al. 1976).

Mulching with organic materials such as grass or tree
prunings can help maintain soil moisture, halt erosion, and
slowly add nutrients to the soil.

Design considerations
Some factors to consider in the layout of an orchard are:

* The flower clusters and developing nuts are susceptible
to fungal rots and mildews. Thus, the tree spacing should
allow air circulation between the trees, discouraging fun-
gal and bacterial diseases.

* The tree has a fibrous root system near the soil surface
that extends to the drip line of the canopy. For this rea-
son mechanical cultivation with tractors is not done in
the orchard. Hand tools are used to incorporate manures
or compost into the soil.

* The tall trees are easily damaged by wind and storms.

Windbreaks should be planted to minimize this threat.
The palms can also be grown within a framework of
wind resistant trees.

In India plantations are closely and evenly spaced, which
enables trained harvesters to climb a palm and cut off the
fruit clusters, lowering them to the ground with a rope to
avoid any damage, then move laterally to the crown of the
next palm.

Advantages and disadvantages of growing in
polycultures

New betel nut plantings are often intercropped with ba-
nana, tapioca, yam, or sweetpotato. Growing a crop of an-
nuals, biennials, or short-lived perennials between rows of
betel nut palms increases the per unit area yield by making
better use of the land and light and provides revenue while
the palms are immature, without decreasing their future
yield. The intercrops are usually phased out as the palms
come of bearing age.

Yields

Yields can vary considerably depending on the vigor of the
trees and absence or presence of pathogens and pests. A
palm produces two to six bunches of fruit per year, each
bunch with s0—400 fruits. It is estimated that on Guam in
1982 an average palm yielded two to four bunches per year,
each containing s0—100 nuts. Larger fruit size is correlated
with a lower number of fruits per bunch. Climatic con-
ditions at flowering time affect the percentage of female
flowers pollinated in this wind-pollinated species. Yield
increases gradually with age until the palms reach full ma-
turity at 1o—15 years, then continues until the palms stop
bearing at 40(=60) years of age. Soil quality and fertility
affect bearing: deeper, water-retentive soils produce higher
yield; marginal soils require application of manure, green
leaves and twigs, or compost. In India an annual applica-
tion of 100 g (3.5 02) N, 40 g (1.8 0z) PZOS, and 140 g (5 02)
K O is recommended; yield in 1955 was ca. 8oo kg (1760
Ib) dry nuts per ha; in 1990 this increased to 1200 kg (2640
Ib) dry nuts per ha (Brotonegro et al. 2000). Calculated
annual mean yield of ripe nuts is about 2.5 kg per palm (5.5
Ib/palm), with some farmers recording yields of 8 kg per
palm (17.6 Ib/palm); the highest yield ever recorded is 30
kg/palm/yr (66 Ib/palm/yr) (Brotonegro et al. 2000).

On-farm processing

Processing is generally not practiced in the Pacific islands,
as the nut is typically used fresh.

Where processing is practiced, it involves husking fruits,
removing embryos, drying nuts in sun or with artificial
heat or sometimes smoking. Dried product is graded on
stage of harvest, color, shape, and size of nuts. Nuts may
first be boiled in water containing concentrated liquid
from previous boilings to reduce tannin content of nuts;
they are then dried.

Markets

In the Pacific islands, harvested nuts are distributed

Species Profiles for Pacific Island Agroforestry (www.traditionaltree.org) 13



e

Left: Betel nut for sale in main market,-i{oniara, Gadalcanal, Solomon Islands. proTo: M. MerLIN Right: Fruits for sale, Ray-

ong, Thailand. pHoTo: c. ELEVITCH

through extended-family networks or sold in village stores
or farmer markets.

'The primary export market is in South Asia (India, Pakistan,
Sri Lanka); India is a net importer of betel nut despite be-
ing the world’s largest producer (250,000 mt [275,000 t] in
1990). Malaysia, Indonesia (21,800 mt [24,000 t] in 1993),
and Thailand (5200 mt [5700 t] in 1991) produce more betel
nut than they consume.

URBAN AND COMMUNITY
FORESTRY

The majority of betel nut palm grown for nut production
is in homegardens, so the species is eminently suitable for
this purpose. In fact, like all cultigens, betel nut palm de-
pends on human care for its survival. Where nut consump-
tion is not the primary reason for growing this palm, it is
esteemed for its ornamental qualities. There are no special
varieties or types favored for use in urban environments.

14 Areca catechu (betel nut palm)

'The betel nut palm, although an attractive tree, is not rec-
ommended for landscaping of parks or other public facili-
ties in the Pacific islands where the nut is used. The ripe
nuts are of intense interest to chewers, and this can invite
theft and other criminal activity. In a survey of betel nut
growers on Guam in 1983, security or theft prevention was
a high priority for producers. Theft problems begin in the
nursery with the propagation of new trees. A good seed
for planting is also a good nut for chewing. For the first
12 months in the nursery, the seed can still be uprooted by
thieves and chewed, and theft of seedlings for chewing is
a major problem in the nursery. Bearing trees whose own-
ership is not clearly identified can become the subject of
disputes over the nuts.

Size considerations

Reaching 10—20 m (3366 ft), mature betel nut palms are
far too tall to be effective ornamentals in today’s down-
sized residential properties. However, young palms are
suitable for landscaping and can be replaced every ro—20



years when they grow too tall. Canopy spread is estimated
at 3 m (10 ft), which is a good size for landscaping. Juve-
nile betel nut palms are sometimes used indoors as foliage
plants. Also, because of their eventual height, care should
be taken regarding planting beneath overhead wires or
near a driveway or patio where falling fronds may cause
damage or injury.

Rate of growth in alandscape

The growth rate is moderate in landscape settings.

Roots

'The fibrous root system rarely presents any problems in an
urban setting.

Products commonly used in a household

Aside from the uses outlined above, whole clusters of ripe
fruits and leaf sheaths are sometimes used in large floral
arrangements.

Special light requirements

Juvenile palms require shade until they grow above the sur-
rounding vegetation, then full sun is necessary.

Life span

The life span is 60—100 years. In homegardens the palm
will outgrow the landscape in 10—20 years or be replaced
before then by a garden renovation.

Maintenance

Mulching or heaping soil around the trunk base will en-
courage adventitious root growth, which aids stability and
plant vigor. This solitary palm does not branch or require
any thinning, and fronds drop as they age, so no pruning is
required unless the crown is close to electrical or telephone
wires.

Special considerations regarding leaf, branch, and

fruit drop

Considered a self-pruning palm, betel nut palm drops old
fronds (ca 2 m [6.6 ft] long) throughout the year as new
fronds emerge. Falling fronds may damage groundcov-
ers or other plantings beneath the canopy as well as cars,
patio furniture, awnings, or people. Storm winds do not
normally tear healthy fronds from the crown, but they will
dislodge any nearly deciduous old fronds; these may be a
hazard in high winds.

Nuisance issues: poisonous parts, thorns/spines,
foul smell

None.

Common pest problems

None of significance. Only foot rot fungus (Ganoderma) is
mentioned as affecting ornamental plantings of betel nut
palm.

INTERPLANTING/FARM
APPLICATIONS

Crop/tree interactions

Permanent intercropping takes place using bananas, cacao,
cardamom, fruit trees (guava, jackfruit, mango, orange, pa-
paya, plantain, coconut), or guinea grass as fodder. In India
pepper vines (betel pepper, Piper betle) or black pepper (P

nigrum) are often trained onto the trunks of betel nut palms.

Betel nut palms in polyculture on Yap Island, Micronesia.
PHOTO: M. MERLIN
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Short-term intercropping with annual or biennial crops is
also practiced when betel nut plantations are young.

Benefits of interplanting

Intercropping in general makes better use of the land and
light by producing an income-generating crop before the
palms begin bearing. Intercropping with banana provides
shade essential for establishment of young areca palms af-
ter they are transplanted from nursery beds to the field. In
the Mariana Islands, the banana intercrop improves soil
chemistry and soil fertility. When betel pepper is grown
together with betel nut palm, the two main ingredients of
quid (betel nut and betel pepper leaf) are readily available
for consumption or sale. In homegardens, intercropping
with fruit trees provides a variety of useful products for
home consumption.

Potential drawbacks of interplanting

The main problems of intercropping are competition for
nutrients, sunlight, and water between the betel nut palms
and the intercrop. Too close spacing is the primary cause
of these problems.

Leaf underside. proTO: C. ELEVITCH

PUBLIC ASSISTANCE

Central Plantation Crops Research Institute, Kasaragod,
Kerala, India, <http://www.bioinfcperi.org/>.
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Bruguiera gymnorrhiza (large-leafed mangrove)

Rhizophoraceae (mangrove family)

denges (Palau); jon (Marshall Islands); large-leafed mangrove, oriental mangrove (English); orange mangrove
(northern Australia); ong (Chuuk); sohmw (Pohnpei); sraol (Kosrae); yangach (Yap Islands)

James A. Allen and Norman C. Duke
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Distribution Found in Micronesia, Samoa, and the south-
western Pacific; widely distributed from the eastern coast

of Africa through Asia to subtropical Australia.

Size Reaches 30—35 m (100-115 ft) in height, although
commonly much shorter, around 7—20 m (2262 ft).
Habitat Intertidal zones, o—2 m (0—6.6 ft), or the eleva-

tion range between mean sea level and highest tide, with
rainfall of 1000—-8000 mm (40315 in).

Vegetation Common associates on Pacific islands include
other mangrove tree species.

-'L F 4
T Forest of large-leafed mangrove.

Soils Wide range; trees thrive best in river estuaries.

N
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¥

Growth rate Less than 1 m/yr (3.3 ft/yr) in height.

Main agroforestry uses Soil stabilization, coastal protec-
tion, wildlife/marine habitat.

Main products Timber, dye, and traditional medicine.
Yields No data available.

Intercropping Recommended for planting together with
other mangrove species.

Invasive potential Can be invasive; not recommended for
planting outside of its natural range.
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INTRODUCTION

Large-leafed mangrove (Bruguiera gymnorrhiza) is one of
the most important and widespread mangrove species in
the Pacific. It is found in intertidal areas of the tropical
Pacific region from Southeast Asia to the Ryukyu Islands
of southern Japan into Micronesia and Polynesia (Samoa),
and southward to subtropical Australia. Large-leafed
mangrove thrives under a broad range of intertidal condi-
tions, including salinity levels from near freshwater to full-
strength seawater, and tolerates a range of flooding and
other soil types. Typically, it is most common in the middle
and upper intertidal zones, rather than in the lower inter-
tidal zone or along the seaward edge of mangrove stands.

Some of the value of this species is difficult to separate out
from the larger role played by mangrove species as a whole.
Mangroves in general are believed to play vitally important
roles in shoreline protection, enhancing water quality in
nearshore environments (including over coral reefs), pro-
viding habitat for juvenile fish and other reef species, and
supporting marine food chains through outwelling of car-
bon. Although the wood is the main part of the tree used
in most of the Pacific, numerous uses for other parts of the
tree including the propagules, leaves, and bark have been
reported in the region.

DISTRIBUTION

Native range

Found in tropical intertidal areas from the eastern coast
of Africa through Asia to the Ryukyu Islands of southern
Japan, into Micronesia and Polynesia (Samoa), and south-
ward to subtropical Australia (Queensland, New South
Wales and Western Australia), it has the largest natural
longitudinal range of all mangrove species.

Within the mangrove ecosystem, large-leafed mangrove is
most commonly found in the middle and upper intertidal
zones, rather than in the lower intertidal areas or outer sea-
ward fringe.

Current distribution

There is little evidence that large-leafed mangrove oc-
curs widely outside of its natural range. It is possible that
it occurs in the Hawaiian Islands, but recently the spe-
cies of Bruguiera naturalized on O‘ahu was found to be B.
sexangula, not B. gymnorrhiza as previously reported (Al-
len et al. 2000).

2 Bruguiera gymnorrhiza (large-leafed mangrove)

BOTANICAL DESCRIPTION

Preferred scientific name

Bruguiera gymnorrhiza (L.) Lamk.

Family

Rhizophoraceae (mangrove family)

Non-preferred scientific names

Brugiera gymnorrhiza (L.) Lam., Tab. Encycl. 2: 517, t. 397.
1793 (“gymnorhiza”). (common misspelling)

Rhizophora gymnorrhizaL.,Sp.Pl.: 443.1753 (“gymnorhiza”);
G. Forst., F1. Ins. Austr.: 35, n. 201. 1786.

Bruguiera rheedei Bl., Enum. P1. Jav.: 92. 1827 (rheedii).

Brugiera rumphii Bl., Mus. Bot. Lugd.-Bat. 1: 138. 1850.

Common names

Pacific

denges (Palau)

jon (Marshall Islands)

large-leafed mangrove, oriental mangrove (English)
ong (Chuuk, FSM)

orange mangrove (northern Australia)

sohmw (Pohnpei, FSM)

sraol (Kosrae, FSM)

yangach (Yap, FSM)

Indian Ocean

malkadol, sirikanda (Sri Lanka: Sinhala)

thuddu ponna, uredi (Andhra Pradesh, India: Telugu)

muia, mkoko wimbi (Kenya, Tanzania, and Zanzibar, Mo-
zambique: Kiswahili)

Size

It is a medium to tall tree that may reach 30—35 m (100-115
ft) in height, although it is commonly much shorter. Di-
ameters are commonly about 15-35 cm (6-14 in). Dwarfed
stands have been reported for some locations (e.g.,

Pohnpet).

Form

Large-leafed mangrove is normally a single-stemmed tree
with short buttresses and characteristic “knee roots,” (hori-
zontal roots that occasionally form above-ground loops,
presumably as an aid to gas exchange for the subsurface
portions of the roots). It tends to be of shorter stature and
more conical in shape on the seaward edge of stands or in

areas of high salinity.

Bark is typically pale brown to grey (darker when wet),
greater than 2 cm (0.8 in) thick, hard, and rough. Popula-



tions on Hainan Island (China) have distinctive bark char-
acteristics with vertical fissures plus large flaky lenticels 2
cm (0.8 in) in diameter.

Flowering

Flowers are perfect. Inflorescence has solitary flower buds,
located in leaf axils, usually nodding, positioned at the
first (or rarely second) node below the apical shoot. Ma-
ture flower bud when closed is 3.0—3.5 cm (1.2-1.4 in) long,
1.5-3.5 cm (0.6-1.4 in) wide. Calyx is typically reddish to al-
most scarlet, occasionally pale yellow, white or green, char-
acteristically smooth or with grooves above lobe junctures,
rarely ribbed, with 12-14 lobes, acutely pointed, narrow.
Style is pale green, filiform, 3—4 lobes, about 20 mm (0.8 in)
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Foliage with flower buds and prop
Chuuk, Federated States of Micronesia. PHOTO: N.C. DUKE

gules showing typical red calyx form.

long and 1 mm (0.04 in) wide. Petals are bilobed (one third
of total length), with hairy outer margins, creamy-white
tend to orange-brown on maturation, number equals the
number of calyx lobes, about 15 mm (0.6 in) long and 4 mm
(0.16 in) wide. Bristle is between lobes, solitary, straight, up
to 4 mm long. Bristles (3—4) are on tips of petal lobes, of-
ten curly, 3-4 mm (0.12-0.16 in) long. Stamens are creamy
white to golden brown at maturity, about 12 mm (0.5 in)
long. Peduncle is smooth, slender, curved, approximately
10 mm (0.4 in) long and 2—3 mm (0.08—0.12 in) wide. The
flowering period is chiefly April to August in the southern
hemisphere, and October to February in northern hemi-
sphere.

Leaves

Leaves are opposite, simple, elliptical, dark green,
and coriaceous (leathery), aggregated at the tips
of apical shoots in clusters of about 12 leaves.
Leaves are 8—22 cm (3-8.5 in) long and 5-8 cm
(2—3 in) wide, with petioles of 2—4 cm (0.8-1.6
in). Leaf blades are elliptic tending to oblong,
about 15 cm (6 in) long and 6 cm (2.4 in) wide,
acute tip without mucro, petiole about 4 cm (1.6
in) long. Stipules (leaf sheaths) are green or yel-
lowish, 4-8 cm (1.6—3.2 in) long. Apical shoots
are about 6 cm (2.4 in) long. Leaf color, size,
and shape enable B. gymnorrhiza trees to be
distinguished from other Bruguiera spp. from
a distance. It differs from Rhizophora spp. in
the lack of mucronate leaf tip, longitudinal fold
grooves along blade, and lack of cork wart spots.
Leaf emergence occurs mainly from November
to March in southern hemisphere, May to Sep-
tember in the northern hemisphere; marked
declines in canopy density may occur during
these months if rainfall is low. Leaf fall occurs
chiefly over the wet summer period from Octo-
ber to March in the southern hemisphere, April
to September in the northern hemisphere.

