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Preface

This report describes a little-known tree legume, Calliandra calothyr-
sus. In 1936, foresters transported seed in this small Central American
tree from Guatemala to Induriesia. They were interested in calliandra
and other legumes as possible green manures or shade trees in coffee
plantations. In particular, they wanted an alternative to leucaena,* not-
ably for use at high altitudes, where leucaena did not perform well. The
foresters planted test plots of calliandra in a few places in East Java, but
World War 1l and the subsequent fighting in Indonesia interrupted the
investigations, and for 20 years the plant remained largely forgotten by
science. | B |

Then, in the 1960s, administrators of Perum Perhutant, the govern-
ment forest corporation of Java, noted that villagers in East Java had
spontaneously adopted calliandra and were cultivating it for their fire-
wood needs. The villagers were so successful that in 1974 Perum Perhu-
tani began encouraging the widespread testing and planting of callian-
dra. By 1981 the steadily expanding plantations, many planted by villagers
themselves, covered almost 2,000 km? on Java. Today Javanese cultivate
calliandra widely, often imercropping it with fruit trees and vegetables.
The tree has become so popular in rural areas that “Kaliandra” is now a
widely used name for children.

However, calliandra remains essentially unknown elsewhere, and the
purpose of this report is to recount Java's experience in the hope that
other countries will be encouraged to investigate calliandra’s promise for
themselves. It is not our intent to recommend it over conventional refor-
estation species. Instead, we suggest testing calliandra as a possible sup-
plementary species, particularly for villages and remote rural areas,
where it may provide enough fuel and fodder that forest plantations and

L
natural forests are spared destruction.

*This fast-growing tree legume is desecribed in companion report no. 26, Leucoena: Promis-
ing Forage and Tree Crop for the Tropics.
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vi CALLIANDRA

This report results from meetings and field trips held in Java from
May 11 to 15, 1981. During this period a joint panel of Indonesian scien-
tists and National Research Council panel members traveled to Bogor,
Gunung Arca, Surabaya, Mojokerto, Toyomerto village, Punten, Tra-
was, Tangkep, Deles, Tretes, Solo (Surakarta), Malang, Batu, Sidorejo
village, Sekipan, Yogyakarta, and Jakarta. At most sites the panel met
with local foresters and village chief and was able to see calliandra in use
in forest and village situations.

The panel is indebted to Sukiman Atmosudaryo, professor emeritus
and former director of Perum Perhutani, and to the many members of
his staff (especially Mrs. Sri Purwaningsih and Ir. Soedjadi Martodiwirjo)
who made the complex field trips so pleasant and instructive. The visitors
were impressed with—and even overwhelmed by—the precision and at-
tention to detail that characterized the meetings.

The Advisory Committee on Technology Innovation of the National
Research Council’s Board on Science and Technology for International
Development is assessing scientific and technological advances that
might prove especially applicable to problems of developing countries.

This report is one of a series, Innovations in Tropical Reforestation.
Other titles are:

o [ eucaena: Promising Forage and Tree Crop for the Tropics (1977)

e Firewood Crops: Shrub and Tree Species for Energy Production,
Volume I (1980)

e Sowing Forests From the Air (1981)

e Firewood Crops: Shrub and Tree Species for Energy Production,
Volume II {1983)

o Mangium and Other Fast-Growing Acacias for the Humid Tropics
(1983)

o Casuarinas: Nitrogen-Fixing Trees for Adverse Sites. (1983)

Information on promising fast-growing trees is also contained in Trop-
ical Legumes: Resources for the Future. An updated edition of the 1977
leucaena book is in preparation.

These activities are supported largely by the U.S. Agency for Interna-
tional Development (AID). This study was sponsored by AID’s Bureau
for Asia and the Office of the Science Advisor.

Free distribution of this report in developing countries and to members
of the development community is made possible by a grant from AID’s
Office of the Science Advisor.

How to cite this report:
National Research Council. 1983. Celliandra: A Versatile Smalf Tree for the Humid
Tropics. National Academy Press, Washington, D.C.
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Introduction and Summary

Tropical Deforestation

Overexploitation, misuse, and poor management have significantly de-
pleted what was once one of earth’s most abundant natural resources: its
forests. Teday forests are being converted to other uses at the rate of |
nearly 11.3 million hectares a year, with most of the loss—7.5 million
hectares— occurring in the humid tropical regions of the Third World.*

Many nations in the humid tropics now confront the economic, social,
and ecological problems caused by deforestation. A 1982 United Nations
survey revealed that the closed tropical forests are declining at annual
rates of 4.2 million hectares in Latin America, 1.8 million hectares in
Asia, and 1.3 million hectares in Africa.* -

The decline is uneven. Some tropical forests are only slightly dis-
turbed, but many others face extinction. For example, deforestation in
Africa ranges from 0.2 percent a ysar in Zaire to 10 percent in Nigeria
and the Ivory Coast. In Latin America the annual deforestation rate is
0.4 percent in Brazil and Venezuela, but 3.7 percent in Costa Rica. And -
in Asia the loss of forests each year ranges from 0.5 percent in Indonesia
t0 4.3 percent in Nepal.

Forests for People

Rapid population growth is a main cause of deforestation. In the less-
affluent nations of the tropics, population has increased so much durnng
the last half-century that the land’s ability to provide food, shelter, and
~ fuei is being overwhelmed. |

*Lanly, J. P. 1982. Tropical Forest Resources. Fourth Report of the Tropical Forest Re-
sources Assessment Proiect, conducted Sy FAQ and UNEP. UNIPUB, New York.
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2 CALLIANDRA

New areas of forest are continually opened up for agriculture, particu-
larly for shifting agriculture because population pressures no longer per-
mit the traditional 10-15 years of fallow time required to regenerate a
previously farmed area. This shortening of the rotation time destroys the
land’s capacity to recover its forest and nutrient resources. In Africa,
shifting agriculture reportedly accounts for 70 percent of the deforesta-
tion; in Asia, 50 percent, and in the Americas, 30 percent. People are
destroying the basis of their own livelihood as—out of necessity, and
particularly without the fertilizer required to sustain continuous crop
production —they exceed the carrying capacities of the available land.

A second major contributor to deforestation is the indiscriminate har-
vesting of firewood. More than a third of the world’s people depends on
wood for cooking, for heating households, and for fueling cottage indus-
tries. In fact, more than 80 percent of all the wood consumed in develop-
ing countries is used for fuel. Deforestation already affects the supply
and price, and many of tne poor are so desperate that wood is poached
from forest reserves, hedges around homes are cut and stolen at night,
and even scaffolding disappears from building sites.

Today there is growing support for the idea of planting trees and man-
aging forests not simply for commercial logging interests but for the
diverse goods and services needed by the local community. This concept
involves the planned use of trees for the benefit of villagers and for inte-
grating trees irnto agricuitural systems so as to sustain greater productiv-
ity of food, fodder, and fuel. The idea has yet to be accepted widely in
practice. Nevertheless, there is a new awareness that standing trees can
contribute much to the daily welfare of people and that to sustain pro-
ductive agriculture demands balancing land use among crops, trees, live-
stock, and, in many cases, wildlife. Unfortunately, most of the conven-
tional forestry species are poorly adapted to the varied and continually
changing needs of a rural subsistence society.

Tropical Reforestation Species

Today’s tropical reforestation programs concentrate on three tradi-
tional plantation trees: pines, eacalypts, and teak. These account for 85
percent of all the area on which reforestation is being attempted,* yet
they represent a small fraction of the trees that might prove useful in the
trepics, especially as trees for village use.

It is now important to consider aiternatives, because the three conven-
tional plantation species alone appear iucapable of keeping pace with the

*Evans, J. 1982. Plantation Forestry in the Tropics. Clarendon Press, Oxford, England.




INTRODUCTION AND SUMMARY 3

rapidly increasing deforestation. In part, this is because of the impover-
ished soils that are relegated to tree growing in the tropics. Characteris-
tically, these lands have infertile, bad'y eroded, and shallow soils. Some
are bare; others are covered by grassy and shrubby weeds that encourage
devastating ground fires. Under such conditions, pines and teak, in par-
ticular, require careful site preparation and care.

Trees for the enormous task of rehabilitating vast areas of degraded
forest and abandcned agricuitural lands need not have the high commer-
cial qualities of teak, pine, or eucalypt, but they must fulfill the needs of
the local communities. Moreover, they should be fast growing (not only
to cover bare ground, but also to compete with aggressive weeds), resist
drought and fire, use limited supplies of nutrients efficiently, and be able
to thrive on open sites with little or no silvicultural care. They must also
produce seeds or other planting materials prolifically, so that large quan-
tities can be available free or at low cost.

Calliandra

Calliandra is a small tree that seems to meet many of these require-
ments. Since it 1s 2 woody shrub rather than a forest tree, however, it is
unknown in traditional forestry. Its stems are usually multibranched,
crooked, and short, and even at maturity the trees are only 12 m tall and
20 cm in diameter, making the wood too small for most commercial ‘or-
€stry purposes.

Nevertheless, to the villagers on Java, calliandra is a useful plant. Its
wood makes good fuel, its foliage is valued for animal feed, and bees use
its nectar for producing honey. Over the last 25 years Java’s plantings of
calliandra have steadily expanded and now cover more than 170,000 hec-
tares. Eighty percent of Indonesians live in rural areas, and on Java most
of them now use calliandra as firewood.

On suitable sites this small tree grows with extraordinary speed. Nine
months after planting it can be taller than a village house; in just one vear
it can be harvested for firewood. The remaining stump then resprouts so
vigorously that within six months the new stems may rise above the
houses again. Because of this rapid regrowth the trees can provide an an-
nual firewood crop.