Fruit

Large-leated mangrove is viviparous, meaning
that the species produces seeds that germinate
on the parent plant. The dispersal unit, a vi-
viparous seedling, is called a hypocotyl. There
is no apparent fruit stage. Instead, a hypocotyl
emerges singly from an attached mature calyx.
Mature hypocotyls with attached calyx bodies
are located at the third to fifth nodes below the
apical shoot. The hypocotyl is cylindrical, elon-

gate, stocky, dark green, coriaceous, with lon-
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gitudinal ribbing giving an angular appearance, the root
tip bluntly pointed, mature dimensions 15-25 cm (610 in)
long and about 2 cm (0.8 in) wide. Expended calyces often
remain attached after mature propagules fall from parent
trees. “Fruiting,” when mature hypocotyls fall, occurs Janu-
ary to February in the southern hemisphere, and July to
August in the northern hemisphere.

Seeds

Like all Bruguiera species, large-leafed mangrove is vivipa-
rous, meaning that the species produces seeds hidden in
the mature calyx (post-flowering) that germinate on the
parent plant. Just one hypocotyl is usually produced from
each mature calyx, although on rare occasions twins may
be observed.

Rooting habit

Mature trees have distinctive, sturdy, above-ground knee-
roots surrounding the stem base that anchor only shallowly
in the sediments, to 1—2 m (3.3—6.6 ft) depth.

Similar species

Large-leated mangrove is most likely to be confused with

Mature hypocotyl and calyx attached to branch. Daintree
River, NE Australia. pHoTO: N.C. DUKE
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other Bruguiera species/taxa where distributions overlap in
the western Pacific. In particular, B. gymnorrhiza might be
confused with B. sexangula, B. x rhynchopetala, B. exaristata,
B. parviflora, or B. cylindrica.

B. sexangula Often almost indistinguishable from B.
gymnorrhiza. it has a solitary flower, calyx orangey-pink,
usually ribbed rather than grooved above lobe junctures,
like B. gymnorrhiza. Propagules tend to be much short-
er, 6.5-9.0 cm (2.6-3.5 in). Populations in Hainan Island
(China) have distinctive smoother bark with horizontal
fissures plus small lenticels about 1 cm (0.4 in) in diameter.

B. x rhynchopetala B. gymnorrhiza is also reported
to hybridize with B. sexangula, giving progeny called
B. x rhynchopetala. This hybrid taxon has intermediate and
shared characters of B. sexangula and B. gymnorrhiza, with
a solitary flower, calyx green with red blush, variably ribbed
or grooved above lobe junctures. Propagules are indistin-
guishable from parental taxa. Populations in Hainan Island
(China) have distinctive intermediate bark with horizontal
and vertical fissures plus intermediate-sized lenticels 1—2
cm (0.4-0.8 in) in diameter.

B. exaristata Solitary flowers also, but they are smaller,
green never reddish, calyx ribbed with 8—10 spreading lobes
compared to 12-13 for B. gymnorrhiza. Furthermore, unlike
other solitary flower taxa, this species has no spine between

petal lobes. Propagule distinctly ribbed, much shorter.

B. parviflora Multiple flowers are in small groups, each
having 7-8 short calyx lobes extending down from the nar-
row, elongate, ribbed calyx. Propagules substantially thin-
ner, with elongate spaghetti-like appearance.

B. cylindrica Multiple flowers occur in groups of two or
three and have a greenish-yellow, bulbous calyx with six
to nine lobes that fold back against the upper calyx. Prop-
agule narrow, with a rounded cylindrical appearance, no
grooves or ribs.

Rbhizophora species Rbhizophora has four calyx lobes, most
have cork wart spots on leaf undersurfaces (note: Bruguiera
species never have cork wart spots), and most Indo—-West
Pacific Rhizophora have prominent mucronate tips at their
leaf apices (unlike R. samoensis in the southern Pacific is-
lands, and the introduced R. mangle).

GENETICS
Variability of species

Some variation in calyx color of the flower occurs, with
some trees having flowers described as crimson red, or-
ange, yellowish red, creamy white, or green. Colors may
also be mixed red and green, with their red sides often up-



Left: Knee roots with rare instance of sprouting foliage stems. Gazi Bay, Kenya. Top right: Buttress roots and stem base, tree
growing on man-made coral rubble platform. Yap, Federated States of Micronesia. Bottom right: Mature hypocotyls compar-
ing a red “albino” form (above) and a normal dark-green form (below). Note also the color variation in calyces, red and red-
green, which is independent of propagule color. Moreton Bay, Queensland, Australia. proTos: N.c. DUKE

per-most. Care must be taken to differentiate between ca-
lyx color and petal color, as this may at times be defined as
flower color. Red coloration of the calyx is definitely more
prevalent in sun-affected locations, within single trees and
among trees.

Known varieties

In NE Australia, B. gymnorrhiza has “albino” forms where
some hypocotyls lack green pigment. These propagules
are living, but they are non-viable, dying within a year of
settlement after depleting reserves, because they cannot
photosynthesize. When present, they are easily observed
hanging alongside normal green hypocotyls from other-
wise normal looking parent trees.

ASSOCIATED PLANT SPECIES

Mangroves commonly occur in relatively distinct zones,
which are controlled by factors such as salinity, tidal re-

gime, soil type, and seed predators. Large-leafed man-
grove is most commonly found in an intermediate loca-
tion between the seaward edge of mangrove stands (often
dominated by Rhizophora spp. and Sonneratia alba) and the
landward edge, which may be dominated by a diverse mix
of mangroves and mangrove associates.

Associated species commonly found

Common associates on Pacific Islands include other
mangrove tree species, especially Rhizophora apiculata, R.
samoensis, Sonneratia alba, Xylocarpus granatum, Heritiera
littoralis, Ceriops tagal, and Lumnitzera littorea. Other flora
occasionally found with large-leafed mangrove include the
mangrove fern (Acrostichum aureum/speciosum), nypa palm
(Nypa fruticans), and a variety of vines (e.g., Derris spp.)
and epiphytes (e.g., Hydnophytum spp.).

Species Profiles for Pacific Island Agroforestry (www.traditionaltree.org) 5
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ENVIRONMENTAL PREFERENCES
AND TOLERANCES

Climate

Large-leafed mangrove is a species of tropical and subtrop-
ical environments, which are characterized by moderately

high and well distributed rainfall.

Elevation range

o—2 m (0—6.6 ft), which is the elevation range between
mean sea level and the highest tide.

Mean annual rainfall

1000—8000 mm (40315 in)

Rainfall pattern

Grows in climates with a uniform rainfall pattern.

Dry season duration (consecutive months with <40
mm [1.6 in] rainfall)

No specific information is known for large-leafed man-
grove. Mangrove plants in general appear to depend on
groundwater to sustain optimal growth, especially during
drier months. Reduced growth in response to an El Nifio
event on Kosrae in 1997/1998 was presumably due to a de-
crease in freshwater input.

Mean annual temperature
20—30°C (68-86°F) (estimate)

Mean maximum temperature of hottest month

32—38°C (9o—100°F) (estimate)

Mean minimum temperature of coldest month

0—5°C (32—41°F) (estimate)

Minimum temperature tolerated
-5°C (23°F) (estimate)

Soils

Trees develop greatest stature and columnar growth form
in estuaries of larger tropical rivers, characterized by fine
clay and black mud sediments with relatively high levels of
organic carbon. These soils are often anaerobic, with high
concentrations of sulfide. However, these trees also occur
at times in sites with more aerobic sediments consisting
of fine sands to coarse stones and rocks. In these instances,
knee roots are less prominent.

Soil texture

Grows in light, medium, and heavy textured soils (sands,

6 Bruguiera gymnorrbiza (large-leafed mangrove)

WHAT IS A MANGROVE?

Mangroves form a unique and dominant ecosystem
comprised of inter-tidal marine plants, mostly trees,
predominantly bordering margins of tropical coast-
lines around the world. These halophytic (salt toler-
ant) plants thrive in saline conditions and daily inun-
dations between mean sea level and the highest tides,
and they provide vital structure as habitat and food for
similarly adapted resident and transient fauna. At low
tide, mangrove plants exchange gases from exposed
roots using special lenticels, while flooding tides al-
low uptake of nutrients and seed dispersal, often using
especially buoyant propagules. The ecological limits
defined by the diurnal tidal range explain the setting
and why just 70 species around the world are called
true mangroves (Tomlinson 1986, Duke et al. 1998),
compared with adjacent rainforests that may have
hundreds of tree species per hectare. Specialized mor-
phological and physiological characteristics largely
define and characterize mangrove plants, such as but-
tress trunks and roots providing support in soft sedi-
ments, above ground roots allowing vital gas exchange
in anaerobic sediments, and physiological adaptations
for excluding or expelling salt. Fewer than 22 plant
families have developed such attributes, representing
independent instances of co-evolution over millions
of years to form today’s mangrove habitats.

sandy loams, loams, sandy clay loams, clay loams, sandy
clays, and clays).

Soil drainage

Grows in soils with free and impeded drainage as well as
waterlogged soils.

Soil acidity
Acidic to neutral soils (pH 4.0—7.4).

Special soil tolerances

Grows in saline soils. The optimal salinity range is reported
to be 8—26 ppt (parts per thousand), compared with ap-
proximately 34—36 ppt for full-strength seawater.

Tolerances

Drought

The tree can tolerate drought periods reasonably well, al-
though growth rate is reduced substantially.



Full sun

It grows well in full sun.

Shade

Large-leafed mangrove is one of the most shade tolerant
mangrove species. Seedlings may persist and grow under a
tull forest canopy (even less than 10% full sunlight).

Fire

It has no tolerance of fire in close proximity.

Frost

The tree is almost certainly not tolerant of sub-freezing
temperatures for more than a few hours.

Waterlogging

It can tolerate daily flooding up to depths of at least 1.5 m
(5 ft) and even permanently saturated soils.

Salt spray
The tree is highly tolerant of salt spray.

Wind
It is not typically found on the extreme seaward (and most

windswept) edges of mangrove forests. Planting in highly
wind-prone locations is not recommended.

Abilities

Regenerate rapidly

Large-leated mangrove regenerates effectively by natural
dispersal and seedling establishment, but then tends to
grow slowly, depending on freshwater inputs, muddy sub-
strate, and nutrient availability.

Self-prune

Self-prunes well in dense stands but maintains lower
branches in more open-grown locations.

Coppice

Does not coppice well but does respond much better to
cutting and leaf removal than Rhizophora species, with
sprouting along larger stems below leafy rosettes.

Pollard

No reports were found of pollarding practices.

GROWTH AND DEVELOPMENT

Growth rates vary with age. Growth in height is rapid
shortly after establishment while food reserves are taken
up from the hypocotyl. The rate then appears to slow in a

sigmoid decline until the tree attains the maximum height
obtainable on a particular site—the site maximal canopy
height (Duke 2001). After this, trees tend to spread and

broaden in canopy diameter rather than get taller.

Growth rate

Large-leafed mangrove generally grows less than 1 m/yr
(3.3 ft/yr) in height. Propagules planted in India averaged
only .19 m (3.9 ft) tall after five growing seasons. Naturally
regenerated saplings growing in small gaps on Kosrae have
averaged about 10 cm/yr (4 in/yr) over a period of 6 years.
Trees in some plantations on the Andamans have report-
edly reached a height of 9—12 m (3039 ft) and a circumfer-
ence of 2530 cm (10-12 in) in 15 years. Mean annual diam-
eter increments of 0.17-0.21 cm (0.07-0.08 in) and 0.30 cm
(0.12 in) have been reported for Malaysia and Bangladesh,
respectively. In Micronesia, large-leafed mangrove grow-
ing on Pohnpei had diameter growth rates of 0.26 cm/yr
(0.1 in/yr), and on Kosrae, 0.44 cm/yr (0.17 in/yr) (Cole et
al. 1999).

A 100-year rotation was recommended for the Andaman
Islands, at which time the “exploitable girth” should be
around 70 cm (28 in).

Flowering and fruiting

Flowering and “fruiting” occur continuously throughout
the year, although distinctly seasonal peaks of hypocotyl
production were reported for July—August in northern
parts of the range and January—February in southern parts.
Trees have notable and long periods of reproductive de-
velopment, taking 1—2 years from first emergence of flower
buds until maturation and drop of mature hypocotyls.

Yields
No data available.

PROPAGATION

Large-leated mangrove is readily propagated by direct
planting of propagules (viviparous seedlings). Although
natural regeneration is generally relied upon around the
Pacific region, this species is relatively easy to propagate
artificially.

Propagation is simple and relies on the special feature of
this genus: viviparous propagules. As such, planting simply
entails gently pushing the distal end of the 10-15 cm (4-6
in) long hypocotyl one third of its length into the sediment,
spaced at about 1 m (3.3 ft) intervals. No holes need to be
dug, no nursery preparation, no stakes, and generally low
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maintenance is required for growing seedlings in sheltered
areas.

Propagation by viviparous seedling

Propagule collection

Propagules are available throughout much of the year, with
peaks in July—August common in northern parts of the
range and January—February in the southern parts. Ma-
ture propagules may be collected after they have fallen
or directly off the trees. Only healthy looking propagules
should be selected. Propagules that are shrunken or des-
iccated in appearance or that exhibit significant physical
damage should be rejected. Although propagules with
only minor borer damage may survive and grow, selection
of propagules with no signs of borer or crab damage are
strongly preferred. Propagules that already have some root
or leaf development can be used in most cases but should
not be stored for long.

Propagule processing
No processing of mature propagules is required. They can

be sown in nursery beds or planted in the field in the form
in which they were collected.

Propagule storage
Propagules can be kept viable for at least 6— days by stor-
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Planting mangroves on a storm-damaged site. pHOTO: N. DUKE
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ing them in brackish water or by wrapping them in wet
burlap bags and storing them out of direct sunlight. It is
likely that they can be kept even longer, but storage beyond
2 weeks is not recommended and long-term storage is not

feasible.

Propagule pretreatment

No pre-planting treatments are necessary.

Growing area

Large-leafed mangrove can be grown in full sunlight or
under a wide range of shade. In Australia, use of 30% shade
for Bruguiera species is recommended.

Seedling establishment

Leaves and roots may begin to develop within a week or
two of sowing.

Media

Although a wide variety of soil media are acceptable, a
50—50 mix of sand and peat has been recommended for
Australian mangrove nurseries. Brackish water is recom-
mended, but seedlings have also been successfully propa-
gated using fresh water.

Time to outplanting

Seedlings are ready for outplanting at the six-leaf (three-
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node) stage if grown in nursery conditions. Older seed-
lings up to 0.5 m (20 in) tall have also been successfully
transplanted. Planting may be undertaken at any time dur-
ing the year. Direct propagule planting, will, however be
restricted by their seasonal availability from parent trees,
as they do not keep for extended periods unless planted
out in pots.

Guidelines for outplanting

Propagules or nursery-grown seedlings should have excel-
lent survival on sites that have been properly selected and,
if appropriate, protected from disturbance. Survival of 9o%
or greater is not unreasonable in such sites. On the other
hand, survival may be zero on sites exposed to excessive
wave action, inappropriate hydrologic or salinity regimes,
or (rarely) disturbance by grazing animals (such as camels,
goats, cattle, and horses).

DISADVANTAGES

In general, large-leafed mangrove poses few significant
disadvantages when planted in its native range. It is not
especially susceptible to pests or pathogens and has not
been reported to host major pests or pathogens of impor-
tant crop species.

Potential for invasiveness

Although the invasiveness of large-leafed mangrove has
not been demonstrated, it is likely to be easily opportunis-
tic due to its shade tolerance and its relatively wide range
of tolerance for salinity and soil conditions. Other man-
grove species introduced into Hawai‘i have clearly demon-
strated the general potential for invasiveness of mangroves
in areas where they are not native and yet suitable growing
conditions exist.

Pests/pathogens

Susceptibility to pests and pathogens is believed to be low,
with the exception of grapsid crabs and weevils, which fre-
quently damage propagules and/or leaves.

Host to crop pests/pathogens

No reports were found of large-leafed mangrove serving as
the host for a known crop pest or pathogen.

AGROFORESTRY/ENVIRONMENTAL
PRACTICES

Large-leafed mangrove is probably of greatest value in situ,
as this species (and mangroves as a whole) is believed to

play a vital role in supporting marine food chains, protect-
ing coastal areas, and improving water quality.

Mulch/organic matter

Mangroves in general have relatively high productivity, in-
cluding leaf and root production. Mangroves tend to create
highly organic soil environments and also export organic
matter to nearby marine environments. Large-leafed man-
grove foliage may be relatively poor in quality compared to
other mangroves such as Sonneratia alba, but it still is an
effective producer and exporter of organic matter. Mulch
in mangrove forests is hidden from view most of the time.
If it were not for the small mangrove crabs, fallen leaves
would be washed away with each tide. The crabs actively
take leaves below ground, where they become underground
mulch that can then become available to trees in the forest
again.

Soil stabilization

Mangroves in general are effective in stabilizing soils in
intertidal areas. They may rapidly colonize newly formed
mudflats and other areas of unstable soils within the in-
tertidal zone. Although believed to be useful primarily for
gas exchange, the knee roots of large-leafed mangrove may
also help trap sediments.

Windbreaks
Large-leafed mangrove has been planted in the Philip-

pines to protect coastal homes from wind and wave action.
Mangroves often occur adjacent to agricultural areas and
may serve to protect crops from sea spray or storms.

Woodlot

Mangroves adjacent to homes throughout the Pacific fre-
quently serve as informal woodlots, particularly on islands
with clear tenure systems that include mangrove areas,
such as on Yap, in the Federated States of Micronesia.

Native animal/bird food

Large-leafed mangrove is a largely unknown source of na-
tive animal foods. However, several observations demon-
strate that the diversity and quantity of the source is likely
to be extremely important in mangrove ecosystems. Nu-
merous insects, crabs, and mollusks graze on green leaves
in the forest canopy. Sesarmid crabs consume an unknown
quantity of fallen leaves and propagules. Organic matter
processed by these herbivores is believed to broadly sup-
port aquatic food chains in coastal regions. Birds notably
teed and depend on floral nectaries of Bruguiera species.
The relationship with birds is so well developed that this
plant-animal relationship has co-evolved to create an un-
usual explosive pollen-release mechanism in Bruguiera
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plants to disperse pollen to neighboring trees using bird
visitors. Few mammals appear to use large-leafed man-
grove as a major food source.

Wildlife habitat

In addition to aquatic marine organisms (see Fish/marine
food chain), mangroves serve as habitat for a wide range of
terrestrial and arboreal wildlife. Bruguiera forests provide
shelter and food for a number of associated fauna, includ-
ing birds, small mammals, crustaceans, shellfish, and fish
life. Fruit bats may roost in mangroves and are known to
pollinate some species (although not large-leafed man-
grove). In some cases, rare or endangered species have been
documented to use large-leafed mangrove. An example is
the nightingale reed-warbler (Acrocephalus luscinia), a U.S.
federally listed endangered species, which has been found
to nest in large-leafed mangrove trees on Saipan.

Bee forage

Bruguiera species have limited nectar (largely consumed by
birds), but they do have copious pollen that may be gath-
ered by bees.

Fish/marine food chain

Mangroves in general are believed to play a vitally impor-
tant role in protecting and supporting marine food chains.
Many fish species use mangroves during part of their life
cycles, as do species of shrimp and crab. Species such as
the mangrove crab (Scylla serrata) are common in man-
groves with a high component of large-leafed mangrove,
and are important sources of food and income on many
islands in the region. Populations of some crab species may
exceed 10/m? (1/ft?) in parts of the Pacific. Senescent leaves
having fallen from Bruguiera trees are taken by grapsid
(small mangrove) crabs into their burrows. Buried leaves
decompose and contribute to nutrient recycling in man-
grove forests. Nutrients also feed directly and indirectly to
associated estuarine and marine food chains. Mangrove
areas with large-leafed mangrove may also serve as habitat
for more “charismatic” marine megafauna, such as the salt-
water crocodile.

Coastal protection

Mangroves in general play an important role in protection
of coastlines, fishponds, and other coastal infrastructure.
Mangroves are planted explicitly for coastal or fishpond
protection in some areas (e.g., parts of the Philippines) and
there are laws in many locations aimed at protecting man-
groves in large part because of this important function.

Ornamental

Large-leated mangrove is not widely used as an ornamen-
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tal, although its dark green leaves, generally attractive form,
and reddish-scarlet flowers do make it an attractive tree.
Packaged plants (sprouting hypocotyls) are sold in the
Okinawan Islands (Japan) as an ornamental plant at tour-
ist shops.

USES AND PRODUCTS

In terms of direct use by people, the most widespread use of
large-leafed mangrove is for wood, which is used for pur-
poses ranging from firewood to construction of homes and
canoe parts. Other uses of the tree include food (mainly
from the propagules), dyes, and medicines.

Staple food

Leaves and peeled propagules have reportedly been soaked,
boiled, and eaten as a staple in Papua New Guinea, al-
though most likely only in times of severe shortage of
other foods. Although large-leafed mangrove is not widely
used for food, reports of the use of propagules as a food
source also exist for India, Bangladesh, and other parts of
Southeast Asia.

Fruit

The fruit (propagule) is reportedly “eaten cooked, after
scraping or grating, washing, and drying (to remove tan-
nins) and sometimes mixed with coconut in Melanesia and
Nauru; fruit is sold as a vegetable at the Honiara Market
[Solomon Islands].” (Clarke and Thaman 1993)

Medicinal

'The bark is used as an abortifacient and for treating burns
in the Solomon Islands The bark is reportedly used for di-
arrhea and fever in Indonesia. The astringent (and mildly
toxic) bark has also been used to treat malaria in Cambo-
dia. The fruits have antiviral properties, and bark extracts
of the closely related B. sexangula are reportedly active
against at least two types of cancerous tumors (Sarcoma
180 and Lewis lung carcinoma).

Timber

The wood is widely used for structural components (e.g.,
poles, beams, and rafters) of traditional homes and other
structures. It is also used for other purposes, ranging from
traditional uses such as fishing stakes, spears, and copra-
huskers to use as a source of chips for pulp production. The
species has also been used for transmission and telephone
poles in some regions (e.g., the Andaman Islands), and is
likely durable in direct contact with the ground (i.e., rot
resistant).



THE LEGEND OF
THE ORIGIN OF POHNPEI

Long ago, there lived a man named Sapkini on the
island of Eir. Under his guidance, a great canoe was
built to sail into the unknown in search of a new land.
Sapkini believed this new land existed where the sky
touched the sea. Sapkini wisely selected his crew, each
of whom was endowed with the skills or magical pow-
er needed for sailing or working the land. After many
days at sea they met an octopus named Lidakika, who
directed them to a distant shallow reef on which a
small coral head was exposed. They named it Tieren-
sapw (“bit of land”), because it was no larger than the
distance between the canoe and its outrigger. From
this bit of coral, the island of Pohnpei was built.

By magic, they called stones and boulders to Tieren-
sapw from other places, but the earth and soil was
continuously washed away by the waves of the sea.
The people called on Katengenior (“stabilizer of the
shore”) for help. Katengenior surrounded the land and
created a barrier reef for protection. Still the land was
not stable, so they called on Katenanik, who caused
the mangrove trees to take root to hold the shore in
place. After the shore was secure, the people dug earth
and piled it into a platform, which they named pei
(stone altar). Pohnpei was built on top of (pohn) the
altar, thus the island was named Pohnpei, or “upon a
stone altar.”

Source: Lambeth 2000

Fuelwood

'The wood has a high calorific value and is used for fuelwood
on some Pacific Islands (e.g., Kosrae). It is also made into
charcoal in countries such as Malaysia and Indonesia.

Craft wood/tools

Sometimes used for tool handles or digging sticks.

Canoe/boat/raft making

The wood has been used to make canoe parts. In the
Marshall Islands, it has been used for keel-pieces (maal),
outrigger (kie), and outrigger struts (kein-eon erre). Ca-
noe paddles are also made from large-leafed mangrove on
some islands.

Body ornamentation/garlands

Flowers of the closely related B. sexangula are used in
Hawai‘i to produce a type of lei called the kukuna o ka la
(“rays of the sun”) (Allen 1998).

Tannin/dye

Used to produce dyes ranging from red-brown to black
(the latter with repeated dying). The bark has a high tannin
content, but tends to color leather excessively unless the
bark is collected “at the end of each growing season.”

Cosmetic/soap/perfume

'The knee roots (or “breathing roots”) reportedly have been
used for making perfumes.

COMMERCIAL CULTIVATION

Although not as desirable as Rhizophora species, large-
leafed mangrove is frequently sold by commercial firewood
suppliers on some islands (e.g., Kosrae, Chuuk in FSM).
Bruguiera timber is harvested commercially for charcoal
production in SE Asia, although Rhizophora is preferred.
'The calorific value of the timber is enhanced significantly
by converting it to charcoal. Mangrove forests are used for
wood chips in Malaysia, New Guinea, and the Solomons
using unsustainable harvesting of native forests. Large-
leafed mangrove plantations have been established on Fiji
for land reclamation and timber.

Spacing

Mangrove plantations in general are typically planted at
spacings of about 1.0 to 1.5 m (3.3 ft). Spacings wider
than about 2.5 m (8 ft) tend to result in a high proportion
of multiple stemmed and/or shorter trees. Wider spacings
may be desired for coastal protection projects but not for
timber production.

In the absence of significant natural mortality, timber plan-
tations should be thinned to densities of 2.5 to 3.5 m (8-1r.5
ft) as the stand develops and becomes crowded.

Management objectives

In areas where the mangrove fern (Acrostichum aureum) is
common, it may need to be controlled to promote early
growth of large-leafed mangrove, although the high shade
tolerance of this species may make this less important than
for other mangrove tree species.

Some published guidelines for mangrove silviculture exist
and are referenced in this profile, but guidelines on thin-
ning, fertilizing, etc., that are specific to large-leafed man-
grove are generally unavailable.

Growing in polycultures

Large-leafed mangrove naturally occurs in mixed-species
stands, and each species has its own ecological and eco-
nomic values. Mixed-species plantings are therefore rec-
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ommended, including R. apiculata and other Rhizophora
species.

Large-leafed mangrove may be slower growing than other
mangrove species but is able to persist and may even even-
tually dominate in mixed-species plantations.

Estimated yields
No data available.

Markets

Markets on most Pacific Islands are local in nature, with
little in the way of large-leafed mangrove products (other
than indirect products like mangrove crabs and fruit bats)
being exported from one island to another. In Southeast
Asia, large quantities of large-leafed mangrove wood chips
and charcoal may be moved greater distances and in greater
volumes than wood products on smaller islands.
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PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

USDA Forest Service
Institute of Pacific Islands Forestry

1151 Punchbowl Street, Room 323
Honolulu, HI 96813, USA
Attn: Tropical Forested Wetlands Team

Marine Botany Group
Centre for Marine Studies
'The University of Queensland

St. Lucia QLD 4072, Australia
Web: http://www.marine.uq.edu.au/marbot/index.htm

Extension offices for agroforestry and forestry in the Pa-
cific: http://www.traditionaltree.org/extension.html

INTERNET

For a nice set of FAQ’s about mangroves (from the Phil-
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ippines: http://www.pemsea.org/young%zoenviron/yeror/
mangrove_index.htm

For a brief summary of B. gymnorrhiza characteristics pro-
duced by the Purdue University Center for New Crops &
Plant Products: http://newcrop.hort.purdue.edu/newcrop/
duke_energy/Bruguiera_gymnorrhiza.html

For a useful publication called “One Hundred Pacific Is-
land Agroforestry Species”: http://www.unu.edu/unupress/
unupbooks/80824¢e/80824Eop.htm
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Banana and plantain—an overview with emphasis
on Pacific island cultivars

Musaceae (banana family)

Randy C. Ploetz, Angela Kay Kepler, Jeff Daniells, and Scot C. Nelson
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INTRODUCTION
'The plant family Musaceae, composed of ba-

nanas, plantains, and ornamental bananas,
originally evolved in Southeast Asia and sur-
rounding tropical and subtropical regions (in-
cluding New Guinea). Africa is a secondary
center of diversity.

'The two genera Ensete and Musa in the family
Musaceae are covered here.

Please note that this manuscript is not all-in-
clusive and that much of the complex species
and cultivar taxonomy is in the process of re-
vision and expansion. Readers are encouraged
to consult with the many excellent online re-
sources listed in the “Bibliography” for current
information.

‘Manini’, a variegated Hawaiian banana.
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Part 1: Taxa in the Musaceae

Ensete

'The genus Ensete ranges throughout Africa and southern
Asia. Depending on the authority, the genus Ensefe contains
as many as nine species. They are monocarpic, unbranched
herbs that sucker rarely and are used for food, fiber, and as
ornamentals. They resemble banana plants, but their wide-
spreading and immensely long, paddle-shaped leaves with
usually crimson midribs, are unmistakable. Their fruits are
similar in appearance to those of banana, but they are dry,
seedy, and inedible. The entire plant dies after fruiting.

Ensete gilletii (De Wild.) Cheesman

Ensete glaucum (Roxb.) Cheesman. Common names: Wild
banana, Seeded sweet banana, “Virgin” banana, or Virgin
(Philippines)

Synonyms: M. glauca Roxb., M. nepalensis Wallich in
Roxb., M. troglodytarum L. var. dolioliformis F. M. Blanco,
M. gigantea Kuntze, M. calospermavon Mueller, M. wilsonii
Tutcher, E. calospermum (von Mueller) Cheesman, E. wil-
sonii (Tutcher) Cheesman, M. agharkarii Chakravorti, E.
gigantea (Kuntze) T. Nakai, E. nepalensis (Wallich) Chees-
man, err. cal. Simmonds, E. agharkarii (Chakravorti) Hore,

Sharma and Pandey

Description: This species has small, oval bananas in a very
small, compact bunch, atop a huge bud with green turning
to pale brown, persistent bracts producing a “messy” rachis
similar to dwarf edible bananas (for example, ‘Dwarf Cav-
endish’, ‘Prata Afia’). The seeds are about 1o mm diameter
x 11 mm deep (0.4 in x 0.43 in). The seeds are strung into

necklaces in PNG.

Ensete homblei (Bequaert) Cheesman
Ensete perrieri (Claverie) Cheesman
Ensete superbum (Roxb.) Cheesman

Ensete ventricosum (Welw.) Cheesman. Common names:
Enset, Ensete, Abyssinian banana or Plantain, Ethiopian,
Black, Bruce’s or wild banana

Synonyms: Musa ensete Gmel., M. ventricosa Welw., M.
buchananii Baker, M. schweinfurthii Schumann and War-
burg ex Schumann, M. arnoldiana De Wild., M. holstii
Schumann, M. ulugurensis Warburg and Moritz ex War-
burg, M. fecunda Stapf, M. laurentii De Wild., M. bagsha-
wei Rendle and Greves, M. davyae Stapf, M. ruandensis De
Wild., M. rubronervata De Wild., E. edule Horan., E. bu-
chanani (Baker) Cheesman, E. schweinfurthii (Schumann

and Warburg) Cheesman, E. arnoldianum (De Wild.)

2 Banana and plantain overview

Cheesman, E. holstii (Schumann) Cheesman, E. ulugurense
(Warburg) Cheesman, E. fecundum (Stapf) Cheesman, E.
laurentii (De Wild.) Cheesman, E. bagshawei (Rendle and
Greves) Cheesman, E. davyae (Stapf) Cheesman, E. ruan-
dense (De Wild.) Cheesman, E. rubronervatum (De Wild.)
Cheesman, M. africana Hort.

Description: This is the most important species in the ge-
nus. Reaching 5= m (16—23 ft) tall, it ranges throughout
much of the African continent, and produces a rhizome
that is used as a staple food by approximately 8 million
people in the Ethiopian highlands. The variety ‘Maurelii’,
‘Red Abyssinian’, or ‘Black banana’ (synonym E. maurelii)
is the most colorful, with the brightest red midribs, above
and below, with rich dark red leaf stalks (petioles) and
blackish-red leaf blades. Its flower cluster, embraced in
maroon bracts, may reach 3 m (10 ft) long. The seeds are
large, about 18 mm diameter x 14 mm deep (0.7 in x 0.5
in). Introduced into Hawai‘i, it is rare or no longer present
there.

Ensete ventricosum. PHOTO: J. DANIELLS



Musa

'The genus Musa’s center of origin is Asia (primarily south-
ern and southeastern). A great number of important plants
are found in the genus; those that bear edible fruit are the
most significant. In addition to fruit,bananas and plantains
provide many cultures with medicines, beverages, fibers,
edible floral parts, dyes, fuel, steam for cooking, cordage,
wrapping materials, etc. With few exceptions, the familiar
eating bananas are naturally occuring hybrids among the
various subspecies of M. acuminata and interspecific hy-
brids between M. acuminata and M. balbisiana.