Calliandra is a good pioneer piant, especially for problem sites. On
Java it grows well on steep hillslopes and poor soils. It adapts well to dif-
ferent soils. establishes easily by direct seeding or by planting seedlings,
and requires little care. It grows successfully in a range of environments
with widely differing altitudes, rainfall, and shade. It is, however, likely
to prove useful only in the humid tropics; it is not a crop for arid or tem-
perate regions.




East Java. Calhandra tress 3bou: 3 y&rs old planted on formerly defo:es{ed land. Unhke‘_
_'tradmonal for&stry spec:&s, _calhandra is'small, man?-branched and oftent’ cmoked. _’I'he._._;
i'wood i$too smail for most conventional purposes and i its main promise is for helpmg Tural
= ‘areas’ of the humid tropics fuifill their pressing needs for fue!wood At the sa'ne ttme, calh 5

L andra may provide forage, honey, smal! wood products soil i unpre'-ement, erosxon con-
Ly troI shade and b&uuf‘ cation. (R i.S. Pramoedibjo)
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Nitrogen Fixation

Like most other legumes, calliandra forms a mutually beneficial part-
nership with soil bacteria of the genus Rhizobium. These bacteria pene-
irate young rootlets and multiply to form nodular swellings on the root
surface. In the noduies the rhizobia absorb nitrogen zas from air in the
soil and biologically transform it into nitrogen-containing organic and
inorganic compounds. The plant then uses the nitrogenous products to
produce protein, vitamins, and other nitrogen-containing compounds.
This process converts an otherwise unusable gas into compounds that
stimulate the plant’s growth. -

Calliandrz usually has large, prolific nodules and requires little or no
nitrogen fertilizer; the rhizobia provide adequate amounts of nitroge-
nous compounds for normal growth. This permits calliandra to thrive in
soils where nitrogen levels are inadquate to sustain the growth of most
other crops.

Nitrogen is one of the principal nutrients that limit the growth of both
agronomic and forest crops, accounting for a substantial proportion of
crop production. And nitrogen is the single most costly industrial input
to agricultural productivity —the energy needed to obtain one kilogram
of nitrogenous fertilizer requires 1.8 m? of natural gas.

Nitrogen fertilizer is becoming increasingly expensive as the cost of
natural gas rises. And as a country’s foreign exchange becomes more pre-
cious, it seems probable that forestry will be allocated a lower priority
for nitrogen than agriculture. Thus, although it is important to exploit
biological ways to add nitrogen to agronomic crops, it may become crit-
ical to do so for forestry crops.*

Limitations

So far, the only extensive experience with calliandra has been on Java.
Therefore, the potential for the tree elsewhere in the tropics is now cnly
speculation: no information has yet been collected about calliandra’s
growth under different climatic and soil conditions, and comparative
trials with other species have only recently been started. Thus the time
has not come for widespread commercial planting. Instead, callizndra
should be incorporated into trials with tropical multipurpose species such
as leucaena and mangium. From such comparisons will come a better

*In addition to calliandra, nitrogen-fixing pioneer trees include leucaena (Leucaena leco-
cephala), acacias (Acacia species), casuarinas (Casuaring species), Mimosa scabrelia, and
alders (Alnus species). These and others are described in current or forthcoming NRC
reports (see page 49).
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understanding of calliandra’s potential. In 10 years it will be known if
this is as universally promising as the cxperience in Java now seems to
suggest.

Calliandra has no thorns, it is not known to be toxic to animals, nor
does it seem to have other serious drawbacks. But it is a resilient and
spreading plant, and the possitility of its becoming a weed should be
kept in mind.

Uses and Advantages

A summary of calliandra’s main uses and advantages follows. Details
are given in chapter 5.

Firewood

Calliandra seems to be an outstanding candidate for meeting village
needs for fuel. Calliandra wood is too smaii in diameter for lumber, but
it is dense, burns well, and is ideally sized for domestic cooking needs. It
can also be used for firing brick, tile, and lime kilns and for fueling copra
and tobacco dryers.

Soil Improvement

Calliandra is particularly promising for improving the soil and prepar-
ing the site for crops. This is dramaticaily exemplified in the village of
Tovomerto in East Java. There ihe villagers routinely enrich worn-out
agricultural land by growing calliandra on it for several years. During
that period, they make a goad living selling calliandra firewood, actually
sometimes carning more this way than from their food crops. After the
calliandra stumps are removed (for charcoal), sugarcane, corn, and cther
crops grow vigorously.

Reforestation

Calliandra’s ability to thrive on steep slopes, in marginal soils. and in
areas with extended dry seasons makes it a prime candidate for restoring
tree cover to watersheds, slopes, and grasslands denuded through defor-
estation and fire. Cailiandra can be established on soils dominated by
coarse grasses. Its quick growth, thick canopy, and rapid regrowth leave
vigorous weeds, such as Imperata grass, little chance to compete.

On denuded watersheds in the tropics calliandra shoald prove particu-
larly valuable. Its thick canopy and extensive root system may help rain-
fall to penetrate the soil, thereby retarding runoff and erosion, prevent-
ing landslides, improving the perennial flow of springs, and reducing the
siltation of dams.
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Calliandra is moderately shade tolerant and wiil grow between young
pines, eucalypts, and cther tree crops, adding nitrogenr to the soil, which
benefits the taller trees.

Amenity Planting

In Indonesia calliandra is often culi’~ated as a border crop along
roads, ravines, rivers, and village boundaries. There it may zct as a fire
barrier or a screen to prevent unwanted grazing — particularly where for-
ests boraer villages. It also provides shade and beautification.

Forage

Altough not widely tested as a forage source, calliandra foliage con-
tains up to 22 percent protein. It is often produced abundantly and is welt
liked by cattle and goats. No toxic components have been found so far,
although tannin levels are high.

Honey Production

The tree makes good bee forage because its flowers are rich in nectar
and it blooris year-round. Calliandra honey is light colored and has a
pleasant, bittersweet taste.



2

Calliandra and Java’s
Greening Movement

Java’s enormous ponulation density (among the highest in the wur%d} |
puts great pressures on its forest lands. About 80 percent of its people
live in rural areas, and, as in many developing countries, most of them
depend entirely on the land for their daily existence. |

With little space of their own available, many villagers enter the forest
to graze livestock, cut firewood and timber, and sometimes even to grow
crops. As a result, in the early 1970s the State Forest Corporation,
Perum Perhutani, found itsel{ spending millions of rupiah to keep peo-w_
ple out of its commercial stands of teak, pine, and acacia.

Perum Perhutani is a government corporation, and in the 1970s its d:x-r
- rector at that time, Sukiman Atmosudaryo, sought ways to make for-
estry fulfill the needs of the local population. Ammmg other things, he
warted a vigorous, t’ast-gmwing tree that would survive on poor Tand
that was subject to erosion. A tree legume seemed to be the answer, and
researchers at the corporation quickly found that calliandra was one of
the fastest growing woody legumes on Java.

To learn more about 'his obscure species and where it would grow
best, Perum Perhutan’ : ed its 1,700 forest guards, who are scattered
through rural Java. In 19’?4 each was given a few seeds of calliandra and
other fast-growing trees to plant. The resulting trial plots demonstrated
that calliandra would be the most suitable for village fuelwood produc-
tion in humid areas and at medium elevations (250-800 my).* L

The forest guards then distributed seed and gave plammg adwce to
local village Chiefs in appropriate regions. This program is known as the

MA-LU (MAntri kehutanan is Indonesian for forest guards and LUrah

for village leaders). The MA-LU program also oversees the distribution .
of tree species other than calliandra and i: involved in additional forestry
extension. (See papers by Sukiman Atmosudaryo in Selected Readings.)

*Below 400 m leycaena was the best species, and from 800 10 2, !00 m Albizia montang, an
indigenous tree legume, was most suecessful,
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Under the MA-LU program, regional demonstrations were organized
and groups of 50 to 100 village chiefs were brought in to visit the test
plots. Here, local village Ieaders told their visiting counterparts about
calliandra and its value to their people. Unless questioned, the foresters
remained silent.

With these activities, calliandra began to attract increasing recogni-
tion, and, as more village chiefs asked for help, a series of quarter-
hectare, temporary nurseries were set up for the production of calliandra
seedlings. Once trees were established, the seedling nurseries were moved
t0 a new area. Perum Perhutani staff refer to this plan as a “creeping
nursery.”

In the late 1970s these efforts gave rise to a spontaneous distribution of
cailiandra seed among the network of village chiefs—a true self-perpetu-
ating “greening” movement began. Today people plant calliandra for
themselves, and the plant can be seen in villages throughout Java. It is
popular because it grows well in many types of soil, destroys the tangle of
weeds, and improves soil fertility. It also increases the income of the vil-
lage by providing firewood, honey, and feed for sheep, water buffalo,
goats, and chickens.

Perum Perhutani now uses calliandra to foster a cooperative relation-
ship between villagers and the surrounding forest. For example, it will
plant stands of calliandra close to villages to provide forage and fire-
wood. However, the village chief must pledge that, in exchange, the
nearby forest plantings and native forests will be left untouched.

In a separate program on some sites, Perum Perhutani also lets vil-
lagers earn fireweod. If they collect three stacked-meters of calliandra
wood for the corporation, they receive a fourth stacked-meter of wood
for themselves. The corporation also pays villagers to collect calliandra
seed, which is then used for planting elsewhere in and outside Java. In
this way calliandra is of daily benefit to the nearby villages.

This is a sensitive approach. Its success depends on motivating people
to grow wood on fringe areas, including their yards, dry fields, and rice-
field dikes, while protecting the forest plantation itself. It has not been
successful everywhere —forest guards and forest administrators often
have trouble seeing themselves as part of village development. But in
many areas there is now cooperation between the forest guards and the
villagers, and today calliandra is the source of the products that used to
be stolen from the forests.