Musa taxonomy is confused by several factors including
the sterility, ancient domestication, and hybrid origins of
the cultivated varieties (cultivars), and the unwillingness
of many to adopt newer, correct names. For example, Lin-
naean binomials such as M. paradisiaca (‘French’ plantain)
and M. sapientum (‘SilK’) are still used decades after the
cultivars to which these names refer were recognized as M.
acuminata x M. balbisiana hybrids (see Part 2). Constan-
tine summarized the confusion (Constantine, 2004).

Historically, four sections have been recognized in Musa,
AUSTRALIMUSA, CALLIMUSA, MUSA (formerly
known as EUMUSA), and RHODOCHLAMYS. Re-
cent molecular analyses indicate a reduction to two sec-
tions, but much further study is required before the above
system is abandoned.

Section AUSTRALIMUSA (chromosome num-
ber:x = 10)

Seeds subglobose or compressed, smooth, striate, tubercu-
late or irregularly angled. Contains the Fe‘i bananas, which
are important in the Pacific. Their origins are complex and
may involve as many as three species, M. lolodensis, M. ma-
clayi and M. peekelii. Also included in the section is an im-
portant source of fiber, abacd (M. textilis).

Plants in the AUSTRALIMUSA section are generally tall,
with seeded fruit, and distinctive green or greenish-yellow
buds (if present). Their seed structure is important for clas-
sification purposes, viz. either subglobose or compressed,
smooth, striate, tuberculate, or irregularly angled.

Section AUSTRALIMUSA ranges naturally from New
Guinea and northern Queensland into the western Pacific.
However, a principal component, the Fei bananas have
become famous because of their association with French
Polynesia, where they were transported long distances
in canoes by Polynesian seafarers as far back as 250 BC
(Marquesas Islands) and later in ~8oo AD (Tahiti). In
2004, Micronesian Fe‘i bananas enjoyed spotlighting in
Pacific agricultural circles. ‘Karat’, ‘Utin lap’ and other ba-

nanas have been shown to contain the high levels of beta
carotene (vitamin A precursor).

Fe‘i are robust plants bearing erect bunches of brilliant or-
ange-gold fruit, which are delicious and nutritious when
baked or boiled, especially if the slices are swathed in fresh
coconut cream. Additional characteristics (also in M. jack-
eyi) are a “bloody” purple-magenta sap and the production
of reddish-amber to red urine by those who consume the
fruit.

M. textilis (abacd or Manila hemp) is particularly impor-
tant in Philippine culture, and to a certain extent in some
traditional islands of Micronesia, as a source of fiber. The
translucent, silky shirts (often embroidered) worn by Fili-
pino men on important occasions are woven from paper-
thin strips of abacd pseudostem. In the outer islands of Yap,
islanders still use hand-looms to weave abacd fiber into
women’s wrap-around skirts or lavalavas (pareus). Abaca

produces a shiny, apple-green bud.

M. bukensis Argent
M. jackeyi W. Hill. Common name: Johnstone River ba-
nana.

'This has only a small range in North Queensland, Australia.
It greatly resembles a Fe‘i, with upright fruit stalk, Fe‘i-like
bananas, an enormous green bud pointing skyward, and
“bloody” sap. May be synonymous with M. maclayi subsp.

ailuluai.

M. lolodensis Cheesman

Possible precursor of the Fe‘i bananas. Native to the West
Sepik region of Papua New Guinea and parts of Indone-
sia.

M. maclayi von Muell. ex Mikl.-Maclay

Possible precursor of the Fei bananas. The fruits are
rounded, appressed together in tight bunches, and in some
varieties, partly joined together laterally.

subspecies ailuluai Argent
subspecies maclayi
var. erecta (Simmonds) Argent
var. maclayi

var. namatani Argent

M. peekelii Lauterb.

Possible precursor of the Fe‘i bananas. A very tall plant
(>10 m [33 ft]), with a bunch of fruits tipped with a narrow
green bud which is pendent, rather than reaching skyward.
Its geographical range includes Papua New Guinea, and
it was found in the Philippines (Palawan) in 1960. Intro-
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duced into Hawai'i, this banana can be seen at the Waimea

Valley Audubon Center, O‘ahu.

subspecies angustigemma (Simmonds) Argent Syn-
onym: M. angustigemma Simmonds

subspecies peekelii

M. textilis Née. Common names: abacd, Manila hemp,
amukid, maguindanao (Philippines)

Synonyms: M. formosana Hayata, M. textilis Née. var. tashi-
roi Hayata

Before the advent of synthetic textiles, M. zextilis, was the
source of one of the world’s premier fibers—soft, silky,
glistening, and fine-textured. Its fibers were also suitable
for other manufactured products such as rayon, cellophane,
and newsprint. It was even a constituent in some Euro-
pean paper money. Commercial production was greatest in
the Philippines and Central America, but has now all but
disappeared. Niche markets now cater to intricately woven
floor mats, fancy place mats, and specialty paper.

Abaci is a beautiful, tall plant, typical of the AUSTRALI-

MUSA section. Introduced into Hawai‘ for commercial
purposes in the late 1800s, it is now rare. It can be found at

the Waimea Valley Audubon Center (O‘ahu) and National
Tropical Botanical Garden (Kaua'i).

Section CALLIMUSA (chromosome number: x =
10)

Bracts plain, firm, shiny on the outer surface, rarely glau-
cous and strongly imbricate when closed. These plants are
most important as ornamentals. Most bear upright flower
stalks, variously colored buds and flowers, and small seedy
fruit.

M. alinsanaya Valmayor, sp nov. Common name: Alin-
sanay

Its shiny green bud hides purple inner linings, and its small
fruit are “long bottle-nosed” and seedy.
M. beccarii Simmonds

This species bears a narrow, elliptical, bright scarlet bud,
with green-tipped bracts. Fruits are green and skinny.
M. borneénsis Beccari

M. campestris Beccari

M. coccinea Andrews. Common Names: Red (flowering)
'Thai banana, scarlet banana, Thai red banana, coccinea,
Okinawa torch, Okinawan banana flower, red ornamental
banana

Synonyms: Musa wuranoscopos Lour. non Rumph., Musa
uranoscopos Lour. non Colla.

4 Banana and plantain overview

'This species bears a rounder red flower cluster than M. bec-
carii, composed of erect spirals of red bracts, inside which
are enclosed tubular yellow flowers. Its orange, seeded fruit
are small (ca. 0.8 cm [2 in] long). Native to China and
Indochina. Occasionally grown in Hawaii at commer-
cial heliconia farms, especially on Maui and the island of
Hawai'i.

M. exotica R. Valmayor, sp. nov.

A species described in 2004, M. exotica was originally col-
lected from the Cuc Phuong Forest Reservation, Ninh
Binh Province, Vietnam. It has a clear orange, upright bud
and male flowers, below which small yellow bananas de-
velop.

M. flavida M. Hotta

M. gracilis Holttum

A beautiful plant (<2 m [6.6 ft] tall), with narrow, magenta
and green striped fruits, and an upright pink-purple bud.
Native to Malaysia and Thailand.

M. salaccensis Zoll. Common name: Javanese wild banana
M. suratii G. C. G. Argent
M. violascens Ridley

A fairly short ornamental plant, with mauve bud bracts.
Occasionally found in Hawai‘i’s botanical gardens. This
species is often confused with M. ornata.

Section MUSA (former section) EUMUSA (chro-

mosome number: x = 11)

Most cultivated varieties (cultivars) of edible banana origi-
nated from two species in this section, M. acuminata and
M. balbisiana.

Musa acuminata Colla.

Synonyms: M. chinensis Sweet, M. corniculata Kurz, M.
rumphiana Kurz, M. simiarum Kurz

A variable species with six to nine subspecies, depending
on the authority (eight are described here). Recent genetic
studies have identified which subspecies were probable
parents of some important edible cultivars worldwide (see
Part 2). Recent expeditions have focused on finding, ana-
lyzing, and attempting to protect the myriad forms of this
species, in the hopes that banana breeders will be able to
develop more—and better—strains of disease-resistant ba-
nanas. Because of the increasing incidence of debilitating
pests and banana diseases, together with increasing world
populations, breeders are expending great effort to develop
desirable seedless bananas, suitable for growing under a
wide range of environmental conditions and appropriate
for many cultural food preferences. M. acuminata’s native



habitat ranges throughout SE Asia (west to Myanmar)
and Papua New Guinea.

subspecies banksii (F. Muell.) Simmonds. North In-
donesian islands, Papua New Guinea, and northern
Queensland, eastward to Samoa, where it is called ‘Fa‘i
Taemanu’ (rare today).

Synonym: M. banksii F. Mueller

This is a key subspecies for those interested in edible,
hybrid bananas that arose within the Pacific, since it is
considered to be both maternal and paternal parents of
Plantain and ‘Popo‘ulu’ subgroups, and the maternal par-
ent of the ‘Maia Maoli’ subgroup. Maoli bananas, char-
acterized in part by 15-20 cm (6-8 in), sausage-shaped
fruit with rounded tips, are the primary clone represent-
ed in Oceania, ranging from the western Pacific >6400
km (>4000 mi) eastwards to the Marquesas Islands.

subspecies burmannica Simmonds. Burma, southern

India and Sri Lanka.

subspecies burmannicoides DeLanghe. Southern India.
subspecies errans Argent. Common names: Fleur de
banane des Philippines, saging maching, saging na ligao,
saging chongo, agutay (Philippines)

Synonyms: M. errans Teodoro, M. troglodytarum L. var.

errans, M. errans Teodoro var. botoan

Another banana that was significant in the past for its
maternal contributions to many AA and AAA dessert
bananas. It is a very pretty subspecies, with a blue-violet
pendent bud and very pale green immature fruit.

subspecies malaccensis (Ridley) Simmonds. Peninsular
Malaysia and Sumatra.
Synonym: M. malaccensis Ridley

Paternal parent of ‘Silk AAB, the “true apple” banana,
common in the West Indies (not to be confused with
“apple” bananas of Hawai‘1). The clone ‘Pisang Lilin’ is a
derivative of this subspecies.

subspecies microcarpa (Beccari) Simmonds. Borneo.
This subspecies has given rise to the clone ‘Veinte Co-
hol’.

subspecies siamea Simmonds. Cambodia, Laos and
"Thailand.

subspecies fruncata. Peninsular Malaysia (highlands)

subspecies zebrina (Van Houtte) R. E. Nasution. Java.
Common Name: Blood banana

Synonyms: M. acuminata Colla subsp. sumatrana (Becc.)
A.N. Other, M. acuminata Colla ‘Sumatrana’ Hort., M.
sumatrana, M. sumatrana ‘Rubra

'This subspecies was transported not only eastwards into
the Pacific, but west to Africa, where it evidently became
the paternal parent of the Mutika/Lujugira subgroup
AAA (aka East African Highland Bananas).

'This plant has striking dark green leaves splotched with
variably sized maroon patches. Thriving under heavy
shade, it is also characterized by very slender pseud-
ostems and small, slender, prominently “beaked” fruits

tull of grape-like seeds.

In Hawai, it may be seen only occasionally, primarily in
botanical gardens such as Waimea Valley Audubon Cen-
ter, and Lyon Arboretum (O‘ahu), and rarely in private
gardens. It is of cultural significance in Hawai‘i, because
it is possibly the only seeded banana variety introduced
as a medicinal plant by pre-Cook Polynesians. As such,
it is called ‘Maia ‘Oa’, although there has been much
local confusion with other seeded bananas, particularly

M. balbisiana.

M. balbisiana Colla. Common names: Balbisiana, Balbis
banana, Starchy banana, Mealy banana, Seedy banana,
Wild (starchy) banana, Devil banana and Seeded “apple”
banana (Maui, Hawai‘i), Pisang Klutuk Wulung, Botohan,
and Pacol (Philippines).

Synonyms: M. brachycarpa Back., M. liukiuensis (Matsum.)
Makino, Musa x sapientum var. liukiuensis Matsum., M.
sapientum L. var. liukiuensis Matsum. M. sapientum L. var.
pruinosa

This species is extremely robust, fast-growing, and drought-
resistant. The wild, seedy forms are much less variable than
M. acuminata, although five morphotypes have been de-
scribed. It is found in Hawai‘i (Maui, O‘ahu), likely having
been introduced from the Philippines into O‘ahu in the
late 1800s with the fiber plant, abacd (M. textilis). It even-
tually became a useful windbreak. M. balbisiana is one of
the parents of many edible seedless bananas. It is native to

Southeast Asia from Sri Lanka to the Philippines.

M. basjoo Sieb. Common names: Japanese (fiber) banana
Synonym: M. japonica

Used for fiber and as an ornamental. Native to Japan (in-
cluding the Ryuku Islands), this is probably the world’s
most cold-hardy banana. It is a medium-sized plant (to 5
m [16 ft]) similar to abacd, with a beautiful, rounded, large
green and yellow, shiny bud and inedible fruit. It is also
used for fiber, elegant fabrics, and as an ornamental.
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M. cheesmani Simmonds
M. flaviflora Simmonds

M. halabanensis Meijer. Common name: West Sumatra
wild banana

M. itinerans Cheesman
M. nagensium Prain

M. ochracea Shepherd

M. schizocarpa Simmonds

M. sikkimensis Kurz

Synonym: M. hookerii King

Section RHODOCHLAMYS (chromosome

number: x = 11)

Many highly ornamental species are found in this section.
M. aurantiaca Mann ex Baker

M. laterita Cheesman. Common name: Indian dwarf ba-
nana.

Native to Myanmar (Burma) and Thailand, this is an or-
ange-red budded ornamental bearing yellow female flow-
ers.

M. mannii H. Wendl. ex Baker. Common name: Mannii,
dwarf banana

'This little known species from Assam, rare in the wild, has
recently been discovered by horticulturalists, propagated,
and made available to tropical plant enthusiasts. A dwarf
ornamental (ca. 1 m [3.3 ft] tall), its most notable features
are bright pink-purple fruiting stems and bud bracts.

M. ornata Roxb. Common names: Ornamental banana,
flowering banana, ornata
Synonym: Musa rubra Wall.

Originally hailing from Bangladesh, Burma and India, this
species is probably the most widely planted ornamental
banana in the tropics and subtropics. In Hawai‘i, M. or-
nata is occasionally grown in botanical and private gardens,
particularly along the wet, windward coasts.

M. rosacea Jacq.
M. rosea Baker
M. rubra Wall. ex Kurz

M. sanguinea Hook. f.

Synonym: Musa x paradisiaca L. ssp. sapientum (L.) Kun-
tze var. sanguinea Welw.)

Another striking ornamental from northern India, this one

(like M. mannii) has a pink-purple bud and fruit stalk. The
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bud bracts are whitish inside, and immature fruits are pale
green.

M. velutina H. Wendl. and Drude. Common names: Fuzzy
(pink) banana, self-peeling banana, pink banana, hot pink

banana, Velutina

Native to northern India, it is widespread in tropical bo-
tanical gardens, and is becomingly increasingly available for
homegardens. Its upright “hot” pink bud, whose bracts are
crowded with bright yellow flowers, produce small, fuzzy,
fat, bright pink bananas. Their white inner flesh is packed
with black seeds, which germinate readily, although rather
slowly. This banana’s species name, wvelutina, means “vel-
vety”, as indeed it is. When ripe, the banana’s flesh bursts
through its skin at the apex, then proceeds to “peel itself”,
true to its alternate common name, “self-peeling banana”.
In Hawaii, this species thrives wherever it is planted, espe-

cially in wet, windward regions. It can grow at least as high
as 1100 m (3600 ft) on Haleakala, Maui.

Incertae sedis (taxa with uncertain taxonomic posi-
tions)

M. boman Argent (x = ?)
A tall plant from New Guinea with a glossy yellow bud,
resembling abacd (M. textilis).

M. ingens Simmonds (chromosome number: x = 7)

This is the world’s largest herb, and can reach 15 m (49 ft)
in height and 2.5 m (8 ft) in circumference at the base. It
is found on the island of New Guinea between 1000 and
2100 m (3300—6900 ft) in elevation.



Part 2: Cultivated varieties
(cultivars) of edible bananas

Most edible bananas originated from two species in the sec-
tion MUSA, M. acuminata and M. balbisiana. The cultivars
are either hybrids among subspecies of M. acuminata (see
Part 1) or between M. acuminata and M. balbisiana. These
hybrids are diploid (two sets of chromosomes), triploid
(three sets, the most common and important ploidy), or
tetraploid (four sets). A perceptive observer can usually de-
duce a variety’s genome (i.e., its ploidy and relative content
from M. acumniata and M. balbisiana) by observing leaf
thickness, size, and orientation, and by using a scoring sys-
tem that considers 15 morphological characteristics. How-
ever, ploidy is best determined by chromosome counts or
flow cytometry. These include pseudostem (“trunk”) color,
leaf stem (petiole) structure, fruit stalk (peduncle) hairi-
ness, shape and size of the male bud, scars left from fall-
ing flowers on the lower fruit stalk (rachis), and details of
the male flowers. When denoting each cultivar’s genome,
a lettering system is used. For example, M. acuminata and
M. balbisiana are diploids, with genome AA and BB, re-
spectively, and AA and AB clones are cultivated. Hybrid
triploids are classified as AAA, AAB, or ABB. Tetraploid
bananas (mostly products of breeding programs) may be

AAAA, AAAB, AABB, or ABBB.

M. acuminata evolved primarily in tropical rainforests in
Southeast Asia, whereas M. balbisiana originated in mon-
soon areas in northern Southeast Asia, and southern Asia.
Thus, pure M. acuminata cultivars developed first in South-
east Asia and its hybrids with M. balbisiana arose where
distributions of the two species overlapped. As newly

Seeded fruit of M. balbisiana. pHOTO: R. PLOETZ

discovered hybrids were carried by indigenous peoples by
land and sea, more opportunities for hybridization arose,
especially since not all were completely sterile. However,
variation in the crop in its secondary centers resulted pri-
marily from mutations in the cultivars.

Major secondary centers of diversity occur in West Af-
rica (Plantain subgroup), Polynesia (Maoli-Popo‘ulu and
Iholena subgroups, aka Pacific Plantains), and East Africa
(Mutika/Lujugira subgroup, aka East African Highland
Bananas). With the exception of hybrids from the breeding
programs, all cultivars discussed below are natural hybrids.
Over thousands of years, they were selected by people and
henceforth propagated vegetatively as clones. They can
produce fruit without fertilization, which is called “parthe-
nocarpy.” Many cannot interbreed because they are sterile.
Bananas produce basal suckers (called 4ei4i in Hawai‘i, the
local word for “children”), which can be used to propagate
an individual plant vegetatively. Only recently have the
origins of the hybrids begun to be understood (see Part 1).

The edible bananas are highly diverse. Some of the most
variable traits include: plant stature and architecture; suck-
er production; pigmentation; bunch size, orientation, and
shape; fruit size, shape, color, and taste. Estimates of the
numbers of cultivars that occur worldwide range from 300
to more than 1000. Common names that have been given
to some of the cultivars are ambiguous. There are hundreds
of duplicate names and close clonal relatives found in ev-
ery region of every banana-growing country. There are so
many names that even compiling lists for specific countries
or regions is a daunting task. For example, ‘Lady(’s) Finger’
has been used to name at least four distinct AA, AB, and
AAB clones.

In the following list, cultivars and groups of cultivars with an
acuminatal balbisiana heritage are listed alpha-
betically within a given genome. Where it first
appears, the most widely used common name of
a cultivar is listed in boldface type. Other, less
commonly used names are listed thereafter, and
specific countries or regions in which the names
are used are listed in parentheses. Bananas that
are hybrids between M. acuminata and M. fex-
tilis, and M. acuminata and M. schizocarpa are
unimportant and not included below. The Fe'i
bananas, which arose from a different group of
Musa spp. in the AUSTRALIMUSA section,

are covered separately at the end of Part 2.

AA GENOME

Cultivars with an AA genome are most abun-
dant in Malaysia, Indonesia, India, and Papua
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New Guinea (the only place where AA clones are com-
mon). They are cultivated due to their extraordinarily
sweet, fine quality fruit. In general, they are less hardy than
triploid cultivars.

Inarnibal subgroup
‘Inarnibal’ (Philippines) lit. “syrup”

Other common names: ‘Pisang Lemak Manis’ (Malaysia);
‘Pisang Lampung’ (Indonesia); Pisang Berlin (Indonesia)

Lakatan subgroup (There is an accession of this
cultivar in Australia with an AAA genome.)

‘Lakatan’ (Philippines)
Other names: ‘Pisang Berangan Merah/Kuning’ (Malay-

sia), ‘Pisang Barangan Merah/Kuning’ (Indonesia), ‘Kluai
Hom Maew’, ‘Kluai Ngang Phaya’ (Thailand); Mapang

A delicious, much-loved cultivar, commonly grown in the
Philippines. Not to be confused with the tall Cavendish
cultivar ‘Lacatan’ (AAA).

Pisang Lilin subgroup

‘Pisang Lilin’ (Malaysia, Indonesia)

Other names: ‘Lidi’, ‘Pisang Lidi’, ‘Pisang Empat Puluh
Hari’, ‘Pisang Lemak Manis Terenganu’, ‘Pisang Lemak
Manis Kelantar’, ‘Pisang Mas Sagura’, ‘Pisang Ekor Kuda’
(Malaysia); ‘Mama-on’ (Philippines); ‘Pisang Lemak Ma-
nis’, Pisang Muli’ (Indonesia); ‘Kluai Lep Mu Nang’, Kluai
Thong Ki Maew’, Kluai Thong Kap Dam’ (Thailand),
‘Chuoi Tien' (Vietnam).

Sucrier subgroup

‘Sucrier’ (Fr. lit. “sugar bowl or basin”)

Other common names: ‘Lady’s Finger’ (Hawai‘); ‘Amas’,

‘Caramelo’, ‘Kamoros’ (Philippines); ‘Pisang Mas’ (Ma-

Left: ‘Sucrier’. proro: 1. MacuIRE Right: ‘Sucrier’ fruit. pHOTO: A. K. KEPLER
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laysia, Indonesia); ‘Kluai Khai’ (Thailand); ‘Sagale Nget-
Pyaw’ (Burma/Myanmar); ‘Surya Kadali’ (India); ‘Kudud’
(Pohnpei, Federated States of Micronesia); ‘Sucrier’, ‘Su-
crier Fig’, ‘Fig’, ‘Datil’, ‘Honey’, ‘de Rosa’, ‘Fig Sucré’ (West
Indies); ‘Orito’ (Ecuador); ‘Lady Finger’, ‘Nino’ (Florida);
‘Bocadillo’ (Colombia); ‘Banana Ouro’ (Brazil), Peru’, ‘Fig’,
Tinito (French Polynesia); ‘Rose’, ‘Golden Early’, ‘Date’,
‘Fig’, ‘Dedo de Dama’, ‘Nifno’, ‘Manices’, ‘Guineo Blanco’,
‘Cambur Titiaro’ (Latin America), ‘Parika’ (Guyana).
‘Sucrier’, originating in Malaysia, is the most widely culti-
vated AA cultivar and is one of the world’s most popular
local bananas. Its finger-sized fruit are deliciously sweet.
The plant resists Panama disease (Fusarium wilt) and
thrives when grown in partial shade. Its fruit length de-
pends on soil and climate, reaching 1.6—2 in (4—5 in) under
perfect growing conditions. It is rare in Hawai‘i.

Other AA cultivars

‘Chingan’ (India)

Other common name: ‘Manniyilla Chingan’ (India)
‘Hapai’ (Hawai‘i) lit. “pregnant”

Other names: ‘Hapu’ (Tahiti) lit. “pregnant”

The AA genome has been assigned to this previously un-
classified, rare Polynesian banana, based on morphological
characters. Occasionally, the bananas of this clone develop
within the pseudostem, causing a swelling that is reminis-
cent of pregnancy, thus the name.

“Tuu Ghia/Gia’

A variety introduced into several Pacific islands with a dis-
tinctive long bud and “messy” rachis is resistant to black
Sigatoka disease and is used in breeding.

Miscellaneous AA cultivars

‘Malaysian Blood’, ‘Pisang Jari Buaya’ (Indonesia, Ma-
laysia), ‘Rose’ (Indonesia), ‘Senorita’ (Philippines), ‘“Tapo’,
and numerous PNG cooking cultivars.

AB GENOME

AB cultivars are uncommon. Among these, ‘Ney Poovan'is
grown most widely, due to its exceptional flavor.
Kamarangasenge subgroup

‘Sukari Ndizi’ (also, ‘Sukali Ndizi’) (Uganda)

Other common name: ‘Kamarangasenge’ (Rwanda)

- < -|
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AA cultivar ‘Peleu’ typical of PNG, growing in Pohnpei.

PHOTO: J. DANIELLS

Ney Poovan subgroup

‘Ney Poovan’ (India)

Other common names: ‘Safet Velchi’ and ‘Chini Champa’
(India); ‘Kisubi’ (Uganda); ‘Ranel’ (Sri Lanka); ‘Apple’, ‘Fa-
rine France’, ‘Lady’s Finger’ (West Indies)

‘Ney Poovan’ produces a sweet, subacid fruit with white
flesh. Older reports that indicate that the cultivar resists
Panama disease are in error.

Other AB cultivar

‘Kunnan’ (India)

AAA GENOME

Cavendish subgroup

This is a most significant subgroup of edible bananas. The
Cavendish cultivars produce fruit that are used in inter-
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national commerce; they are major export commodities
in Central America, South America, the Caribbean, West
Africa, and the Philippines. Local production of these
clones is of even greater importance. In total, Cavendish
cultivars are the most popular and valuable of the edible
bananas; they comprise over 40% of these fruit that are
produced worldwide. In equatorial lowlands where the
ambient temperatures are high, fruits turn greenish-yellow
when ripe, although where temperatures are a bit cooler or

when artifically ripened, they turn bright yellow.

The subgroup is resistant to Panama disease in the western
tropics, but is susceptible to the Sigatoka leaf spots; man-
agement of the latter disease is a major expense in com-
mercial production, especially in areas with high rainfall.

The various clones are similar except for their height and
characteristics of the bunch and fruit. In general, the trades
have chosen productive cultivars of moderate stature (tall
clones lodge in high wind and are difficult to harvest). All
but ‘Extra Dwarf Cavendish’ are productive if they are pro-
vided with ample fertilizer and water. The list below is in
descending order of the height to which they will grow in
a given location (for a given cultivar, height varies greatly
with elevation, temperature, and water supply).

‘Pisang Masak Hijau’ (Malaysia) (lit. “green ripe banana”)

Other common names: ‘Hamakua’ (Hawai‘); ‘Bungulan’
(Philippines); ‘Lacatan’ (western tropics); ‘Pisang Buai,
‘Pisang Embun Lumut’ (Malaysia); ‘Pisang Ambon Lo-
emoet’ (Indonesia); ‘Kluai Hom Kiau’ (Thailand); “Thihm-
we’ (Burma/Myanmar); ‘Sapumal Anamalu’ (Sri Lanka);
‘Bout Rond’ and ‘Giant Fig’, ‘Congo’ (West Indies); Mes-
tica’ (Brazil); ‘Monte risto’ (Puerto Rico), ‘Chuoi Tieu Cao
#1 (Vietnam); ‘Siaine’ (Tonga, also general name for Cav-

endish Group); ‘Amoa Kauare’ (Cook Is.); ‘Veimama’ (Fiji)

'This cultivar is usually too tall for commercial production.
It is grown in Jamaica and Puerto Rico, and used for coffee
shade in Colombia and Ecuador. In Hawai'i, it was recent-
ly wiped out on O‘ahu by bunchy top disease; the authors
have not yet found it elsewhere in the State.

‘Giant Cavendish’ cultivars

Other common names: ‘Veimama (Fiji); ‘Giant Chi-
nese’ (general name); Mons Mari’, “Tall Mons Mari’
(Queensland); ‘Williams’, ‘Williams Hybrid” (Australia
and most Pacific islands, including Hawai‘i); ‘Harichal’
(India); ‘Robusta’, ‘Nain Gént’, ‘Giant Governor’ (West In-
dies); ‘Nanicd' (Brazil); ‘Pisang Cina’ (Malaysia); ‘Robusta’,
‘Valery’ (Central America, Jamaica, Hawaii); ‘“Taiwan’
(Hawai1), ‘Porto Rique’ (Dominica, West Indies); ‘Poyo’
(Guadeloupe); ‘Congo’ (Surinam—see also ‘Pisang Masak
Hijau’); ‘Maghrabi’, ‘Williams” (Egypt); “Tumok’ (Philip-
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pines); ‘Pisang Ambon Hijau’ (Indonesia); ‘Kluai Khlong
Chang’ (Thailand); ‘Chuoi Tieu Nho' (Vietnam); ‘Siaine’
(Tonga, also name for general Cavendish Group); Fa'i
Palagi (Samoa, also general name for Cavendish Group);
‘Amoa Taunga’ (Cook Is.); ‘Vaimama Leka’ (Fiji); ‘Saina’
(New Guinea); ‘Congo’ (Surinam); ‘Bijiaw’ (China); ‘Amoa
Taunga’, Amoa Kauare’ (Cook Islands); ‘Siaine Haamoa’
(Tonga); ‘Hamoa’ (French Polynesia); ‘Utin Wai’ (Pohnpet,
Federated States of Micronesia).

There are several ‘Giant Cavendish’ cultivars that are so
similar that they cannot be distinguished unless they are
planted side by side. Even their male flowers are indistin-
guishable. Mid-way in stature between ‘Pisang Masak Hi-
jau’ and ‘Dwarf Cavendisl’, they may differ in height by
about 40 cm (1 ft) and exhibit subtle differences in bunch,
finger, trunk, and rachis morphology and color.

‘Grande Naine’ (also ‘Grand Nain’) (Fr. lit. “big dwarf”)

Other common names: ‘Umalog’ (‘Umalag’ is another
spelling) (Philippines); ‘Pisang Ambon Jepang’ (Indone-
sia); ‘Chuoi Va Huong’ (Vietnam)

‘Grande Naine’ is the most important commercial clone
worldwide due to its resistance to wind throw and produc-
tion of large bunches and fingers despite its relatively small
stature. It should be understood that these height designa-
tions assume that the different clones are being compared
side-by-side, i.e., growing simultaneously in the same lo-
cation. It can be sensitive to drought and other adverse
soil conditions. In Hawai‘i, it is occasionally seen at high
elevations.

‘Dwarf Cavendish’

Synonyms: M. cavendishii Lamb., M. cavendishii Lamb. &
Paxt., M. cavendishii Paxt., M. nana auct. non Lour., M. si-
nensis Sweet ex Sagot

Other common names: ‘Cavendish’, ‘Chinese’, ‘Dwarf
Chinese’, ‘Pake’ (Hawai‘i); ‘Poot’, “Tampohin’, Tampihan,
‘Sulay Baguio’ (Philippines); ‘TJainaleka’ (Fiji); ‘Fa‘t Pa-
lagi’ (also refers to ‘Giant Cavendish’in Samoa) (Samoa);
‘Chuoi Duu’ (IndoChina); ‘Canary Banana’, ‘Dwarf Ca-
vendish’ (general); ‘Pisang Serendah’ (Malaysia); ‘Pisang
badak’ (Indonesia); ‘Kaina Vavina’ (Papua New Guinea);
‘Dwarf Cavendish’ (Australia); ‘Ai Keuk Heung Ngar Tsiu’
(Hong Kong); ‘Kluai Hom Khieo Khom', ‘Kluai Hom
Kom’ ('Thailand), ‘Wet-ma-lut’ (Burma/Myanmar); ‘Bana-
ne Gabou’ (Seychelles); ‘Pacha Vazhai’, ‘Mauritius’, ‘Vama-
nakeli’, Pachawara’, ‘Basrai’, ‘Kabulee’, ‘Bhusawal’, ‘Jahaji’
(India); ‘Binkehel’, ‘Nanukehel’, ‘Pandi’ (Sri Lanka); ‘Kin-
guruwe’, ‘Malindi’ (Tanzania and Zanzibar), ‘Nyoro’ (Ke-
nya); ‘Giuba’ (Somalia); ‘Mouz siny’, ‘Moz Hind{’, ‘Hind{,
‘Indian’, ‘Basrai’ (Egypt); ‘Bazrai’ (Pakistan); Johnson’ (Ca-



nary Islands); ‘Camyenne’ (Guinea); ‘Guineo Enano’, ‘Pe-
tite Naine’, ‘Governor’ (West Indies); ‘Camburi Pigmeo),
‘Enano’ (lit. “dwarf”) (Latin America); ‘Ana’, Ananica’, ‘Ca-
turra’ (Brazil); ‘Mei'?, ‘Meika Kina', ‘Kira’ (French Polyne-
sia); ‘Chuoi Tieu Lun’ (Vietnam); ‘Siaine Tonga’ (Tonga);
‘Amoa Taunga Potopoto’ (Cook Is.); ‘Park-yuk’ (China)

This is the most widely distributed clone of edible banana
worldwide; it is also the shortest used for commercial pro-
duction. It bears good-quality fruit, with a long transport
life if picked at the correct maturity (which is a general
character of Cavendish subgroup), and is well suited for
homegarden, commercial, and agroforestry cultivation.
Short and compact, it is relatively cold-tolerant. However,
it is highly susceptible to banana bunchy top virus, and
chokethroat (impeded bunch emergence) where temper-
atures below 15°C (59°F) occur for extended periods. In
Hawai‘i, ‘Dwarf Chinese’ is grown everywhere from the

Haiku, Maui. puoros: . k. KEPLER

lowlands to the coldest elevations which banana tolerates
(approximately 1300 m [4260 ft]).