This enlighiened program of forest management has helped Perum
Perhutani engender the rural populace’s enthusiastic support for its proj-
ects and for calliandra. In building village prosperity the corporation
foregoes considerable profit, but in return its own plantations are pro-
tected and even improved by the nearby inhabitants. The idea, according



o jpeople are part of it.
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10 Suklman Atmosudaryo is to deveiop forests for the peOpie and people
- for. the forests. Foresters have to live w;th the envxronment he says and'

5 brown regosol sozl) (N D. Vletmcyef)




_ produumn esnmated at 125 stan.}'ﬂd-meters per hea.tarc. The area- S IOW pl:asam eaéﬁgh
- that tourism, based on the S0 m high waterfall, is bemg Lomempiated {aimude 1 200 m
ramfall 2, Ommm so:l iatente) (’\5 D. \:ezmcxer)
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Gunung Arca, near Sukabumi. Wesz Java. In 19?4 1114 nagura! rarest in ﬂn -area had:been
5 destm\ed Almost 50,000 people live in four nearby villages, and shrs site had been smpped

) bare. The trees had been sold as firewoed and charcoal both locally and i in Bogar 69°'km
‘- away. Floods occurred often during the rainy season, and farmers in the area complained -
' of having too little water during the dry season to keep their rice fields wet.

-ical sitvation that floods no longer occur, springs are running agam, and stream ﬂm\ is
~ clear of sediment {elevation, 550-860 m; annual rainfall, 3.500-4.400 mm: smEs red-veﬁow
_ -padsol Iatosoi and mmm Irom sedzmem and rock} (N.D. Vte;me\er} '

“In 1974 Perum Perhutani began planiing calizandra on 834 hectares of the &epieted. ills
and mountain ranges. “The resulting forests reduced erosion and so improved the hxdmiog-:



SIopes of \!oum Merapi, Central Java. (_rardem and h:!isiope&. are fow p‘amed T caiimn'
_dra. The people of the nearby 760-family village keep beehives among. zExe trees. Firewood
and forage also come from zhe calliandra, much of which is planted amongst the Perum
- Perhutani forest of Acacia mearnsti and Pinus merkesii. Calliandra also has been. pEamed
10 stabihze th steep zorges on the \Qicano sides in Qhe ba:kgrouncﬁ (h F.V '1mum} :

i4



' their need for fodder is great. In the pasi, young plantings of teak pme anﬁ acac:' were

i vxﬂage chiefs had to pledge that they wouid keep their animals out of the area- anéi wgmd

i "S:dorejo village, Mount 'Vierap:- Poor peopie in this area measure'metr wealth in cattie'._aﬂd '

continually browsed or trampled by livestock. Perum Perhutani then of E’ered-_ to- plan calh-
andra on the mountain slopes as a forage source for the wliagers. in retumn, how 1 ;

cut.all forage by hand and carry it to the animals. The rees shown have been. ieFt for ﬁ:e«
wood the short bushes have been cut for furage. This system has pmved suecessfuk —and
not on]) here but in several dozen other v:!iages. (K F.W ;ersum} :
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3
The Plant

The genus Ca!lzandm comprises more than 100 Central and Smﬁh |
American shrubs or small trees as well as a few herbs. It occurs b@l:h m* |
wet and dry tropical regrons, | E

Several Calliendra species (notably Caflmndra sumwmem, Whmh -

produces masses of red flower balls resembling fiery pompons) have beens =

widely planted as ornamentals in tropical countries. Only two spccm,'
however, have been planted for forestry purposes: Calliandra cafaﬂtyr |
sus*® and Calliandra tetragona. As noted earlier, both were introduced to
Indonesia in 1936 from Guatemala, and since ther: their use has gra&mi- |
ly spread over the island of Java. In the main, Inconesians use Callian-
dra calothyrsus, which has red flowers. Calfiandra tetragona, which has -
- white flowers, has proved to be slower growing and less satssfactory md
is not dealt with in this report.

Calliandra calothyrsus is a small tree (or perhaps more correctly, atall - P

shrub) that usually reaches a height of 4-6 m, but under favorable cir- -'
cumstances it may reach 12 m. _'
The dark-green compound leaves are feathery (like those of Eetzm
and other Mimosaceous species) and they fold at night. The crown of
individual stems is moderately heavy, but many sprouts occur and the
canopy of a stand can become very dense. In humid climates the tree re-
mains evergreen, but in seasonal climates it sheds its leaves during the dry
season. Under severe drought conditions young stems armd branches may
~ die back but they usually regrow once rains start. |

*The waxonomy of Calliandre calothyrsus Meissn. is confused. The piam was first é& _
scribed in 1848 from a specimen collected a few years earlier in Surinam. In 1923 the species
Calliandra confusa (Sprague et Riley) from Guatemala was described as showi.g some
small but definite differences irom the description of Calliandra cafathym Recent com-
parisons of the Indonesian calliandra indicate that it resembles specimens of both Callian-
dra calothyrsus and Calliandra confusa. Consequently, Calliandra confusa and Calliandre

calothyrsus arc probably synonyms, and Calliandra calothyrsus, the older name, qhe:uld be

retained. (Information supplicst by F. Y. Breteler and K, F, Wiersumy
In the first edition of the companion report Trapical Legumes: Resources far the Future,
~ the name was incorrectly spelled as callothyrsus.
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Calliandra calothzrsus. (Art by Melissa Marshall)
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Calliandra’s blackish-brown stems are small, reaching a maximum
base diameter o’ 25 c¢m in Indonesia. Mostly they are harvested when
only 3-5 em in diameter.

This species has both superficial and deep-growing roots. Sometimes a
taproot is formed. Roots on seedlings only 4-5 months cld can be 1.5 m
deep and spread 2 m cut from the stem.

The above-ground parts of the species are short lived, and after 12
vears the old stem may get brittle. However, the root stock usually re-
mains vigorous and will sprout readily. This rapid sprouting can be used
to manage the trees under a coppice system. In eastern Java trees have
been observed still sprouting well after 22 vears of annual coppicing.

The flowers are subterminal inflorescences with numerous lorz, hair-
like purple or red stamens, which give the plants a handsome, showy ap-
pearance. In Indonesia flowering occurs year-round but is heaviest in the
dry season. The flowers begin appearing about 4-6 months after plant-
ing. They form more in the open than in shade and are pollinated by in-
sects such as bees.

The fruits consist of pods (8-11 cm leng and 12 mm wide) that contain
3-15 seeds. Seeds mature 2 months after pollination and apparcitly have
no dormancy period, so they can be planted immediately.

Natural Distribution of
Calliandra calothyrsus

Ty Confirmed Distribution in
Costa Rica

Probable Distribution Based on
the Literature

~-{ Suspected Distribution

Calliandra is native to an extensive arca of Central America. The exact range has not been
determined, but so far it has beer found in the areas shown here. (J. Bauer)
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Native Habitat

Calliandra’s native range is in Central America roughly from Mexico
to Panama (see map, page 19). It does not seem to have been cultivated
or studied there, It is a secondary species that grows in thickets, often on
steep, open slopes. It can be found as a pioneer species on recently ex-
posed soils such as those re< ulting from landslides. Under these condi-
tions calliandra often forms low, bushy thickets or:ly 1-3 m high.

Symbioses

As noted, calliandra establishes symbioses with rhizobial microorgan-
isms. It appears not to need specific inoculation: wherever it grows,
abundant nodules are dispersed cver the root system.

Nodules are elongated and often branched, and they are red inside.

Calliandra’s roots develop large and abundant nodules housing Rhizobium bacteria that fix
atmospheric nitrogen and provide the plan: with usable nitrogenous compounds. (R.L.S.
Pramoedibjo)
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Strains of Rhizobium isolated from the nodules are both fast and slow
growing. No information is yet available on the amount of nitrogen each
can fix,*

In nature, calliandra’s fine roots and root hairs are also usually in-
fected with a beneficial mycorrhizal fungus, whose network of hyphae
helps the plant to obtain phosphorus and other nutrients. This probably
enables calliandra to grow in soils deficient in soluble phosphorus and
other minerals necessary for quick growth.

These symbioses make calliandra very adaptable. This does not pre-
clude the possibility that growth inight be improved by inoculation with
selected superior strains of rhizobia and mycorrhizae, however.

Environmental Requirements

In its native Latin American habitat calliandra sometimes grows up to
1,800 m, but normally it is found at mid-elevations below about 1,300 m.
On Java it is cultivated at altitudes between 150 and 1,500 m; however, it
seems to perform best at elevations between 250 and 800 m.

The plant probably requires rainfall in excess of 1,000 mm per year
and does best in areas with 2,000-4,000 mm of annual rainfall. It can
withstand drought periods lasting 3-6 months with no loss of leaves.
Longer dry spells cause the leaves to fall, and some top dieback may oc-
cur,

In Indonesia calliandra is found in such soil types as andosols, ver-
tisols, uliisols, latosols, and regosols, but no data are available on the
comparative performances. The tree appears to prefer light soil textures
and slightly acid conditions. The plant grows notably well on slightly
acid clay soils of volcanic origin. It does not tolerate poorly drained soils,
and the trees may die after 2 weeks of oxygen depletion caused by water-
logging. It will, however, grow well where the soil water 1:vel is high and
if drainage is adequate, such as on stream banks or valley slopes.

On higher slopes or ridges with poorly drained, calcareous clay soils,
growth is slow.

Pests and Diseases
In Indonesia calliandra has so far been free of any serious pests and

diseases. Several undetermined insects — a scale on branches and stems, a
trunk borer, and a looper eating the leaves —have been observed, bu. the

*information from J. Halliday and P. Nakao.
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damage they cause appears to be minimal. The only serious attacks have
been in nurseries, where snails and rats sometimes destroy the tender,
tightly packed seedlings.

The rough coppice harvesting that calliandra receives from villagers
can leave the stumps vulnerable to fungus infections. If stems are not cut
cleanly, or high enough for vigorous resprouting, then fungi (for exam-
ple, Xylaria species and Corticium salmonicola) may infect and kill the
weakened stumps.
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Production and Management

Seed Production

Calliandra trees mature rapidly and usually flower and bear fruit
within their first year. In Indonesia they set flowers year-round, but most
seed is produced in the dry season (June-September).

To obtain seed for planting, the pods are collected when they turn
brown. After 1 or 2 days of drying in the sun, they open to expose the
seed inside. These shiny, black, teardrop-shaped seeds look like those of
leucaena but are slightly larger (14,000 seeds per kg). They store reason-
ably well, (Seads kept in a i 2frigerator at 4°C had reiained fuil viability
after 2.5 years. However, seeds stored in cotton bags at room tempera-
ture decreased in viability from 75 to 60 percent in 1 year.) Nevertheless,
there is usually no need to store seeds for long periods because calliandra
sets fruits continuously.

The seeds germinate without treatment, but they germinate more
guickly if boiling waier is poured over them and they are aitlowed 1o caol
and soak for 24 hours.

Direct Seeding

Plantations can be established by direct seading. This is best done on
prepared sites. Before seeding, for example, the rows should be free of
weeds and the ground between should be roughly cultivated.

Indonesians place about five seeds in each planting spot. Successful
germination depends on the subsequent rainfall pattera.

Direct seeding can be done from the air. In Central Java two trials to
grow calliandra by sowing seeds from aircrait on land covered with
Imperata grass were reportedly satisfactory provided the lands were
plowed or burned beforehand; only partial success was obtained on un-

23
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treated sites.* In one trial the number of calliandra seedlings surviving
after 7 years was 10.4 percent of the number sown. This was the highest
percentage among the species being tested. ¥

Nursery Practices

Seedlings are commonly produced by two methods. In the first, cal-
liandra seeds are planted in plastic bags filled with topsoil, No fertilizer is
added. Two seeds are sown in each bag. (If both develop, the smaller
seedling is removed.} Seedlings are allowed to grow until they are about
20-50 cm tail with a root collar diameter of 0.5-1.0 cm. They are then
ready for transplanting. Depending on the amount and type of vegeta-
tion in the area to be planted, some site preparation is necessary before
planting seedlings. This may include clearing the complete area, or just
clearing strips or spo:s.

The second method is to produce “stumps.” Seeds are sown on the sur-
face of a prepared nursery bed and lightly covered with sand. Seedlings
are allowed to develop to a height of 75-100 cm, which usually takes
about 4 months. They are then lifted and top- and root-pruned to about
30 and 20 cm, respectively. Any remaining leaves are usually stripped
off. Bundles of these stumps can be stored for up to 1 week in a moist,
shady place before planting in the field. Stumps are useful for interplant-
ing among other trees or for planting directly into weeds. On steep slopes
or river banks stumps are also often used to ensure satisfactory establish-
ment. They can aiso t: prepared from the prolific natural regeneration
that occurs beneath established trees.

So far, attempts at propagating calliandra using cuttings have failed.

Planting is usually done at the beginning of the rainy season, and spac-
ing varies according to purpose. Firewood plantings normally use spac-
ingsof imx Imorimx 2m.

On poor soils the sezdlings react well to an initial treatment of fer-
tilizer, especially phosphate. i

The trees often reed to be weeded during the first vear, but the iree
canopy closes after that and weeds seldom get out of hand.

*More information on aerial seeding is given in companion report no. 35, Sowing Forests
JSromthe Air.

tHadipcernome, 1979.

tCritical elements for fertilizing leguminous trees are phosphorus, sulfur, potassium,
calcium, and magnesium, especially in acid soils. At transplanung a mixture of rock phos-
phate (about 40 percent), dolomite {40 percent}, and potassium sulfate, or a mixture of cal-
cium sulfate and potassium chloride (20 percent), is sugpested. A small omount (0.5
percent) of mixed molybdenum. zinc. copper, and boron elements is also tikely to be bene-
ficial. (Informazton from E.M. Hution.)




Cailiandra coppices vigorously. Firewood has been harvested annually from th
ars. { The maximum aumber of rotations has not yet been reached.y After

_ v form quickly. The regrowth shown hereis &
Id. Yearly cuttings are possible. {N.D_ Vietmever) R




5 i :After cumng, caihandra sproms SO readliy that it has been calied the plant tha; b\.

@Yuelds

R :on reasonable'soils the trees grow with heights averaging 2.5-3:5min 69

o : jcut _Shown here is copplce regrowth after juSt 2 ) momhs (D I Nzchoison)

: Calhandra grows fast In moderately good soxis in Indonesra the plants
o may be 3- 5 m tall and 5 cm in diameter at stump height w:thm 12 months ]
- -Thls 15 an optlmum size for firewood for: v;llage cookstoves. T

i~ Although extensive data are not available, some’ results _mdicaie that_]:l :

. months. They can be harvested after the first year, yxeidmg 5~2(} m‘ of -
s 'fuelwood ‘per- hectare. The stumps coppice readtiy, their’ sprouts often
g 'becommg 3 m tall within 6 months. In eastern Java eaHxandra Erees_‘ have.
been harvested annually for 20 years or more, prov:dmo n
fueiwood per hectare per year '

v As noted the weakened newly copp:ced stumps can get fﬁngali'“ nfee
. nons that prevent sproutmg : '
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Products and Applications

Firewood

In many parts of Java calliandra wood has become a favorite fuel. In
one instance an experimental plantation of 0.5 hectares was established
in 1963, and within 12 years villagers had independently established more
than 250 hectares of their own firewood plantations on nearby farms and
home lots.

Villagers favor calliandra because it is easy to establish, produces fuel-
wood quickly, is simple to harvest, and resprouts readily. The wood dries
rapidly and, if necessary, can be used for fuel after only 6 days. (How-
ever, the cut branches are usually left on the ground a week or two for

Toyomerto village, East Java. Calliandra wood is well sized for household cooking; it dries
quickly and villagers often use it for fuel after only 6 days in these stacks. (N.D. Vietmeyer}
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the leaves to fall off before being cut to length and stacked for further
drying.)

Calliandra wood is quite dense (specific gravity 0.5-0.8} and burns
well, giving off about 4,600 kcal of heat per kg. It converts to charcoal
(34 percent yield in one test) with a fuel value of 7,200 kcal per kg. Indo-
nesians estirnate that 1 hectare can produce up to 14 tons of charcoal.*

Pulp and Paper

Apparently calliandra wood is suitable for pulp and papermaeking.t Its
cellulose content is about 44-56 percent. Fiber length in the main stems
averages between 0.66 and 0.84 mm but may be as long as 1.3 mm, the
lumen diameter is 17.4-18.4 ; and the fiber-wall thickness is 4.39-6.00 ..
The wood contains about 3 percent extractive material.

Calliandra pulp is easily bleached. One factory in East Java uses it in
papermaking, although it is used mainly as a filler at less than 10 percent
of the total pulp. The small size of the calliandra wood makes handiing
and chipping difficult, and therefore the pulps from Sesbania grandi-
flora and Maesopsis eminii are preferable.

Reforestation

Nitrogen-fixing trees such as calliandra hold particular promise for
supplementing current reforestation efforts. Indeed, they seem to have
special attributes for fighting deforestation.

As already discussed, Indonesians use calliandra to recover bare lands,
to improve hydrological conditions, and to hamper the growth of nox-
ious weeds (notably Imperate cylindrica, Eupatorium species, and Sac-
charum species) as well as to prevent soil erosion and landslides on
slopes, ravines, and river banks.

Calliandra’s rapid growth and dense foliage provide good ground
cover, and its deep, extensive root system binds soil, thereby making cal-
liandra particularly suitable for erosion control on slopes. There we
plans to use it also for stream-bank protection in Java.

Calliandra trees are planted around state forest lands on Java to pro-
tect timber trees from being destroyed. By providing firewood and
forage they reduce illegal woodcutting in the forests, and they help pre-
vent the spread of ground fires, which are common in /mperata grass
arcas.

*Indonesian Forest Products Research Institute, 1977,
+Prayitno, 1980.



e k;break to block the passage of grass fires (X.F. errsam)

' ;; PRODUC TS_ AND AP?L!CATIONS .

S Indones;an foresters also plant caihandra as an mtercrop to fill'in the
.. spaces between newly planted trees, _espec:lally on bare lands’ and where
~the trees are widely spaced. Stnps of calliandra provxde good shade fo

' 'seedhngs of plantanon species such as damar . (Agathzs loranthgfo[m}

The foresters now hope that strips of calliandra will encourage the early

b growth of parnally shade—tolerant trees such as meranti (Skorea specxes),

: ebom (Diospyros species), or ulin (Eusideroxylon zwagerzz)

o Callxandra can be planted beneath stands of other trees. For examp}e

:--'1t is bemg grown beneath stands of pines at both Tawangmangu and
Deles on Java. Two-year-old calliandra grown beneath Pinus merk:esu at.

-Tawangmangu have yielded 60-70 stacked-meters of firewood per hec-_
3 tare. Elsewhere on J ava itis planted beneath Eucalyptus a’egluptcz. .

i -'Né.’flf.xseléﬂé{ﬁaﬁ Java. Reforestation of steép hillslopes. Calliandra’s denise growth sup-
3 _presses weeds and qulckly provxdes grcund cover and protection from rain and wind. Endo-
- fnesmn foreszers use it for stabilizing eroding slopes. Calliandra has. aEso beea used as % fires
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£

Toyomerto village, East Java. Calliandra’s abundant nodulation appears to enrich the soil
in which the trees grow, making them useful as nurse crops or for green manure. They are
suitable for rejuvenating worn-out agricultural land. Shown hereis a formerly abandoned
agricultural area that now produces good sugarcane yields following 4 years of calliandra
cultivation. (K.F. Wiersum)

Soil improvement

Calliandra helps enrich soil and aids neighboring plants. Natural leaf
drop contributes nitrogen to the earth beneath the shrubs, and small leaf-
lets decay quickly to build humus and improve soil texture. Moreover,
calliandra’s main root penetrates deep in the soil and exploits mineral
nutrients from strata below the root zone of most agricultural crops.
Eventually these nutrients are deposited on the surface through the decay
of leaves, again improving topsoil.