‘Double’

Sometimes called ‘Miahoe’ or ‘Mahoi’ in error, because it
is different from the true ‘Mahoe’ in the Maoli-Popo‘ulu
Group, is a ‘Dwarf Chinese’ mutant that produces 27
bunches per plant (these are surprisingly common in
French Polynesia), but evidently occur wherever this clone
is grown.

‘Extra Dwarf Cavendish’

Other names: ‘Dwarf Parfitt’ (Australia); ‘Dwarf Nathan’
(Israel)

This clone, less than 1 m (3.3 ft) tall, does not produce ac-
ceptable fruit and is used as an ornamental plant.

Left: ‘Williams’, a ‘Giant Cavendish’ cultivar. Ulaino, windward Maui, Hawai‘i. Right: Young ‘Dwarf Cavendish’ bunch.
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Gros Michel subgroup

Members of this subgroup are listed below in descending
order of height. They can be confused with members of the
Cavendish subgroup (note common names in Burma and
Sri Lanka). Cultivars in the Gros Michel subgroup can
be distinguished from those in the Cavendish subgroup
by their green/pale pink vs bright red undersheath, bottle-
necked fruit, ripening to full yellow color at ambient equa-
torial temperatures, short pedicels, and extreme suscepti-
bility to Panama disease in the Americas and Africa. These
clones produce a few seed when pollinated and have been
used in the breeding programs.

‘Gros Michel’ (West Indies)

Other common names: ‘Bluefields’ (Hawai‘1); ‘Jainabalavau’
(Fiji); ‘Au Malie’, ‘Fa‘i Fia Palagi’ (Samoa), ‘Pisang Emburn,
‘Pisang Ambon’ (Malaysia); ‘Pisang Ambon Putih’(Indone-
sia); ‘Kluai Dok Mat’, ‘Kluai Hom Thong’ (Thailand); ‘Ava-
bakor’, ‘Disu’ (Papua New Guinea); ‘Anamala’ (Sri Lanka);
“Thihmwe’ (Burma/Myanmar); ‘Guineo Gigante’, ‘Guaran’
(Puerto Rico); ‘Raimbaud’, ‘Makanguia’ (French Antilles);
‘Banano’, ‘Habano’, ‘Guineo’ (Colombia); ‘Plantano Roatan’
(Mexico); Jainabalavu (Fiji); ‘Siaine Fisi’ (Tonga); ‘Amborn’
(Philippines); ‘Chuoi Tieu Cao #2’(Vietnam)

‘Gros Michel’ is a vigorous plant, but is tall (7 m [23 ft]
or more) and very prone to wind damage. It produces
excellent fruit that are more durable than those of the
‘Cavendish’ cultivars. It was the standard for export until
the mid-1900s, but was eliminated from commercial pro-
duction due to widespread and destructive epidemics of
Panama disease. As a result, members of the Cavendish
subgroup replaced this clone in most of the affected areas.
Isolated pockets of ‘Gros Michel production remain, espe-
cially where disease suppressive soils exist. ‘Bluefields’, the
cultivar’s name in Hawai‘i, is the port in Nicaragua from
which the clone was sent to the island.

‘Cocos’ (Honduras), ‘Highgate’ (Jamaica)

These smaller versions of ‘Gros Michel were used exten-
sively in breeding programs, especially in Jamaica and
Honduras. Several hybrid bananas developed in Honduras
in the FHIA program have proven to be disease-resistant,
highly productive, basically seedless, and of generally ac-
ceptable taste. They are currently being introduced to many
Pacific islands (e.g., Micronesia, Samoa, Tonga, French
Polynesia) to eventually supplement more established ba-
nanas that are being weakened and killed by introduced
pests and diseases.

‘Lowgate’ (Honduras)
This smallest version of ‘Gros Miche!’is used in the FHIA

breeding program.
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; o
‘Gros Michel'. Puohokumoa Stream, Maui. ruoro: a. k.
KEPLER
Ibota subgroup
‘Yangambi Km 5’

Mutika/Lujugira subgroup
Synonym.: Musa brieyi De Wild.

These bananas, known generically as the East African
Highland Bananas, are staple foods in the Rift Valley re-
gion of East Africa, especially in Burundi, Rwanda, and
Uganda. They are found nowhere else in the world, and are
an example of secondary diversity in the bananas develop-
ing outside Southeast Asia. They are cooked and brewed
for beer, and are diverse. Over 200 cultivars are recognized
in Uganda, five clone sets of which are recognized: ‘Beer’,

‘Musakala’, ‘Nakabululu’, ‘Nakitembe’, and ‘Nfuuka’.



Red subgroup

‘Red’

Other common names: Jainadamu’ (Fiji); Fa‘i Suka’, ‘Fa'i
Niue’ (Samoa); ‘Morado’ (Philippines); ‘Pisang Raja Udang’
(Malaysia); ‘Rong Rong’ (Papua New Guinea); ‘Kluai
Nak (Thailand); ‘Shwe Nget-Pyaw’ (Burma/Mynamar);
‘Chenkadali’, ‘Lal Kera’ (India); ‘Rathambala’ (Sri Lan-
ka); ‘Rouge’ (Seychelles); ‘Neuse’, Nyekundu Ya Kisungu’,
‘Mzungu Mwekundu’ (East Africa); ‘Morado’, ‘Colorado’,
‘Figue Rouge’, ‘Red’, ‘Claret’ (West Indies); ‘Red Dacca’
(Queensland); ‘Tafetan’ (Colombia); ‘Banana Roxa’ (Bra-
zil); ‘Kinaki Tangata’ (Cook Islands); ‘Akadahn Weitahta’
(Pohnpei); ‘Red’, ‘Cuban Red’, ‘Pink banana’ (Hawai‘1)

A beautifully pigmented plant with deep red trunk, petioles,
and midribs. It produces moderately sized bunches of fruit
that have a reddish-green to deep maroon skin (depending
on age and exposure to direct sunlight), and light orange
flesh. They are usually eaten raw before getting mushy and
fall apart when cooked or too ripe, although they can be
cooked in their jackets.

‘Green Red’

Other common names: ‘Pisang Mundam’ (Malaysia);
‘Warabia’ (Papua New Guinea); ‘Green Dacca, ‘Red Raja’
(Queensland); ‘Venkadali’ (India); ‘Galanamalu (Sri Lan-
ka); ‘Banane Monsieur’ (Seychelles); ‘Nyeupe Ya Kisungu’,
‘Mzungu Mweupe’ (East Africa); ‘Morado Verde’, ‘Colora-
do Blanco’, Figue Rose Blanche’,‘Green Red’(West Indies);
‘Tafetan Verde’ (Colombia); ‘Caru Verde’ (Brazil); ‘Mora-
dong Puti’ (Philippines); ‘Pisang Telor’ (Indonesia); ‘Kluia
Kung Khieo’ (Thailand); “Tara Puakanio’ (Cook Islands);
‘Green-Red’, ‘Colorado Blanco’ (old name) (Hawai‘i);
‘Akadahn’ (Pohnpei); ‘Green Macaboo’ (Florida)

The Red/Green Red cultivars are related, in that those in
the red series often give rise to a green form (the reverse
has not been recorded). They are usually tall plants, al-
though dwarf versions exist. They are moderate producers
that are grown primarily for their attractive and unusual
fruit. The fruits are usually eaten raw. Plants of the red
clones are highly pigmented and produce fruit that have a
red to deep maroon skin, and light orange flesh. They are
used as ornamental plants in Hawai‘i and elsewhere in the

Pacific.

Other AAA cultivar

‘Lakatan’ (Philippines) (Note that some clones by this
name are supposed to be AA.)

Other common names: ‘Pisang Berangan’ (Malaysia); ‘Pi-
sang Barangan’ (Indonesia);

AAB GENOME

'The Tholena and Maoli-Popo‘ulu subgroups together form
the “Pacific plantains,” the principal Polynesian basic types
of bananas from which many similar varieties evolved on
different Pacific archipelagos over thousands of years. Their

Top: ‘Dwarf Red’. Waip’io Bay, Maui. rroto: a. k. kepLER
Bottom: ‘Dwarf Red’ female flowers. proro: c. ELEVITCH
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history is closely linked to Polynesian migrations, trans-
ported as suckers over relatively short distances (island to
island). Their dissemination across the Pacific occurred
gradually. Once staple dietary items on high islands from
New Guinea to the Marquesas, they have sadly become
neglected, rare, and virtually unknown in many cultures.
Early visitors to Hawai in the late r700s and 1800s were
amazed at the prodigious numbers of “native” bananas
(primarily Maoli-type) which were grown by the Hawai-
ian people. However, dietary tastes have changed, and the
sweeter “dessert” bananas have largely displaced the native
bananas since the 1850s. Land clearing, copra plantations,
pests and diseases (especially banana bunchy top), plus
a market economy, have all contributed to the demise of
Polynesian bananas and plantains across the Pacific.

Today, only approximately half of the varieties that are
known across Polynesia exist in Hawai‘i, and most are rare.
Polynesian high islands such as the Samoas, Tonga, Cook
Islands, and French Polynesia still have some of these ba-
nanas here and there. Further west, Maoli, Pop6‘ulu, and
Iholena types may still be found abundantly in local mar-
kets, e.g., in Vanuatu.

Full descriptions and photographs of Hawaiian (with some
Pacific) varieties are being documented (Kepler and Rust,

unpublished).

Iholena subgroup

Iholena types are poorly represented in the Pacific these
days, but still survive (barely) in Samoa, French Polynesia,
Vanuatu, New Guinea, and perhaps elsewhere including
Tonga. In Hawai‘i, they are the most common traditional
bananas to be found in upland forests and are eaten cooked
or raw. Of approximately 50 “native” Hawaiian varieties
known historically, at least seven were ITholenas. Most are

rare or extinct; five are still found naturalized in reason-
able numbers. Three varieties (“Red” and “White” Iholenas,

both forms of Mai‘a [Tholena] Lele) and a Dwarf were

sent to the mainland USA more than 30 years ago.

Iholena types are graceful plants. Their most outstanding
characteristics are: a) new, unfolding (cigar) leaves with
striking mauve or coppery undersides; b) fruit pointed
at both ends with salmon-colored flesh; ¢) fruit arranged
loosely and at right angles on the bunch; and d) male flow-
ers with long, lavender stamens. Iholenas are characterized
by pale yellow-green immature fruits from earliest devel-
opment.

‘Fa‘i Mamae’ (Samoa)

Very rare, this clone is characterized by a distinct red peti-
ole rim and bright waxy-purple leaf undersides. Also called
‘Mama‘e Ulu’.
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‘Iholena Iholena’ (lit. “yellow core”) and its possibly extinct
dwarf form, ‘Tholena Ha‘a Ha‘a’ (lit. “short-short”)

Extremely rare in Hawai‘i, this banana is a semi-dwarf,
with a pale yellow-green pseudostem (blackish in ‘Ha‘@).

‘Tholena Kapua’ (the name refers to the slender, arrow-
shaped, beautiful flower bud). Other names: ‘Puapuanui’

'This is easily recognized by its extremely long, red, slender
fruit stalk (peduncle), and short-tapered fruit tips.

‘Tholena Lele’ (lit. “to fly”)

'This short-fruited Tholena was used in religious ceremonies.
It was planted at Aeiau (temples), not near houses, because
it was said to cause the souls of the house occupants to “fly”
away. It also bears a dark red peduncle (up to 1.2 m [4 ft]
long) and long pointed fruits with lengthly pointed tips.

‘Ore‘a’ (Tahiti)
'This is the French Polynesian equivalent of Iholena. They
appear to have been lost from the Marquesas but two or

three rare clones still survive on Tahiti and Raiatea, per-
haps also on Huahine.

Other Tholena clones include ‘Mamae Hehefanga’ (Ton-
ga); ‘Uzakan’, ‘Morpa’, ‘Yamunamba’, ‘Numeijo’, ‘Luba’
(Papua New Guinea)

Maoli-Popo‘ulu subgroup

Maoli subdivision

These distinctive bananas occur throughout Oceania, usu-
ally tended by islanders who recognize that they are part
of their Polynesian heritage. Like all Polynesian bananas,
they are particularly susceptible to pests and diseases, re-
quiring replanting every few years. This subgroup is best
recognized by its sausage-shaped fruit with blunt ends.
'The Maoli types are long, whereas Popo‘ulu types are fat
and squat, and bluntly square at their tips.

In Hawai‘i, the two subdivisions are easily distinguished.
However, in the western Pacific, bananas exist which pos-
sess characters of both subgroups: long like a Maoli, but
plumper and square-ended like a Popo‘ulu. In Tonga the
term Hopa means bananas of both Maoli and Popo‘ulu
types. In Pohnpei (FSM) bananas of this intermediate type
exist also such as ‘Peleu’and ‘Karat en Iap’ (unrelated to the
more common ‘Karat’bananas, which are Fe‘i) (Englberger
and Lorens, 2004).

In ancient Hawai'‘i, records exist for at least eleven Maoli
varieties, together with several subvarieties. Along with
new discoveries, there are currently twelve extant cultivars.
In the rest of the Pacific, Maoli varieties—the base clone



for the majority of Polynesian plantains—have survived a
little better than Popo‘ulu and Tholena bananas.

‘Manini’ (lit. “striped surgeon fish”), ‘Koa‘e’ (referring to
the bold, striped plumage of tropicbirds in juvenile plum-
age)

Other common names: ‘A‘ea‘e’ (lit. “hair prematurely gray-
ing”), ‘Hawaiian Variegated’ (Hawai‘i)

‘Manini’is a Hawaiian cultivar with green and white varie-
gation that covers the entire plant: leaves, leaf stalks (peti-
oles), immature and ripe fruit, even the male and female
flowers. The achlorophyllous tissues have a tendency to
sunburn. Grows to height of 6—7 m (20—23 ft), prefers acid
soil (<pH 6), will not tolerate neutral or basic soils, and
thrives best in cloudy or lightly shaded areas. The fruit are
best cooked, but are palatable raw when fully ripe.

‘Ele‘ele’ (lit. “black-black”)

Other common names: ‘Black Hawaiian’, ‘Hawaiian Black

Banana’ (Florida)

An attractive Hawaiian banana, this is extremely uncom-
mon, preferring streambeds and well-watered forested
areas. It is immediately recognizable by its shiny, black-
ish-burgundy trunk, leaf stalks, and midribs (especially in
wild, shaded locales). Its fruit is long, meaty, and delicious
fried. Its variants, ‘Poni’ (“purple”), ‘Hinupua‘a’ (“shiny like
hog grease”) and ‘Puna’ (region on the island of Hawai‘i)
are less black overall.

‘Ere‘ere’ (lit. “black-black”)

Other names: Iri mo‘o’ (“lizard skin”), Iri pa‘o’ (“black skin/
bark”)

This Tahitian variety appears to be virtually identical to
Hawai‘i’s ‘Ele‘ele’.
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Left: ‘Manini’ variegated leaves and fruit. pHoTo: A. k. kepLER Right: ‘Manini’ leaves of young plant. pHoTo: c. ELEVITCH

‘Fa‘i Samoa’ (lit. “Samoan native bananas”)

This group of plantains is the Samoan equivalent of Maoli
and Maoli-Popd'ulu types of cooking bananas. Several
varieties are still grown in gardens, although they are not
common: ‘Fa‘i Samoa’ (most often seen), ‘Fa‘i Samoa Pau
Manifi’ (“thin-skinned” Samoan banana), ‘Fa‘i Samoa Au
Malie’ (“shark-handle”, with longer fruit than Fa‘i Samoa
and less even fruit bunches). Fa‘i Samoa Puputa’, ‘Fa‘i
Samoa Lautele’, and ‘Fa‘i Samoa Lap Lapa’ are all rare.

‘Hai’/‘Haikea’ (waxy form of ‘Hai’, meaning “pale”)

Very rare in Hawai‘i, this clone has a reddish trunk and
very pink flowers.

‘Hopa’ (Tonga)

As indicated above, the Tongan “Hopas” include Maoli,
Maoli-Popo‘ulu, and Popo‘ulu types. Two varieties of
these sausage-like Maolis still in existence are: ‘Feta‘u’ and
‘Feta'u Hina’ (a whiter form). These can usually be seen on
Tongan farms in Hawai‘i.
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‘Maihoe’
Other common names: ‘Palua’, ‘Mana-lua’, ‘Hualua’

(Hawai‘)
Appears to be extinct.