Farmers ip East Java sometimes rotate agricultural crops with callian-
dra plantations. Planting contour rows of calliandra on agricultural land
and mountain slopes not only prevents erosion but also improves the fer-
tility of soil. After 5-10 years these strips have successfully rehabilitated
some poor agricultural lands; the calliandra trees are then harvested and
the land is returned to cultivation.

One rotation sequence worked out by villagers at Toyomerto involves
growing calliandra for 4 years, sugarcane for 4 years, and corn for 2
vears. The villagers have found that it takes only 4 years for the callian-
dra trees to make the soil rich enough for good crops of sugarcane, a
notably high user of nitrogen.




o PROUDUDCESAND APPLICATIONS -

B Fbi'ia'g"e:‘ -

. f-.-thelr livestock. Annual yields of 7-10 tons of dry fodder per hectare have
- been recorded Calliandra is already grown for fodder, togpther with ele-
""_fphant grass, in large areas of Java previously unable to support any eco-
o _nomn: crop Thus forage prodncuon, perhaps ina sxmpastoral system,

- _gxs a prormsmg use of the plant g

Indonesaan mral commumnes frequently cut calhandra leaves to feed

o '-:';;Tow. omeno wllage, Easr Java. Caihandra s vatue as forage is untesteci in mdescaie pracucc,
- bur.many Indonesnan v:}lagers routmely feed it 10 tiv estock. Here, a rmxed toad of- calhan—
e :_.dra fohage and sugarcane tops ES on its way 1o feed the famziv cows- (I\,D Vzetmever) i
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Calliandra foliage is browsed by sheep, goats, and cows. In sheep-
feeding trials using mixed diets of grass and calliandra, best growth was
obtained with 40-60 percent calliandra. Calliandra leafmeal was also suc-
cessfully used in chicken feed in amounts up to 5 percent.*

In Central Java dried calliandra leaves are often pulverized and
pressed into pellets, either alone or mixed with leucaena leaves. Pellets
are then used for feed on Javanese chicken farms or exported. Calliandra
leaflets detach readily on drying, so that separating the leaflets for
animal feed is easy.

The following observations have been made on the composition of cal-
liandra forage:{

Leaves. Calliandra leaves, like those of leucaena, are rich in protein
(up to 22 percent, dry weight basis) and contain 30-75 percent fiber, 4-5
percent ash, and 2-3 percent fat.

Simple polyphenocls. Calliandra foliage has only one polyphenol,
quercetin-3-rhamnoside, at a concentration of about 1 percent; leucaena
foliage, on the other hand, has an array of seven flavonol glycosides
comprising about 3.5 percent of the leaflets’ dry weight.

Tannins. There is a much higher content of vanillin-reacting com-
pounds in calliandra than in leucaena, and the level of these condensed
tannins seems to be in the range of 1-3 percent.

Antinutrition factors. No toxic substances have been found so far.
Mimosine, which is of concern in feeding leucaena foliage to nonrumi-
nant animals, is absent in calliandra.

Honey and Shellac

Honey bees favor calliandra nectar, and the piant flowers almost year-
round, which makes it a promising bee forage. With the large catliandr~
plantations in East Java, rural communities are increasi~ " -gr: "
horey bees. The eagerness to grow calliandra for honey b
portant incentive in Perum Perhutani’s re-greening #
from calliandra flowers has a bitrersweet flavor. *
that calliandra plantations could yield one ton »’
nualily.

In trials, calliandra has also proved tc he &
insect Kerria lacca (Lacciter lacca), which yiel:

=Results of trials at the Animal Husbandry Faculty, P
indonesia.

-g-informafion from J. B. Lowry. BeSt Ava | I a b I e C O py

fKasmudjo, 1978.




B ‘_PRODUCTS AN’) APPL!CATIONS |

':fZOrnamentaI Use

e As already noted the cthandra bush is an attracnve omamental and
* makes useful hedges with beautiful red flowers. Indonesians. recommend

o calhandra for planting along roadszdes wllage boundanes fields d:kes o
. 4canals and forests -

Gunung Arca West Java- Caihandra honey Calliandras ﬁowenng is so preh.xc ihat by R
1979 some 650 beehives, layed out aiongszde trails through part of the forest, were each
- . producmg about 1.3 kg of caii:andra 3:1011:':}r per monih. {N D. Vxetmeyer} ’
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R_et:ommendations_ and

Research Needs

The work et to be done on ca.llrandra challenges researchers in many

parts of the world, in such disciplines as botany, forestry, soit science, =

microbiology, ecology, and ethnobotany. For philanthropic i institutions,
foundations, and international development agencies concerned with
problems of {el, fiber, and other resources, calliandra research is an '
area worthy of financial support. -
The panel’s recommendauons for specxf’ ic research needs faIloaw

Establishment of a Reliable Source of Seed

- The lumteé avallabrhty of calliandra seed inhibits wrder international
use of this species, and the demand for seed is likely to be high. To meet

the expected shortages, an organized seed production and distribution o

service is needed. A system of seed certification is also required, because:
quality control is imperative if such a new and unmed crop is to be e:val-?
uated ef! ficnently -

' Cctmpa_ratiwe.'rrials With Other Species

. Commercial experience with calliandra s restricted to Java. It is neces--

d and

sary to support international efforts to conduct carefully plann

 replicated plantation trials elsewhere in the tropical and subtropical |

world. This will allow comparisons between species and ecotypes under
different climatic conditions.* Ideally, a standardized methodology and
field layout should be used at each trial location. Sites should be selected

1o test the responses of various species to such factors as soil type, am- h-

' *Plans and seeds for one set oE’ trials can be obtained from the Nmagen-F‘mng Tree

Association, P.O. Box 680, Waimanalo, Hawaii 96?95 USA.

5
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tude, latitude, temperature, moisture level, and pests. Information from
the trials, once assessed and compared, will enable rational choices about
the establishment of large calliandra plantations under the most faver-
able conditions

This effort in international scientific ccoperation will require suffi-
cient funding to support an organization {or secretariat} that collects and
distribuies seeds; establishes contacts and maintains correspondence with
research groups; and, ultimetely, collects data and publishes the trial’s
results.

Germ Plasm Collection

Ali of Indonesia’s seed comes from a single collection made in Guate-
mala in the 1930s. New collections should now be made in calliandra’s
center of origin in Central America. This is likely to provide new prove-
pances with special adaptation to specific sites and purposes.

Assessment of genetic resources should include:

¢ Mapping the natural distribution
& C ﬁ d £ gefn d AR
ollecting seed of identified provenances
e Ass:ssing the importance of hvbridization, both natural and experi-
menial
¢ Distributing seed and exchanging genetic information.

Silviculiurgl Ressarch

Sitvicultural research on calliandra species is needed, especially in the
following areas:

e Soil requirements
e Watcr requirements
e 3rowth ra:ss

s Cropping systems.

Research is also needed to quantify the soil improvement capacity of
calliandra.

Rlicrobiclogical Research

The following specific research is necded on callfandra’s symbioses:

s Isolation and culture of Rhizebium straing, optimum methods of in-
oculztion and nodule establishment, and de;..rmz:a:; 1 of the combina-
tinne thnt mnct anhanpeas nitracen Tivatinn

It &




‘sities, missions, and villages, their findings
.te@hmcai ;mmls A newsfetter wauld gn:mde 2 means fﬁg ot

RECOMMENDATIONS AND RESEARCH NEEDS | 37

s ldentification of mycorrmzal'fung;, along with development of i’ﬁn
oculation methods and analysis of phosphorus and m:cranumem re~
guirements of calliandra, -

‘Research on Calliandra Use

Researchers shwldassess calliandra’s use for:

¢ Cultivation in biomass plantations

¢ Land stabilization and erosion controf .

¢ Soil rehabilitation in farming, i.¢., as a fallow crop
* Forage

¢ Honey production

= Pulp and particle board manufacture

¢ Wood densification.

The contribution of calliandra cultivation to vtﬁage economies should

also be assessed,

Dissemination of information

. A pﬁammg guide based on presemt knawisﬁge A ok with
practical step-by-siep information on propagating, gsianmg, mam |
and utili:ing the plant would be of considerable help to people who w&m
to test callixndra. | |
- & A newsletter. To explore calliandra’s potential, it is importa

establish communication among researchers working with the plant,
Because they are likely to be situated in remote research stations, unives-
. may not be wz&eiy noted in




Appendix A

Selected Readings

Much information on calliandra is in internal Indonesian reports and
is not easily accessible. The references below are either in English or have

an English summary.

Anoaymous. 1977, Bushes nesded for supply of fuelwood. Duta Rimlwa 3(16):26~3L. {fude-
nesian and English) .
Baggio, A., and J. Heuvediop. 1982. Comportamiento inicial de Calliandra calothyrsus en
barreras vivas para produccion de biomasa verde. Centro Agronomico Tropical de fnves-
tigacion ¥y Enselanza, Departamento de Recursos Naturales Renovables, Turrialba,
Costa Rica, 21 &P, . :
Basuki, 5. 1977, A study or the financial inventment for Cefliendra calothyrsus fuslwood
plantations. Thesis, Forestry Faculty, Gadiah Mada University, Yogyakarta, (Indone-
Dirdjosoemnarto, S. 1981, The performance of some small legumes on eroded lands at
“Vanagama experimental forest. Pp. 90-96 in Observations on Agroforestry on Java, In-
donesia, K. F. Wicrsuem, ed. Forestry Faculty, Gadiah Mada University, Yogyekarta, In«
dopesia, and Department of Foreat Management, Agricultural University, Wageningen,
The Netherlands. ' | S
Forest Products Research Institute. 1977, The possibility of Kaliandra wmd as a source of
~energy. Special report of the Forest Products Research {nstitute Bogor i cooperation
with the State Forest Enferprise (Perum Perhutani), Jakara. 28 pp. eEﬁghsh sammary aof
. a m ﬁn Indonesian)
TROmo. 1979, Cﬂw land rehabilitation with air seeding, Duta Rimba SIS,
K&rym D.. aad T. W. Riyanto. 1979, Calliandra calothyrsus as shading to the gwwtiz crf
Agathis zmmfm E)ﬁta Rimba 5¢3%):3-10. (Indonesian and English. Indones
sion also in Kehutanan Indonesia &7):33-39) -
Kasmudio. 1978, cﬁﬁwwm cofothyrsus. Duta Rimba 4(28):17-22. (Indonesian
English. Indonesian version also in Kehutanan [ndonesia §(9):16-17, 20, 1978
Natawiria, D. 1974/8. Pests and diseases of exotic forest irees at Jorest experimental garden
Sumberwringin. Rimba Indonesia 18(1/2):1-45. (Indonesian with English summarv}
Preyitno, T. A, 1980. Some notes on physical properties of sodapulp of Calliandra wood.
Duta Rimba 6(40):1 3-16. (Indonesian and Englishy
Prayitno, 7. A.. and Mulads Wijaya. 1979, Comparative growth capacity of Calliandra
and Glircidia in critical soil. Duta Rimba $(34):81 1. (Indonesian and Englishy
Renvoize. S. A. 1981, The genus Colliandrz (Leguminosac) in Bahia, Brazil. Kew Bulletin
36(1).63-83,
Sambas Nadiar. 1979. Knowing the “land of honey” Guaoung Arca. Duta Rimba $(Q33):
1519, {Indonesian and English)
Sukimar Atnosudarye. 1982, Rural community development and irs implementation in

IQ
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the forest areas of Indonesia. Paper presented at the FAO/SIDA Seminar on Forestry
Extension, Semarang, Indonesia January 18-30, 1982, (FAC paper F@*TRD/SZ&}

Sukiman Atmosudaryo and Wahyudi. 1980, Forest management on Java in the. develop- -

ment era. Netherlands Forestry Journal $2(6):153-165.

Sukiman A:muéazw and S. G. Banyard. 1978, The prosperity apﬁr@aeh to fmsest com-

munity development in Java. Commonwealth Forestry Review $7:89-06.,
Scerjono, R.. and H. Suheendi. 1981, The prospect of Calliandra plantation in §

Unpublished paper, Forest Research Institute, Bogor, Indonesia. '
Seryono. R. 1975, Calkian

{indonesian and Es;gmrz in@n&mn version also in Kehutanan [ndonesia 2(6): 7‘3‘3-‘?&}
Suryono, R. 1975, Calliand: asacmp for interplan:

Puta Rimba HA): 942 33, tindonestan and English. Indonesian vexsxm alsor in Keha- -

ranan Indonesia 2(7). 765766, 7823) '
Thulin, M., P. Guiner, and A. Hunde. 1981, Calli

Africa. M:&Ef: Journal of Botany 1€1):27-34.

dra as fuebwood and forest protector. Duta Rimba 1(3):2-6, 11, é: o

ting and :egen&ran@n of poor soils. B

ndra (Leguminosae) in contie inental

Verhoef, L. 1941, Pi.liminary results of come leguminous crops introduced from ﬁrm - i

America. Tecrona 34:7¢ M&& {Dutch with English summary)



Researchers Working
with Calliandra

sudaryo, JI. W. Monginsidi 18, Kebayoran Baru, Jakarta Selgtan, h:ﬁ@-

Balai Peniliian Ternak (BPT), P.O. Box 123, Bogor, Indonesia

J. Bagver, Forestry Department, CATIE, Turrialba, Costa Rica

J. Brewbaker, Dmmafﬂmm&urgﬂmmof%mﬂmm&mm
96822, USA

Jeffrey Buriey, Commonwealth Forestry Institute, Souwth Parks Road, Oxferd% OX1: 3@3,
Engiand _

B.Cium,!-‘-‘mbemxm CA‘FIE,T&:M}E&, Casta Riea

A. K. Dutt, Regiona! Research Laboratory, Canal Road, Jammu, Tawi, India

E. F. Instituto de Ciencias Naturales, Universidad Nacional, Apmtad@‘wﬁs Bo

Emmkm:himw. Iﬁ&@@mgmm tndanesxa

Forest Rescarch Institute, P.O. Baox 66, Bogor, Indonesia (K. mamm

Forest Research Station, Forestry Division, Munda, New Gaﬁrm Saloman -

Forestry Fuculty, Gadiah Mada University, Kampus Bulaksumur, Yogvakarta, fndewie
(Qﬂni Haniin Soecseno, $. Pirdjosoemarto)
J. Halliday, NifTAL Project, University of Hawaii, P.O. Box “O™ Paia, Hawaii m
USA {association with rhizobia and mycorrhizac)

W. Hevmann, Multiple Use Forest Managemen: Project UNHPKFA@J?‘EW@E t cf@
UNDP, P.O. Box 7285, Airmait Distribution Center, Metro Manila, Philippines

J. B. Lowry, Pajajaran State University, BPT, P.O. Box 123, Bogor, indemaécmm -

as animal feed)

Pajajaran St :e University, Bandung. Indonesia (Animal Husbandry Faculty)

Perum Perhutani, Forest State Cmm Ih Eendm Gatot Subroto 17-18, Post Box
111, Jakara, Indonesia {Hartono Wirjodarmodj

Picrre Poetiray, Plant Production wéPmtmim mvxm FAQ, Via &en:e Terme di Cara-
calla, 00100 Rome, lialy :

R. Reid, Davies Laboratory, Division of '!'mﬁcat Crops and ?mnm CSIRO, me
Mail Bag, P.O. Townsville, Queensiand 4810, Australia

G. Shivashankar, Professor of Agricultural Botany, University of A@neuitu:ai smm
Hebbal, Bangalore 560024, India

Tahjan Usrt, Faculty of Animal Husbandry, Fﬁj@jﬁfm State tlmwrmy Bandung
d@mtfmi

o r. Chief Rescarch Officer, F@:eat Department, P.O. Box 509, Colombo 2.,

i Lanka

K. F. Wicrsum, Department of Forest Management, Agricudtural University, P.O. B?m

342, 6700 AH Wageningen, The Nethertands '

A%
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Seed Supplies

Smail lots of seed for research purposes may be obtained from some of the above and &:e}'-
also available from: '

Inland and Foreign Trading Cd (Pre) Ltd P.O. Box 2090, Maxwell Road Post C “fice,
Singapore 9040

Latin America Forestry Seed Bank, Deparement of Natural Renewable Reseurccs,, CATIE,
Turnalba, Costa Rica _ '

NifTAL Project, University of Hawaii, P.O. Box “O", Paia, Hawaii 96779, USA

Perhum Perhutani, Forest State Camasanﬁm Ji, Jendral Gatot Subroto 17-18, ?ast E@x:
11, Jakana, Indonesia _

Tree Seeds International, 2402 Esxher Court, Sitver Spring, Maryland 20910, U%

 George White, U.S. Depariment of Agriculture, Room 322, Building 001, Beltsmle Agric
cultural Resea:ch(im:e: West, Bﬁmﬁf&’. M&ryt&nﬁ 20756 usa



Appendix &

Biographical Sketches
. of Panei Members

FRANCOIS MERGEN, Pinchot Professor of Forestry and Professor of For-
est Genetics, Yale University, was Dean of the School of Forestry and
Environmenta! Studies at Yale during 1965-1975. He received his B.A.
from Luxembourg College and B.Sc.F. from the University of New

Brunswick in 1950 and his M.F. in ecology in 1951 and Ph.D. (forest

genetics) in 1954 from Yale. He is especially knowledgeable about

francophone Africa and was chairman of the Sa_ el psmgr&m of the
Board on Science and Technology for International Development
a member of the Advisory Committee on Technology Inmatwn He

a;m.' -

was research collaborator at the Brookhaven National Laboratory,
1960-1965. He was the recipient of the Award for Gmmndmg'

- Achievement in Biological Research by the Society oi American For-
esters in 1966 and was Distinguished Professor (Fulbright-Hays Pro-

gram) in Yugoslavia, 1975. Before joining the Yale faculty, Dr.

Mergen served as project leader in forest genetics for the U.S. Forest
Service in Florida. He has served as a consultant to FAO, foreign gov-
ernments, and private foresiry companies and has traveled extmveiy- |
mthetrapm!cwntmwf&%ﬁfm&mé tin America. -

CHARLES HODGES is Chief Plant Patm&@gfst and Director of the Institute
of Pacific Islands Forestry, U.S. Department of Agriculture, Forest
Service, Honolulu, Hawaii. He received his B.S. (1952) in forestry and
M.S. (1954) in forest pathology from the University of Idaho and
Ph.D. (1958) in mycology from the University of Georgia. His entire
career has been spent with the ULS. Forest Service where he has

-wor&ed m forest f.».:,-w-:-,_;-u,:‘m' of mcn:ak forests and mzsdwmé |

mycology, and m:h@lagy During 1973-1&7’5 he was on speexat assagnz-
ment to FAC in Brazil to determine the major forest tree diseases in -
that country and to help establish a forest pathaiagy research program
within the Brazilian Forest Service. He has worked as a consultant in

AT
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forest pathology to several Scuth American countries and has traveled
widely in the American, Pacific Island, and Southeast Asian tropics.
He has collaborated in several projects in Eastern Europe and is active
in international forestry and pizant pathology organizations.