‘Mangaro’ (Aitutaki, Cook Islands)
These are the Cook Island equivalents of Hawai‘i’s Maoli

types. At least five varieties still exist, only very rarely.
‘Mangaro Torotea’ has a very even, large bunch of fruit of
plump fruits, which are perfectly sweet and delicious when
still green. Rare (or nearly extinct) Mangaro varieties from
the Cook Islands are ‘Mangaro Manii’, ‘M. Aumare’, ‘M.
Taanga’, and ‘M. Akamou’.

‘Mao‘i’ (Marquesas Is.) and ‘Ma‘ohi’ (Tahiti)

Maofi are the French Polynesian equivalents of Maoli, a
clone almost revered in some areas because of its ancient
cultural associations. Most are rare, but are locally com-
mon in a few areas. Selected varieties still in existence (as

of 2004) are: ‘Maohi Huamene’, ‘Mio‘i Koka’, ‘Mao'i



Ku‘uhua’, ‘Mao'i Pukiki’, ‘Mei‘a Ma‘ohi Hai’ (Marquesas,
Tahiti), ‘Mei‘a Mao‘i Maita’ (Fatu Hiva, Marquesas). Doz-

ens of varieties have become extinct.

‘Maoli’ (lit. “native”)

A very attractive plant with pink coloration especially when
young, it has large bunches of even, sausage-shaped fruit.
It can be seen in botanical gardens in Hawai‘i. Throughout
Polynesia there are equivalents to this clone.

Other rare, extant Hawaiian Maoli varieties are: ‘Kaua-
lau’ (with distinctive dark red male flowers), ‘Manai ‘ula’
(with tough trunk fibers used for stringing leis), and ‘Puhi’
(whose young fruits are complexly oriented like a bunch

of young eels).

‘Pacific Plantain’

This striking Maoli cultivar has an unknown origin in the
western Pacific (Solomon Isands?). Beautiful and dark, it
resembles the dark ‘Ele‘ele’/‘Ere‘ere’ varieties (black trunk
and leafstalks), with dark green, sausage-shaped bananas.

4
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Other cultivars elsewhere include ‘Mei‘a Ma‘ohi Hai’ and
‘Mei‘a Mao‘i Maita’ (French Polynesia); ‘Comino’, ‘Pom-
po’ (Colombia); ‘Comino’, ‘Pompo’ and ‘Maqueiio’ (Ec-
uador); ‘Pacific Plantain’ (Australia)

‘Popo‘ulu’ subdivision (lit. “like the male fruiting
structure of breadfruit”)

Like Maoli, Popo‘ulu is a Hawaiian word; however, this
type of banana is found throughout the Pacific, although
in ever-decreasing numbers. Historically, Hawaii har-
bored at least eight cultivars, of which six are extant. The
most famous because of its size is the ‘Huamoa’ (see below).
Popo‘ulu cooking bananas range in size from 5—22 cm (2—9
in long), with some ‘Huamoa’ in Hawai‘ recently found
measuring 30 cm (12 in) in circumference. The fruits tend
to split when ripe, so they are usually harvested shortly be-
fore fully ripening on the stalk. They are delicious sauteed
or boiled, especially with coconut cream added.

Left: ‘Ele‘ele’ bunch. Ko‘olau Forest Reserve, Maui. Right: ‘Fa‘i Samox’. Apia, Samoa. PHOTOS: A. K. KEPLER
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‘Huamene’ (Tahiti) On the verge of extinction, formerly
widespread in French Polynesia.

‘Huamoa’ or ‘Moa’ (lit. “chicken” or “goose egg”)

Other names: ‘Hawaiiano’ (Florida, imported from
Hawai‘i)

This clone occasionally forms only a few, extraordinarily
large fruit on the bunch; otherwise, the bunch is normal,
but with fruit ranging from small eggs to 20 cm (8 in)
in length by 6 cm (2.5 in) in diameter. The Samoan ‘Fa‘i
Samoa Fua Moa’ is extremely similar and has a name with
the same meaning.

‘Ka‘io’ (lit. “like the round, bitter gourd”)
'The smallest of the Hawaiian Popo‘ulu fruit, of which only

one cluster of plants is known. Its taste varies from inferior
to delicious.

‘Lahi’, ‘Lahilahi’, or ‘Ili Lahilahi’ (lit. “thin-skinned”)
Hawai'‘i

A thin-skinned form of ‘Popo‘ulu Popo‘ulu’.

‘Mangaro Akamou’ (Aitutaki, Cook Islands)
'This Cook Islands’ Popo‘ulu has relatively few fruit.

‘Popo‘ulu Popo‘ulw’ (lit. “ball-shaped like a breadfruit”)

Very rare, this clone’s fruit is longer than most Popo‘ulu
fruit, more resembling the parental Maoli-type.
‘Putalinga’ (Tonga)

Probably the most red of all the Maoli-Popo‘ulu Group,
this beautiful “hopa” is associated with Tongans, either in
their homeland, Hawai‘i, or elsewhere. With a predomi-
nantly red trunk, red, purple, and yellow leaf stalks (peti-
oles), and a broadly oval bunch of chubby fruit that project
out perpendicularly to the axis. This is a notable Polynesian

specialty with several greener variants than the popular
‘Putalinga Kula’.

Mysore subgroup

Synonyms: M. x paradisiaca L. ssp. sapientum (L.) Kuntze
var. champa, M. sapientum L. var. champa Baker.

Other common names: ‘Liganimarama’ (Fiji); ‘Misiluki’
(Samoa); ‘Pisang Keling’ (Malaysia); ‘Kluai Kai Ferang’
(Thailand); ‘Nget-pyaw Chin’ (Burma/Myanmar); ‘Poovarn’,
‘Mysore’, ‘Champa’, ‘Lal Velchi’ (India); ‘Embul’, ‘Honde-
rawala’ (Sri Lanka); ‘Kikonde’ (Zanzibar); ‘Mysore’, “Thou-
sand Grain', Fillbasket’(West Indies); Mysore’ (Australia);
‘Pang’, ‘Kahiki Hae’, and ‘Dwarf Waimea' (Hawai'i)

This widely spread dessert clone is vigorous and resists
Panama disease and the Sigatoka leaf spots. Most acces-
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sions of it are infected with, and display symptoms caused
by, Banana streak virus (BSV').

Pisang Raja subgroup
‘Pisang Raja’
Synonym: M. regia Rumphias

Other common names: ‘Pisang Raja’ (Malaysia and In-
donesia); ‘Larip’, ‘Houdir’, ‘Kalamanawudu’ (Papua New

Guinea); ‘Grindy’ (Windward Islands); ‘Biu Raja’ (Java)

Plantain subgroup
Synonym: M. discolor Horan.

This diverse group of “true” plantains is not to be confused
with Pacific plantains or with other cooking bananas with
an ABB genome. Plantain fruit are often longer and far
more pointed. They comprise 21% of annual Musa produc-
tion worldwide, assuming their greatest dietary importance
in West Africa and Latin America. In these regions they
are a major source of dietary carbohydrates. Four subsets
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‘Putalinga Kula’. Tongan-owned farm, Waihe‘e, Maui. ruoto: a. k.
KEPLER

of cultivars are recognized based on the size and shape of
the bunch and fruit. Within the different sets are numer-
ous cultivars.

Members of the plantain subgroup are characterized by
long, curved, very starchy bananas. Some particularly large
horn plantains are the size and shape of bull horns, and are
named thus in different languages, e.g., ‘Kerepiha/Kerepifa’
or “beef’s horn” (Marquesas) and “Tara puatoro’ or “bull’s
horn”.

French plantains are generally differentiated from Horn
plantains by their retention of bud bracts on the stalk
(rachis) below the fruit, whereas Horn plantains develop
a small or nonexistent bud (putting all their energy into
the huge fruit). In other words, French plantains have a
very “messy” rachis and big bud below the fruit, whereas
the Horn plantains have a “clean” rachis, with little or no
bud on the end. Intermediate inflorescence characteristics
are found in the French Horn and False Horn subsets of
cultivars. Below are listed some prominent members in
each.

‘French’

Synonym: M. paradisiaca L., M. paradisiaca L.var. viridis De
Wild., M. purpureo-tomentosa De Wild., M. x paradisiaca

auct. non L.

Many ill-defined forms of French plantain exist, some over-
lapping with the next two clonal clusters: ‘Green French’,
‘Pink French’, ‘Wine’, ‘Black Frenchy’, “Tiger’, and ‘Giant’.

Some common cultivars: ‘Obino I’Ewai’ (Nigeria); ‘Njock
Kor', ‘Bobby Tannap’ (Cameroon); ‘Nendran’ (India);
‘Dominico’ (Colombia); “Tarapuakanio’ (CookIs.). French

plantains are known only in India, Africa,

Egypt, and the Americas.

‘French Horn’

Some common cultivars: ‘Mbang Okon’ (Ni-
geria); and ‘3 Vert’ (Cameroon)

‘False Horn’
Synonyms: M. decrescens de Briey

Some common cultivars: ‘Agbagba’ and ‘Or-
ishele’ (Nigeria); ‘Dominico-Hartén’ (Colom-
bia); ‘Cuerno’ (Central America); ‘Barragante’

(Ecuador) ‘Batard’

‘Horn’

Synonyms: M. corniculata Rumphias, M. cornic-
ulata Lour., M. emasculata de Briey ex De Wild.,
M. protractorachis De Wild.

Some common cultivars: ‘Ishitim’ (Nigeria);

‘Pisang Tandok’ (Malaysia)

Pome subgroup

'The Pome subgroup, prominent in places such as Brazil,
India, Hawai‘i, Cameroon, and Australia, is characterized
by fruit stalks that emerge at an angle until the fruit de-
velop, whereafter the rachis falls vertically. Fruit are dis-
tinctly “beaked” or “bottle-nosed” and have a particularly
subacid or “apple-like” taste. Because of this piquant flavor,
various cultivars have been named “apple” thereby confus-
ing these cultivars with ‘Silk’, the more widely recognized
“apple” banana.

‘Pome’

Other names or similar clones: ‘Apple’, “Tall Apple’, ‘Bra-
zilian', ‘Brazilian Tall’ (Hawai‘1); ‘Pisang Kelat Jambi’ (Ma-
laysia); ‘Vannar', ‘Virupakshi’, ‘Sirumalai’ (India); ‘Puwalu’
(Sri Lanka); ‘Kijakazi’ (Zanzibar); ‘Bakweri’ (West Afri-
ca); ‘Pome’ (Canary Islands); ‘Brazilian’ (Florida); ‘Lady’s
Finger’ (Queensland) and a newer variety ‘Improved La-
dy’s Finger’ (Australia, western Pacific islands, see ‘Pacha
Naadar’, below); ‘Rio’ (Tahiti, Marquesas); ‘Pime’ (Nuku
Hiva, Marquesas); ‘Krishna Vazhai’ (black-trunked sport,
India); ‘Pime pukiki’ (red-stemmed sport, slightly small-
er fruit), ‘Brazilian Red’, ‘Rio ‘Ute‘ute’, ‘Rio Rouge’, ‘Rio
Pukiki’ (French Polynesia); ‘Preisihl’ (Pohnpei, Federated

States of Micronesia).

These plants are sturdy, vigorous, highly productive and
can be quite tall. In Hawai‘i and French Polynesia, local
Pome-type clones are favored above all others. They are the
most common home-grown and island-grown commercial
banana.
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‘Prata Afa’
Other names: ‘Dwarf Apple’, ‘Dwarf Brazilian’, ‘Santa Ca-

tarina’ (Hawai‘i); ‘Prata Santa Catarina’ (Brazil)

In Hawai, this clone ranks second in cultivated area, yield,
and production. Its delicious fruit command high prices
due to their sweet-acid flavor and long shelf-life. The
plants are sturdy, vigorous and relatively tolerant to pests
and diseases.

‘Pacovan’ (Brazil), ‘Pacha Naadan’

Other names: ‘Pachanadan’ (India); Improved Lady Finger’
(Queensland); ‘Lady’s Finger’ (Western Pacific islands)

This dessert cultivar represents about 5% of Australian
production. It is drought hardy and resists strong winds.

20 Banana and plantain overview

Silk subgroup
‘Silk’
Synonyms: M. sapientum L., M. paradisiaca L. ssp. sapien-

tum (L.) Kuntze var. cubensis, M. berteri Colla, M. berteroi
Colla, M. berteroniana von Steudel

Other names: ‘Amorosa’, ‘Manzano, ‘Manzana’, ‘Lady
Finger’ (Hawai‘), ‘Apple’ (Florida); ‘Letondal’, ‘Latundan,
“Tordar!, “Tundan’, “Turdan’, Cantong’, ‘Amorosa’, ‘Katun-
gal’ (Philippines); ‘Silk Fig’, ‘Manzana’, ‘Manzano’, ‘Figue
Pomme’, ‘Apple’ (West Indies); ‘Rasthali’, ‘Sonkel’, ‘Mu-
theli’, ‘Morthoman’, ‘Sabari’ (India); ‘Kolikutt’ (Sri Lan-
ka); ‘Pisang Rastali’ (Malaysia); ‘Worodong’, ‘Maramba’.
‘Avundumong’ (Papua New Guinea); ‘Sugar’ (Queensland,
Australia); ‘Pukusa’ (Zanzibar); ‘Kipukusu’, ‘Kipungusu’
(East Africa); ‘Manzano’, ‘Manzana’ (Latin America);
‘Maga’ (Brazil); ‘Hta-bat’ (Burma/Myanmar); ‘Kluai Nam’
(Thailand); ‘Chuoi Goong’ (Vietnam) ; ‘Miti Ruki’, “Tiki’

Left: ‘Pome’. Papeete, Tahiti. Right: ‘Silk’. Kipahulu, Maui. pHOTOS: A. K. KEPLER



(Cook Islands); ‘Utin Kuam’, ‘Utin Menihle’, ‘Uht Tikitik
(Pohnpet, Federated States of Micronesia)

Only ‘Dwarf Cavendish’ is found more widely than this
cultivar. It produces exceptionally flavorful fruit with
a sub-acid, apple-like taste. The fruit peel splits and the
flesh is white when ripe, and is astringent when not. It
has declined in importance there and elsewhere due to its
pronounced susceptibility to Panama disease. In Hawai',
it is found almost exclusively within Filipino communi-
ties, who perhaps introduced it to Hawai‘i, bringing with
it their Philippine name, ‘Amorosa’. Grown at elevations
above 500 m (1640 ft) or in poor soils, especially those defi-
cient in calcium and boron, a common occurrence in tropi-
cal and subtropical regions, the fruit’s flesh becomes hard,
tasteless, and dry.

Other AAB cultivars

‘Pisang Seribu’ (Malaysia)
Synonym: Musa chiliocarpa Backer.

Other common names: ‘Kluai Roi W1’ (Thailand), “Thou-
sand Fingers’ (Florida)

‘Pisang Kelat’ (Malaysia)
Other names: “Taiwang’ (Pohnpei)

This is an important clone in Pohnpei, where it has been
found to have fairly high levels of beta carotene.

ABB GENOME

These cultivars produce relatively starchy fruit, primarily
used for cooking. The plants are drought resistant and gen-
erally resist the Sigatoka leaf spot diseases.

Bluggoe subgroup

These are vigorous clones. They produce widely spaced,
large, angular, straight fruit that have long peduncles; usu-
ally, only four to seven hands are produced on a bunch. The
various cultivars are distinguished by stature, bunch size
and the fruit skin (green, silver, or waxy). They are suscep-
tible to race 2 of Panama disease and Moko disease.

‘Bluggoe’

Other common names: ‘Largo’ (Hawait); Jamani’ (Fiji);
‘Fa‘i Pata Samoa’, ‘Puataelo’ (Samoa); ‘Pisang Abu Keling’
(Malaysia); ‘Pisang Batu’ (Java); ‘Nalla Bontha' (India);
‘Hpi Gyan' (Burma/Myanmar); ‘Mondan’ (Sri Lanka);
‘Mkojosi’, ‘Bokoboko’, ‘Kproboi’, ‘Muskat’, ‘Punda’, Kid-
hozi’, ‘Kivivu’ (East Africa); ‘Matavia' (Philippines); ‘Kluai
Som’ (Thailand); ‘Square Cooker’, ‘Mondolpin’ (Australia);
‘Burro’, ‘Chato’, ‘Cachaco’, ‘Cuatrofilos’, ‘Largo’, ‘Majoncho’,

‘Apple Plantair’, ‘Horse Banana’, ‘Hog Banana’ (Ameri-
cas); ‘Burro’, ‘Orinoco’ (Cuba); ‘Horse Plantain’ (Jamaica,
Dominican Republic, Trinidad and Tobago) ; ‘Poro‘ini’,
‘Poro‘ini Pa‘afaafa’@’, ‘Poro‘ini Hima‘a umu’, ‘Largo’ (French
Polynesia); ‘Pata Tonga’ (Tonga); “Tarua Matie’ (Cook Is-
lands); ‘Chuoi Ngop Lun’ (Vietnam); ‘Whitehouse Plan-
tain’, ‘Chamaluco’, ‘Poteau’, ‘Cacambou’, ‘Moko’, ‘Bluggoe’,
‘Buccament’, ‘Mafoubay’ (West Indies)

‘Bluggoe’ is grown in many countries due to its excellent
taste, bountiful productivity, and resistance to drought.