- D. 1. NICHOLSON is Forest Research Officer with the Department of For-
estry, Atherton, Queenstand. He r=ceived his education at Sydney Uni-
versity and the Australian Forestry School, Canberra, from which he
was graduated in 1949. He worked with the Australian Forestry and
Timber Bureau, Canberra, until 1954 on general silvicultural research
and tree breeding. He then joiried the Overseas Civil Service and spent
1 year in East Africa before joiring the Forest Department in Sabah,

 where he worked on silvicuitural and ecological research, chiefly in
relation to regeneration of tropical highland forests after logging. He
joined the Queensiand Department of Forestry in 1965 and has worked
on rainforest silviculture and management as well as with plantation .
species and tree breeding. He spent two periods with FAO (1968-1969
and 1978) on management of Southeast Asian dipterocarp forests.

HUGH L. POPENOE is Professor of Soils, Agronomy, Botany, and Geog-
- raphy and Director of the Center for Tropical Agriculture and Inter-
national Programs (Agricuiture) at the University of Florida. He re-
~ceived his B.S. from the University of California, Davis, in 1951, and
his Ph.D. in soils from the University of Fiorida in 1960. His principal
research interest has been in the area of tropical agriculture and land
use. His early work in shifting cultivation is one of the few contribu-
tions to knowledge of this system. He has traveled and worked in most
of the countries in the tropical areas of iatin America, Asia, and
Africa. He is past Chairman of the Board of Trustees of the Escuela
Agricola Panamericana in Honduras, Visiting Lecturer on Tropical
Public Health at the Harvard School of Public Health, and is a Fellow
of the American Association for the Advancement of Science, the
American Society of Agronomy, the American Geographical Scciety,
and the International Soils Science Society. He is Chairman of the Ad-
visory Committee on Technology Innovation and a member of the
Board on Science and Technology for International Development.

K. FREERK WIERSUM is staff member of the Forestry Institute “Hinke-
loord,” Wageningen Agricultural University, The Netherlands, where
he worked first at the Department of Silviculture and is now at the De-
partment of Forest Management. He completed his ingenieurs degree
{M.Sc. equivalent) in tropical forest ecology and silviculture at Wagen-
ingen University in 1973 after having done field work in Surinam,
Costa Rica, and Spain. After graduation he worked for 6 years in In-




APPENDIX C | 45

 donesia, first ina UNDP/FAOQO watershed management projec: in Cen-

- tral Java, and then joined the Hinkeloord Forestry Institute where he -
was seconded to the Institute of Ecology, Padjadjaran University, at
Bandung. He was also a guest lecturer at the forestry faculty of the
Gadjah Mada University in Yogyakarta. During this period he worked
on aspects of watershed management, agroforestry, and forest ecol-
ogy. In Wageningen he continued studying aspects of agroforestry,
fueiwood problems, and strategies for af farestaaion . -

NOEL D. VIETMEYER, staff foxcer for ttus swdy, is Professional Assos -

ciate of the Board on Science and Technology for International Devel-
opment. A New Zealander with a Ph.D. in organic chemistry from the
University of California, Berkeley, he now works on innovations in
science that are important for developing countries. - |



Advisory Committee on Technology Innovation

HUGH POPENOCE, Director, International Programs in Agncu}mre, Ui~
- versity ef‘ Fionéa Gainesville, Florida, Chairman . %

Members

 WILLIAM BRABLEY Consultam New Hepe, Pennsylvania ;4
HAROLD DREGNE, Director, International Center for Arid and Semx«ﬁmd ,

Land Studies, Texas Tech University, Lubbock, Texas (memher LT

through 1981)

ELMER L. GADEN, JR., Department of Chemical Engmeermg, Umwrsny B

of Virginia, Charlottesville, Virginia DR
CARL N. HODGES, Director, Environmental Research Laboramxy* Tm:- T

son, Arizona o -
CYRUS MCKELL, Native Plants, Inc., Salt Lake Cmt, Utah

FRANCOIS MERGEN, Pincho: Professor of Forestry, School of Fares&zy L L
and Environmental Studies, Yale Umvermm New Haven, Cﬁnmctmm B

- {member through 1982) =
~DONALD L. PLUCKNETT, Consultative Group on Intemaneﬁaf P
- Agricultural Research, Washington, D.C.

‘THEODORE SUDIA, Deputy Science Advisor to the Secretary of Interm, | o

Department of Interior, Washington, D.C.



Board on Science and Technology for International Development

GECRGE BUGLIARELLOC, President, Polytechnic Institute of New York,
Brookiyn, New York, Chairman

Members

SAMUEL P. ASPER, Educational Commission for Foreign Medical
Graduates, Philadelphia, Pennsylvania

DAVID BELL, Department of Population Sciences, Harvard School of
Public Health, Boston, Massachusetts

LEONARD BERRY, Professor, Graduate School of Geography, Clark
University, Worcester, Massachusetts

ERNEST J. BRISKEY, Dean, School of Agricuiture, Oregon State Univer-
sity, Corvallis, Oregon

HARRISON S. BROWN, Director, Resources Systems Institute, East-West
Center, Honolulu, Hawaii

ROBERT H. BURRIS, Department of Biochemistry, University of Wiscon-
sin, Madison, Wisconsin

CLAUDIA JEAN CARR, Associate Professor, Conservation and Resource
Studies, University of California at Berkeley, Berkeley, California

NATE FIELDS, Director, Developing Markets, Control Data Corporation,
Minneapolis, Minnesota

ROLAND J. FUCHS, Chairman, Department of Geography, University of
Hawzii at Manoa, Honolulu, Hawaii

ELMER L. GADEN, JR., Department of Chemical Engineering, University
of Virginia, Charlottesville, Virginia

JOHN HOWARD GIBBONS, Director, U.S. Congress, Office of Technology
Assessment, Washington, D.C.

N. BRUCE HANNAY, Foreign Secretary, National Academy of Engineer-
ing, Washington, D.C.

WILLIAM HUGHES, Director, Engineering Energy Laboratory, Oklahoma
State University, Stillwater, Okiahoma

WILLIAM A. W. KREBS, Vice President, Arthur D. Little, Inc., Acom
Park, Cambridge, Massachusetts

GEORGE 1. LYTHCOTT, University of Wisconsin, School of Medicine,
Madison, Wisconsin

JANICE E. PERLMAN, Executive Director, Committee for a New New
York, New York City Partnership, New York, New York

HUGH POPENOE, Director, International Programs in Agriculture, Uni-
versity of Florida, Gainesville, Florida

FREDERICK C. ROBBINS, President, Institute of Medicine, National
Academy of Sciences, Washington, D.C.

WALTER A. ROSENBLITH, Foreign Secretary, National Academy of Sci-
ences, Washington, D.C.




FREDERICK SEITZ, Presxdent Emeritus, The Rockefeller Unwerstty, New?.

York, New York

RALPH HERBERT SMUCKLER, Dean of International Studles and; Pro-

grams, Michigan State University, East Lansing, Michigan = .
GILBERT F. WHITE, Institute of Behavioral Science, Unwerstty of Col-

orado, Boulder, Colorado R
BILL C. WRIGHT, Assistant Dean for International Programs, Oklahomag_i e

State University, Stillwater, Oklahoma - 3

JOHNG. HUR.LEY Director

MICHAEL G. C. McDONALD DOW, Associate DxrectorfSwdres
MICHAEL P. GREENE, Associate Director/Research Grants



Office of International Affairs

Board on Science and Technology for International Development_
(JH-217D) | - :
National Research Council

2101 Constitution Avenue, Washmgton, D.C. 20418, USA

How to Order Bosrm* Reports

Reports published by the Board on Science and Techaotogy for Intematxcnal? o

Development are sporxsered in most instances by the U.S. Agency for Interna-

tional Development and are intended for free distribution primarily toreaders in. |

developing countries. A limited number of copies is available without charge to
readers in the United States and other industriatized countries who are affiliated

with governmental, educational, or research institutions, and who have profes-
sional interest in the subject areas treated by the report. Req:ucsts should be madej
‘on your organization's letterhead. - .

Single copies of published reports listed below are available free from Bes:nu_ !
at the above address while the supplies last. L

18. Energy for Rural Development: Renewsble Resources and Alternative

Technologies for Developing Countries. 1976, 305 pp. Examines energy tech-
nologies with power capabilities of 10-100 kW at village or rural level in terms of

short- or inicrmediate-term availability. Identifies specific R&D efforts needed

to make intermediate-term application feasible in areas offering realistic prom-

ise. (French language edition i is avastable thmttgh NTIS, Accession No. PB o

286-467.)

“19. Methane Generation from ﬂmw Animsl, and AMM
Wastes. 1977, 131 pp. Discusses means by which natural process of anaerobic.

fermentation can be controlied by man for his benefit and how the methane gen-
erated can be used as a fuel. i

33. Alcobol Fuels: Options for Developing Countries. 1983, Examines the

.' potential for the production and utilization of alcohol fuels in developins coun-,

tries. Includes information on various tropical crops and thexr conversion to:

alcohols through both traditional and novel processes.

36. Producer Gas: Another Fuel for Motor 'Ersnspon, 1983. Dm'mg -

World War §} Eur@pemémmweod,chamoai and coal to fuel over a'
million gasoline and diesel vehicles. However, the technology has since been vir-:
- tually forgotten. This report reviews producer gas and its modern potential

38. Supplement to Energy for Rursl Deveiopment: Renewable Resonrces

and Alterastive Technologies for Developing Countries. 1981. 240 pp. Up-
dates the 1976 BOSTID publication and offers new materiai on direct am in-
direct mesef solar energy. Provides index to both volumes.



39. Proceedings, International Workshop on Energy Survey Methedologies
for Developing Countries. 1980. 220 pp. Report of a 1980 werkshop organized
to examine past and ongoing energy survey efforts in developing countries. In-
cludes reports from rural, urban, industry, and transportation working groups,
excerpts from 12 background papers, and a directory of energy surveys for
developing countries.

Technology Options for Developing Countries

8. Ferrocement: Applications in Developing Countries. 1973. 89 pp.
Assesses state of the art and cites applications of particular interest to developing
countries — boat building, construction, food and water storage facilities, etc.

14. More Water for Arid Lands: Promising Technologies and Research Cp-
portunities. 1974. 153 pp. Qutlines littie-known but promising technologies to
supply and conserve water in arid areas. (French language edition is available
from BOSTID.) '

21. Making Aquatic Weeds Useful: Some Perspectives for Developing
Countries. 1976. 175 pp. Describes ways to exploit aquatic weeds for grazing,
and by harvesting and processing for use as compost, animal feed, pulp, paper,
and fuel. Also describes utilization for sewage and industrial wastewater treat-
ment. Examines certain plants with potential for aquaculture.

28. Microbial Processes: Promising Technologies for Developing Coun-
tries. 1979. 198 pp. Discusses the potential importance of microbiology in de-
veloping countries in food and feed, plant nutrition, pest control, fuel and
energy, waste treatment and utilization, and health.

31. Food, Fuel, and Fertilizer for Organic Wastes. 1981. 150 pp. Ex-
amines some of the opportunities for the productive utilization of organic wastes
and residues commonly found in the poorer rural areas of the world.

34. Priorities in Biotechnology Research for International Development:
Proceedings of a Workshop. 1982. 261 pp. Report of a 1982 workshop organ-
ized to examine opportunities for biotechnology research in developing coun-
tries. Includes general background papers and specific recommendations in six
areas: 1) vaccines, 2) animal production, 3} monoclonal antibodies, 4} energy, 5)
biological nitrogen fixation, and 6) plant cell and tissue culture.

Biolcgical Resources

16. Underexploited Tropical Plants with Promising Economic Value.
1975. 187 pp. Describes 36 little-known tropical plants that, with research, could
become important cash and food crops in the future. Includes cereals, roots and
tubers, vegetables, frzits, oilseeds, forage plants, and others. "

22. Guayule: An Alternative Source of Natural Rubber. 1977. 80 pp. De-
scribes a little-known bush that grows wild in deserts of North America and pro-
duces a rubber virtually identical with that of the rubber tree. Recommends
funding for guayule development.

=r




25. Tropicai Legumes: Bescurces for the Futere. 1979. 331 pp. Describes
plants of the family Legumingsae, including root crops, pulses, fruits, forages,
timber and wood products, ornamentals, and cthers.

37. The Winged Bean: A High Pretein Crop for the Tropics. (Second Edi-
tion). 1681. 52 pp. An update of BOSTID’s 1975 report of this neglected tropical
legume. Describes current knowledge of winged bean and its promise.

47. Amaranth: Modern Prospects for an Ancient Crop. 1983. Before the
time of Cortez grain amaranths were staple foods of the Aztec and Inca. Today
this extremely nutritious food has a bright future. The report also discusses vege-
table amaranths.

Innovations in Tropical Reforestation

26. Leucaena: Promising Forage and Tree Crop for the Tropics. 1977.118
pp. Describes Leucaena leucocephaia, a little-known Mexican plant with
vigorously growing, bushy types that produce nutritious forage and organic fer-
tilizer as well as tree types that produce timber, firewood, and pulp and paper.
The plant is also useful for revegetating hilislopes, providing firebreaks, and for
shade and city beautification.

27. Firewood Crops: Shrub and Tree Species for Energy Production.
1980. 237 pp. Examines the selection of species suitable for deliberate cultivation
as firewood crops in developing countries.

35. Sowing Forests from the Air. 1981. 64 pp. Describes experiences with
establishing forests by sowing tree seed from aircraft. Suggests testing and devel-
opment of the techniques for possible use where forest destructions now out-
paces reforestation.

40. Firewood Crops: Shrub and Tree Species for Energy Production.
Volume II. 1983. A continuation of BOSTID report number 27. Describes 27
species of woody plants that seem suitable candidates for fuelwood plantation in
developing countries.

41. Mangivm and Other Fast-Growing Acacias for the Humid Tropics.
1983. 63 pp. Highlights ten acacias species that are native to the tropical rain
forest of Australasia. That they could become valuable forestry resources else-
where is suggested by the exceptional performance of Acacia mangium in
Malaysia.

42. Calliandra: A Versatile Smali Tree for the Humid Tropics. 1983. 56
pp. This i.atin American shrub is being widely planted by villagers and govern-
ment agencies in Indonesia to provide firewood, prevent erosion, yield honey,
and feed livestock.

43. Casuarinas: Nitrogen-Fixing Trees for Adverse Sites. 1983. These
robust nitrogen-fixing Australasian trees could become valuable resources for
planting on harsh, eroding land to provide fuel and other products. Eighteen
species for tropical lowlands and highlands, temperate zones, and semiarid
regions are highiighted.




Managing Tropical Animal Resources

32. The Water Buffalo: New Prospects for an Underutilized Animal.
1981. 118 pp. The water buffalo is performing notably well in recent trials in
sach unexpected places as the United States, Australia, and Brazil. Repost
discusses the animal’s promise, pasticularly emphasizing its potential for use out-
side Asia.

44. Butterfly Farming in Papua New Guinea. 1983. 36 pp. Indigenous
butterfiies are being reared in Papua New Guinea villages in a formal govern-
ment program that both provides a cash income in remote rural arezs and con-
tributes to the conservation of wildlife and tropical forests.

45. Crocodiles as 2 Resource for the Tropics. 1983. 60 pp. In most parts
of the tropics croccdilian populations are being decimated, but programs in
Papua New Suinea and a few other countries demonstrate that, with care, the
animals can be raised for profit while the wild populations are being protected.

46. Littie-Known Asian Animais with a Promising Economic Future.
1983. 133 pp. Describes banteng, madura, mithan, yak, kouprey, babirusa,
Javan warty pig and other obscure, but possibly globally useful wild and domies-
ticated animals that are indigenous to Asia.

General

29. Postharvest Food Losses in Developing Countries. 1978. 202 pp.
Assesses potential and limitations of food-loss reduction efforts; summarizes ex-
~ isting work and information about losses of major food crops and fish; discusses

economic and social factors involved; identifies major areas of need; and sug-
~ gests policy and program options for developing countries and technical
assistance agencies.

30. U.S. Science and Technology for Development: Coatributions to the
UN Conference. 1978. 226 pp. Serves the U.S. Department of State as a major
background document for the U.S. national paper, 1979 United Nations Con-
ference on Science and Technology for Development.

The following topics are now undes study and will be the subjects of future
BOSTID reports:

* Leucaena: Promising Forage and Trez Crop for the Tropics (Second Edi-
tion)

¢ Jojoba

For a complete list of publications, including those that are out of print and
available only through NTIS, please write to BOSTID at the address above.
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ORDER FORM
While the limited supply lasts, a free covy of Calliandra: 4 Versatile

Small Tree for the Humid Tropics will be sent to institutionally affiliated
recipients (in government, education, or research) on written request or
by submission of the form below. Please indicate on the labels the
names, titles, and addresses of qualified recipients and their msntmwns

who would be interested in having this report.

Please return this form to: |
Office of International Affairs (JH-217D)
National Research Council
2101 Constitution Avenue
Washington, D.C. 2048, USA
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The National Academy of Sciences

The National Academy of Sciences was established in 1863 by Act of
Congress a a private, nonprofit, self-governing membership corporation
for the furtherance of science and technology, required to advise the fed-
eral government upon request withm its fields of competence. Under jts
corporate charter the Academy established the National Research Coun-
cil in 1916, the National Academy of Engineering in 1964, and the Insttwf ’
tute of Medicine in 1970. | . S

The National Research Council

The National Research Council was established by the Naﬁﬁom%ﬁcédf-_' .
emy of Science in 1916 to associate the broad commuaity of science and

technology with the Academy’s purposes of furthering knowledge and of -

advising the federal government. The Council operates in accordance
with general policies determined by the Academy under the authority of
its congressional charter of 1863, which establishes the Academy as a pri-
vate, nonprofit, seif-governing membership corporation. The Council
has become the principal operating agency of both the National Acad-
emy of Sciences and the National Academy of Engineering in the con-

duct of their services 1o the government, the public, and the scientificand

engineering- communities. It is administered jointly by both Academies
anu the Institute of Medicine. The National Academy of Engineering
and the Institute of Medicine were established in 1964 and 1970, respec-

tiv eiy , under the charter of the National Academy of Sciences.

- The Office of International Affairs

The Office of International Affairs is responsible for many of the in-
ternational activities of the Academy and the Research Council. Its pri-
mary obijectives are to enhance U.S. scientific cooperation with other
countries; to mobilize the U.S. scientific community for technical assis-
tance 10 developing nations; and to coordinate international. prmects |
throughout the institution. .
The Board on Science and Technology for International Development

The Board on Science and Technology for International Development
(BOSTID) of the Office of International Affairs addresses a range of
issues arising from the ways in which science and technology in develop- -
ing countries can stimulate and complement the complex processes of
social and economic deveropment. It oversees a broad program of bilat-
eral workshops with scientific organizations in developing countries and
conducts special studies. BOSTID’s Advisory Committee on Tefcbnct@gy
innovation publishes topical reviews of unconventional rechnical proc-
gsses and biological resources of potential importance to developing
countries.