‘Dwarf Bluggoe’

Other common name: ‘Chamaluco Enano’, ‘Cachaco En-
ano’ (Puerto Rico)

‘Silver Bluggoe’

Other common names: ‘Katsila’ (Philippines); ‘Silver Blug-
goe’, ‘Silver Moko’ (West Indies); ‘Kluai Hakmuk’ (Thai-
land); “Thella Bontha' (India); ‘Pisang Nipal’ (Malaysia);
‘Poro‘ini hinuhinu’, ‘Poro‘ini Pa‘amanina’; ‘Poro‘ini rehu’
(Tahiti); ‘Poro‘ini pivai, ‘Poro‘ini blanc’ (Marquesas Is.);
‘Cenizo’ (tropical America); ‘Pata Sina’ (Samoa); “Tarua
Teatea (Cook Is.); ‘Inahsio Pehsehs’ (Pohnpei, Federated

States of Micronesia)

‘Silver Bluggoe’is an attractive plant, commonly named in
local languages for its silvery fruit coating.

Monthan subgroup
‘Nalla Bontha Bathees’ (India)

‘Monthan’ (India)

Other names: ‘Monthan’ (India); ‘Maduranga’ (Philip-
pines); ‘Pisang Abu Bujal’ (Malaysia); ‘Kluai Nom My’
(Thailand); ‘Chuoi Ngop Cau’ (Vietnam)

Not considered prime quality, this Indian variety is none-
theless widespread in SE Asia. Its characteristic fruits bear
large bulbous tips, resembling ‘Bluggoe’ but larger.

‘Sambrani Monthan’ (India)
‘Pacha Monthan Bathees’ (India)

Klue Teparod subgroup

‘Kluai Tiparod’

Other common names: ‘Pisang Abu Siam’, ‘Pisang Batu’,
‘Pisang Siam’ (Malaysia); “Tiparot’, ‘Balongkaue’ (Phil-
ippines); ‘Kluai Teparod’, ‘Kluai Sangkivo’, ‘Kluai Plihai’
(Thailand); ‘Pya-ye San’ (Burma/Myanmar)

Formerly, this cultivar was thought to have an ABBB ge-
nome.
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Ney Mannan subgroup
‘Ney Mannan’ (India)

Other names: ‘Ice Cream’ (Hawai‘i, Florida); ‘Blue Java,

TJava Blue’, ‘Vata', ‘Pata’ (Fiji,); ‘Blue Java’, ‘Blue Lubin’

Top: ‘Bluggoe’ female flowers. proTo: a. k. kerLER ‘Bluggoe’.
PHOTO: I. MAGUIRE
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(Australia); ‘Alukehel’, ‘Ash Plantain’ (Sri Lanka); ‘Ney
Mannan’(India); ‘Pata Hina’, ‘Pata Lahelahe’ (Tonga); ‘Fa'i
Pata Sina’, ‘Pata papalagi’ (Samoa); “Tarua Teatea’ (Cook
Is.); ‘Dukuru’ (Pohnpei, Federated States of Micronesia)

The fruit is named for its flavor and texture, sweet and
smooth. When fully ripe, the flesh can be eaten with a
spoon. Externally, the fruit is colored a beautiful silver-
green, due to a heavy coating of wax.

Pelipita subgroup

‘Pelipia’ (Central America)
Other common name: ‘Pilipia’ (Philippines)

This clone tolerates Moko disease, due to its persistent
bracts. It was offered as a resistant replacement for ‘Blug-
goe’ in the Americas where that clone was decimated by

Moko disease.

Pisang Awak subgroup

‘Pisang Awak’ (Malaysia)

Other common names: ‘Katali’ (Philippines); ‘Kluai Nam-
wa' (Thailand); ‘Pisang Klotok’ (Indonesia); ‘Choui Tay’
(Vietnam); ‘Karpuravalli’ (India); ‘Kayinja’ (East Africa);
‘Ducasse’ (Australia); ‘Yakhine (Burma/Myanmar); ‘Pey
Kunnar’, ‘Kostha Bontha’, ‘Monohar’, ‘Sail Kola’ (India);
‘Nyeupe’ (Kenya); ‘Balaliki’, ‘Paradaika’ (Egypt)

This is the most widely disseminated ABB cultivar; 70%
of all bananas that are grown in Thailand are of this clone.
It is vigorous and tolerates adverse conditions, especially
drought, but is susceptible to race 1 of Panama disease. A
dwarf version, ‘Kluai Namwa Khom', comes from Thailand
and is now being widely distributed in the Pacific islands
including Samoa and the Cook Islands.

Saba subgroup

‘Benedetta’

‘Inabaniko’, ‘Uht Kapakap’ (Pohnpei); ‘Praying Hands’
(Florida); ‘Ripping’ (Philippines)

‘Cardaba’

A Philippine cooking banana. With ‘Saba’, it was classified
erroneously as having a BBB genome.

‘Saba’ (Philippines)

Other common names: ‘Pisang Kepok’ (Indonesia); ‘Pisang
Abu Nipah’ (Malaysia); ‘Kluai Hin’ (Thailand)

'The male bud of this clone is a popular vegetable in the
Philippines.



AAAA, AAAB, AABB AND ABBB
GENOMES

There are no natural AAAA and very few natural AAAB,
AABB, and ABBB bananas, none of which are impor-
tant. Tetraploids that are most common in cultivation are
products of the breeding programs. In general, they have
resulted from crosses between triploid female and dip-
loid male parents. A few promising varieties are found in
cultivation (including some Pacific islands) in those areas
where banana diseases are rampant. Most notable among
the bred tetraploids are those from the FHIA program in
Honduras: dessert AAAA, FHIA-02’ (aka ‘Mona Lisa)),
‘FHIA-17 and ‘FHIA-23’; dessert AAAB, ‘FHIA-or (aka
‘Goldfinger’) and cooking and dessert FHIA-18’; plantain-
like AAAB, FHIA-20" and ‘FHIA-2r’; and cooking or
dessert AABB, ‘FHIA-o03.

4

Left: ‘Benedetta’. proto: 1. Macuire Right: Saba type ‘Utin Ruk’ in Pohnpei. pHoTo: j. DANIELLS

BB GENOME

Parthenocarpy did not evolve in M. balbisiana as it did in
M. acuminata. Thus, edible diploid cultivars of the species
do not exist. BB clones that are cultivated, such as “Tani’
(Thailand), are grown for their leaves and for animal feed.

BBB GENOME
Philippine ABB clones such as ‘Cardaba’ and ‘Saba’ were

classified previously as BBB. Whether an uncommon clone

in Thailand, ‘Kluai Lep Chang Kut’, is BBB is unclear.

FE'l BANANAS

The Fe'i cultivars range naturally from the Moluccas
to French Polynesia. Particularly associated with the
Marquesas and Society Islands (French Polynesia), Fei
were staple and ceremonial foods since the Marquesas
were first settled from the Samoa-Tonga region (~250 BC)

-
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Left: ‘FHIA-03’, an experimental AABB cooking or dessert banana. Right: ‘FHIA-01’ (aka ‘Goldfinger’), an experimental

AAAB dessert banana. Both photos: Nu‘u Agricultural Station, ‘Upolu, Samoa. pHOTOS: A. K. KEPLER

and Tahiti around 700-800 AD. Unfortunately their prev-
alence has declined drastically in recent decades. In addi-
tion to their erect bunches, they also can be recognized
by their bright magenta to dark purple sap, heavily ridged,
squarish red/coppery fruit, and near-iridescent orange or
yellow fruit flesh. The fruit of some clones is exception-
ally high in beta carotene (see e.g., Englberger and Lorens
2004). Although they can be quite sensitive during the
establishment phase and some are susceptible to Panama
disease, they are generally vigorous, tolerate most diseases
and pests, and require little care once established.

'These bananas are unique and distinct from the acuminata/
balbisiana cultivars in the section MUSA. Although they
are clearly in the section AUSTRALIMUSA, their precise
origins are poorly understood. M. maclayi (based on mor-
phology) and M. lolodensis (based on DNA studies) were
suggested as probable parents of the extant clones. Recent
genetic work indicated that they are closest genetically to
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these plus an additional species, M. peckelii. Thus, the Fe'i
bananas may be interspecific hybrids. Genetic diversity
among the Fe'i cultivars is as great as that that is found in
the entire section AUSTRALIMUSA (see Part 1). Shar-
rock (2001) provided a recent summary of the history of
and taxonomic work on this group.

Relationships and common names for the various clones in
different areas are unclear. Prominent clones on different
islands are listed below as distinct although some may be
synonymous.

‘Pisang Tongkat Langit’ (eastern Indonesia) and ‘Pisang
Tongkat Langit Papua’ (Irian Jaya)

Synonym: M. troglodytarum L.

‘Daak’ (New Caledonia)

Synonym: M. fehi Bert. ex Vieill.
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Top left: ‘Fe'i ‘A‘ata’. Papeari, Tahiti. Top right: ‘Fe‘i ‘Auiri’. Papeari, Tahiti. Bottom left: ‘Fe‘i Tatia’. Papeari, Tahiti. Bottom
right: All Fe‘i have bright magenta sap, some clones brighter than others. proros: . k. KEPLER
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‘Soaqa’ (Fiji)
Synonym: M. seemanii F.v. Muell.

‘Fe'i’ (Society Islands)
Synonym: M. aiori Sagot

The most common cultivars in home gardens today are
‘Fe‘i Aiuri’ and ‘Fe‘i Tatia’.

Some common cultivars and synonyms elsewhere in-
clude ‘Borabora’, ‘Polapola’, ‘Mai‘a Ha'i’ (Hawai‘l); ‘Me-
nei’, ‘Rimina’, ‘Utafan’, ‘Sar’, and ‘Wain’ (Papua New
Guinea); ‘Chongk’ (New Hebrides); ‘Fe‘i’ and ‘Soanga’
(Tonga); ‘Sea@’ (Samoa); ‘Utu’ (Cook Islands); ‘Huetw’
(Marquesas); ‘Utin Iap’ and ‘Karat’ (Pohnpei, Federated
States of Micronesia); and ‘Kulast’ and ‘Kolontol’ (Kosrae,
Federated States of Micronesia)

PUBLIC ASSISTANCE AND
AGROFORESTRY EXTENSION

Extension offices for agroforestry and forestry in the Pa-
cific: <http://www.traditionaltree.org/extension.html>.
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Barringtonia procera (cutnut)
Lecythidaceae (Brazil nut family)

cutnut (English); Zatnat (Solomon Islands: pidgin); navele (Vanuatu); pao (Papua New Guinea)

Richard L. Pauku

IN BRIEF

Distribution Indigenous to the Solomon Is-
lands, Vanuatu, and Papua New Guinea.

Size Grows to a typical height of 20 m (66 ft)

with crown diameter of about 5 m (16 ft).
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Habitat Lowland humid tropical rainforest,
at elevations of o—600 m (o—1970 ft) and uni-
formly distributed annual rainfall of 1500—4300
mm (60-170 in).

Vegetation Common in old gardens, mature
coconut plantations, and coastal villages, and
in remnants of secondary lowland rainforests.

Soils Wide range of light to heavy soils with

free drainage.

Growth rate Moderate, mean height growth
of <1 m/yr (3.3 ft/yr) for the first 1o years.

Agroforestry uses Windbreak, soil stabi-
lization, “living ladder” (climbing tree), and |
homegardens.

Main products Nut.
Yields Estimated at ro—50 kg (22-110 Ib) of §2 >

fruits/tree/year. At 20 years of age, an annual
yield estimate is 2—3 mt (2.2—3.3 t) fresh fruits
annually per hectare, or 0.33-0.5 mt (0.37-0.55
t) kernel-in-testa/ha/yr.

Intercropping With proper spacing, it can be |
interplanted with a variety of shade-tolerant
crops.

< 3 b - o "} 5 T k. s M
Invasive potential Does not appear to have " : 5!_-1,

! - -.:., __!-u., i II. -4 ’
potential to become a pest outside its native AR Branching and canopy structure of cutnut. §
range. ; ¢ 2% | Poporo, Kolombangara, the Solomon Islands. F
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INTRODUCTION

Cutnut (Barringtonia procera) is a medium size, evergreen,
tropical tree found in secondary forests of the Solomon
Islands, Vanuatu, and Papua New Guinea It is grown in
homegardens and coconut plantations and is common
within the surroundings of both inland and coastal rural
villages. The tree has been associated with human settle-
ments since ancient times and is unlikely to occur in a tru-
ly wild form. Throughout Melanesian countries, cutnut is
well known as a nut tree, and the people have both planted
and protected it on their land.

Cutnut prefers light shade, which makes it a good com-
panion to overstory tree species such as vi (Spondias cy-
athera), canarium nut (Canarium spp.), and breadfruit
(Artocarpus altilis). Its open canopy structure allows suffi-
cient light penetration to the ground level for other crops
to be interplanted under it. For instance, farmers in Te-
motu province of the Solomon Islands have used cutnut
as a companion and interline tree crop in an improved
traditional agroforestry system. On Kolombangara Island,
Solomon Islands, it has been used as a trellis tree for the
cash crop betel leaf (Piper betle), as well as for marking land
boundaries and creating windbreaks.

In a homegarden situation, cutnut provides good shade
and shelter to root and cereal crops and other understory
crops such as sugarcane (Saccharum officinarum) and a nu-
tritious native leafy tree spinach called bele or edible hibis-
cus (Abelmoschus manihot). The species has a well formed
lateral root system yet does not appear to cause major
impediments during soil preparation for understory crops,
e.g., making mounds for the root crops, nor does it seem
to compete heavily with understory crops. In tree farming,
cutnut may be planted as a shade tree for crops such as ca-
cao (Theobroma cacao), joint fir (Gnetum gnemon), and betel
nut (Areca catechu). There is no record of cutnut becom-
ing invasive, and iz situ observation on the distribution
of wildings appears to rule out any potential invasiveness.
Since 2002, a program to domesticate this species has
been receiving much support from the local community in
Kolombangara Island in the Solomon Islands.

DISTRIBUTION

Native range

Cutnut is indigenous to the Solomon Islands, Vanuatu,
and Papua New Guinea. It is widespread and common at
lower altitudes and is found mainly in villages and food
gardens. These areas are characterized as wet tropical low-
land rainforest.

2 Barringtonia procera (cutnut)

Current distribution

Beyond its native range the species has not been widely
distributed as an exotic species. However, it has been in-
troduced to Howard Newport in Australia. It is reported
to have been introduced into Fiji, although these may be
B. edulis; without a thorough taxonomic classification, the
presence of B. procera in Fiji remains uncertain.

BOTANICAL DESCRIPTION

Preferred scientific name

Barringtonia procera (Miers) Knuth

Family

Lecythidaceae (Brazil nut family), or Barringtoniaceae ac-
cording to some authors

Non-preferred scientific names

B. guppyana Knuth
B. magnifica Laut.
B. schuchartiana K. Schum.

Common names

cutnut (English)
katnat (Solomon Islands: pidgin)
navele (Vanuatu)

pao (Papua New Guinea)

The standard common name in the Pacific is cutnut. In the
Solomon Islands, it is a well known tree and has names
in many local dialects, including fa/a/aikenu in Kwara‘ae
(Malaita Is.), Zenu in To‘oabaita (Malaita Is.), vele in Varisi
(Choiseul Is.), fara in Santa Ana (Santa Ana Is.), £ino in
Nduke (Kolombangara Is.), #zinghe in Roviana (New Geor-
gia Is.), oneve in Marovo (New Georgia Is.), fa/a in Mar-
inge (Isabel Is.), nofe in Zabana (Isabel Is.)

Size and form

Cutnut is a medium-size tree which can reach a height
of 24 m (80 ft). The typical tree height is thought to be in
the range of 8—12 m (26—4o ft), with a crown 